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ALKALINE PHOSPHATASE ACTIVITY IN NORIHAL AND ABNORilAL 
HUMAN BLOOD AND BONE JiIARROW CELLS 

'Waghsteix, jM-D. 

J^IlDDLETO^V^:, N, Y. 

TN 1907 ‘\Vinkler'‘ demonstrated a staining technique for the microtechnical 
1 visualization of the enzj-me oxydase in blood films. The demonstration oj. this 
and a similar enzyme, peroxydase, has since become a standard technique for the 
identification of cells of the m}-eloid series. The oxydase stain apparently repre- 
sents the first successful method for the histoehemical demonstration of en- 
zj-matic activity. The microteelmieal visualization of alkaline phosphatase 
aetimty bj* Takamatsu* and Gomori^ suggested that a study be made of alkaline 
phosphatase in films of human blood and bone maiTon* under normal and 
pathologic conditions. 

ilETHOD 

The technique used was essentially Gomoiu’s method as modified by Kabat 
and Furtlr* with small alterations." Dried blood or bone marrow films were 
covered for a few seconds, without further fixation, by a solution containing 
0.25 Gm. celloidin in 50 c.e. absolute alcohol and 50 e.c. ether. They were then 
dipped into 95 per cent alcohol, washed in distilled water, and incubated for from 
ten to fifteen hours at 37° C. in a solution made up freshly each time and con- 
taining 10 c.c. of a 3.2 per cent sodium glycerophosphate 5 HoO,® 10 c.e. of a 
10 per cent barbital sodium (sodium diethyl barbiturate) solution, 10 c.c. of 
m/10 magnesium suHate, 15 e.c. of a 2 per cent calcium nitrate solution, and 
55 c.c. of distilled water. It is advisable to keep the glycerophosphate and so- 
dium barbiturate stock solutions in the refrigerator. The slides were then 
washed in water containing a few cubic centimeters of the calcium nitrate solu- 
tion, transferred into a 2 per cent cobalt nitrate solution for five minutes, and, 
after thorough washing in tap water, brouglit into a Coplin jar containing a 
few drops of ammonium sulfide. The tissue phosphatase liberates inorganic 
phosphate from the suhstratc, which is precipitated by calcium ions present in 
the incubating .solution; the inorganic phosphate combines with the cobalt 
nitrate to fonn cobalt phosphate. The cobalt phosphate is then transfoimed 
into black cobalt sulfide. 

Preformed calcium prc.sent in tissue sections also leads to black deposit.s. 
It was nccc.ssarj-, therefore, to incubate sections in a mixture without glvcero- 
pbosphato. However, repeated controls of this kind did not demonstrate anv 
n^cific staining in blood films. YThenever possible, three slides were used. 
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One was studied without counterstain; one was counteretained for several sec- 
onds in a 0.5 per cent aqueous solution of basic fuelisin; and another was 
countei-stained with Harris hematoxjdin for one minute and tliirty seconds with 
a 0.5 per cent alcohol solution of eosin. It was ncee.ssary to study unstained 
.slides, since any counterstain will cover small amounts of dark deposits in- 
dicative of a weak phosphatase activity. Unless mounted with clarite or a 
similar medium, the stain will fade in a .short time. 

In contrast to the oxwdase reaction, the phosphatase reaction in blood films 
could be demonstrated even in one-year-old slides in cells which contained 
large amounts of phosphatase (that is, leucocytes in infections).- In the pres- 
ence of only small amounts of phosphatase, the enzyme was no longer demon- 
strable after several weeks. It is advisable, therefore, to use fresh pi-eparations. 


RESULTS 

Normal Subjects . — The blood of twenty-eight subjects was examined. All 
had normal red blood cell counts as well as normal amounts of hemoglobin. Eed 
blood cells, Ijunphoeytes, monocytes, and eosinophilic leucocytes did not show 
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any phosp}iata.se activity. Among the neutrophiles, a varying number of cells 
was found to contain alkaline phosphatase (Table I). The number of positive 
cells varied considerably on different days in the same individual and even 
during the same day in the same sub.iect (Table II). 

The ma.iority_of the neutrophiles of normal individuals revealed, only weak 
phosphatase actiiity. Usually only small portions of the cj’toplasm showed 
small black deposits; however, in some cells the ivhole cytoplasm stained black. 
The reaction in the nuclei varied. Usually the nuclei revealed no, or only slight, 
activity. 'Occasional cells showed activity only in the nuclei and none in the 
cytoplasm. 

Bone marrow films from four normal sub,iects were examined for phos- 
phatase activity. The application of the phosphatase stain to bone marrow 
preparations, however, was not as satisfactoiy as to blood smears. Not infre- 
quently uneven staining was observed. Groups of cells showed activity while 
a .similar type of cells, when more i.solated in other field.s, appeared to be devoid 
of phosphatase. Occasional nucleated red cells, eridhroblasts as well as normo- 
i)lasls, showed activity in their nuclei. However, the majority of these cells was 
phosphatase negative. Heaakaiyocytes were, as a rule, negative. Among the 
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mj'eloid elements, only polymorphonuclear, as well as occasional juvenile leuco- 
cytes, mostlj' stab forms, showed moderate acti\aty. In each single case, the 
number of positive cells in the bone marrow was greater than in the peripheral 
circulation (Table III). 

Patients ^yitll Infection . — Blood films from thirty-two patients suffering 
from different kinds of infections were examined, several repeatedly (Tables lY 
and V). As with the blood of normal individuals, Ijunphocytes, monocytes, and 
eosinophilic leucocytes did not show phosphatase activity. Ulost of the neuti-o- 



Fig. 1.— Tno neutrophilic leucocytes showing strong phosplmtase ncthity in a patient with 

pneumonia. ( X 1000. ) 
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Pig. 2. A polymorphonuclear leucocyte showing strong phosphatase activity in higher magnifica- 
tion. (X2000.) 
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p)iile.s in the circulating blood tvere .strongly positive. Tliey contained very 
large amounts of phosphatase (Fig. 1). Phosphatase 3va.s found in both nuclei 
and cytoplasm. In many cases the latter contained di.stinctly more enzynne. In 
cells "of 'tlTi.s kind, the nucleus stained lighter than the cytoplasm and stood out 
again.st the dark background (Fig, 2). Frequently the whole cells were dif- 
fusely blackened ivitliout any recognizable detail. Polymorphonuclear and 
.iuvenile neutropliilcs participated in this reaction. 

In .seven jjafiems (Table V) with marked lcucocytosi.s, the usual large num- 
ber of int('iisi\fly imsitiveJcueocytes was found in the blood stream at the height 
of the infoetion. With the return of the white cell count to normal, there wa.s 
also .1 marked deereaso in the proportion and number of positive leucocytes. 
Not only did the inunher return to norni.al limits, but the amount of enzematie 
•u't’nily in the .single cell mus likewise markedly decrea.scd, approximating the 
amonnt.s found in the blood cells of nonnal individuals. 

The eonstant and strong reaction of the leucocytes in the blood stream of 
patients siifiering from different infections suggested that examination he made 
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of purulent exudates. Exudates from different sources were available. In all 
cases the exudates contained predominantly poljTnorphonuclear leucocytes. The 
phosphatase stain revealed a uniform picture. After treatment with ammonium 
sulfide the slides took a dark color. Under the microseope, nearly all cells were 
found to contain large amounts of enzyme (Pig. 3). The nuclei frequently 
showed more activity than the cytoplasm. The disintegrating leucocytes lib- 
erated large amounts of enzyme which formed amorphous black deposits. 

In five cases bone man-ow films were examined. The neuti’ophilic leuco- 
cytes, including polymorphonuclear and juvenile (stab and metamyeloejde) 
forms showed frequentlj- very much stronger activity than observed in cells 
from normal bone marrow (Pig. 4). Apparently a somewhat greater number 
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of cells showed faint activity than those seen in eounterstained slides) since in 
unstained preparations more cells, including myelocytes, showed occasional 
slight actmty in their nuclei. Nucleated red blood cells were more often phos- 
phatase positive and very occasionally the nucleus of a megakarj'ocyte showed 
faint aetiwty. As observed in normal subjects, the bone marrow contained 
more positive cells than the peripheral blood (Table YI). 



I'lp ■-™J'"°n>l>onuclear leucoote^ In the spinal tluM or a patient tvlth meningococcus men- 
ingitis showing marked phosphatase activity. (XIOOO.) 
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Eosinophilia: Blood films from five patients Avitli marked eosinophilia were 
available. One patient showed pronounced eosinophilia after pneumonia. In 
two patients the diagnosis of trichinosis was established and in the remaining 
two trichinosis was suspected. The total white counts varied between 6,550 and 
20,000. The differential count showed between 21 and 42 per cent eosinophilic 
cells. As seen in normal subjects and in blood fihns of patients with infections, 
eosinophilic leucocytes did not show anj' phosphatase activity. The number of 
phosphatase positive neutrophiles varied between 637 and 4,724 per cubic 
millimeter. 

Infectious Mononucleosis: Pour patients with infectious mononucleosis 
were studied. The white counts varied between 10,000 and 18,400. Between 7 
and 36 per cent of the circulating Avhite cells were atypical Ijmiphoejdes. Like 
the normal lymphocytes in the circulating blood, these cells did not show en- 
zjmiatic activity. In all four patient.s, neutrophilic leucocytes were partially 
positive. 

Acute Mychhlastic Leucemia: Blood films of fourteen typical instances 
of acute myeloblastic leucemia were available for studj’’ (Table VII). All the 
patients showed the marked anemia characteristic for this disease. Mj^eloblasts, 
l)romyelocytes, and myelocytes were constantlj’- devoid of any phosphatase ac- 
tivity. Only neutrophiles, juvenile as well as poljTnorphonuclear leucoejdes, 
showed a varying degree of activity. In three of the patients with acute myelo- 
blastic leucemia, no phosphatase positive cells could be found. 
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Chronic Myeloid Leucemia: Thiifeen tj’pieal patients were examined, some 
of them repeatedly (Table VIII). No phosphatase positive cells were found in 
six instances, while in one patient a small amount v'as observed on one occasion 
and none on another. In five other instances only between 0.5 and 3 per cent 
phosphatase-positive neutrophiles were found. Considering the large number 

























UJWKCT 


ALKALIKE phosphatase ACTIViry in blood 


and bone aiabrow cells 9 


Tabix \'1II 


nxutkophile 

LEUCOC^'TES 


o 

d 


M E 

a Z 
:£ a 


o S 




!C f* 

gg 

S“ 


> :c 

p - 


o 

a: 


§° 




il 


CO ^ 
a fa 

74 fa 

<= s 


?** J- 


>5 


0-? 
< z 


M 


UJ 

3 

S K 
S O 


> E 


O O 


^ z 


o - 

03 K 


£=. 

'a o 

g 

'o E 


CO 


Ut ' — ' 

X I; 
o z 
o ^ 


5 o 

- o 

x Z 


3 CO 


o 5 

3 5 


PHC 

PHAT 

posn 

:sEin 

PHU 


■c 1 

1 

w 1 

E 

2.0 

4.75 


25 

38 



4 

- 

o 

AI 

3.3 


48,200 

7 

34 

19,762 

24 


7 


P 

4.3 

11.8 


44 

36 


13 

- 

2 

4 

il 

3.8 

10.75 


23 

30 

48,760 

34 


3 

5 

M 

3.0 

8.7 


45 

36 

22,680 

12 

- 

- 

G 

M 

4.27 

10.4 

260.000 

48 

19 


24 

- 

- 


F 

3.8 

9.6 

m iiiii im 

34 

42 


5 

1 

2 

8 

M 

3.5 


^ ntiu il 

52 

14 


mm 

- 

16 

9 


3.2 

8.7 

■E Kti fl 

50 

21 


lo 

4 

2 

30a 

M 

2.0 

5.0 

K mil fl 

14 

EBl 


14 

1 

- 

10b 


2.4 


K i^li 1 

29 

54 

54,697 

1 

- 

- 

lla 

•F 

3.0 


340,000 

19 

Etil 


24 

2 

3 

31b 

F 

3.8 

9.7 

11 1 !■ 

EH 

47 

317,550 

5 


- 

12 

11 

4.58 

12,4 

Im ^ 1 fl 

38 

24 

36,890 

23 

- 

2 

33a 

F 

2.9 

7,7 

mti uiSI 

52 

27 

2,370 

3 

- 

- 

13b 

F 

3.0 

9.4 

13,500 

52 

12 


2 

- 

- 

13c 

F 

3.7 

9.7 


24 

47 


10 

- 

- 

130 

F 

3.0 

8,05 


19 

40 

50,858 

19 


1 


2 

10 

1 


3 

5 

3 


10 


2 

6 

1 

1 

2 

13 

2 

6 

10 

10 


2 

13 

1 

1 

7 
4 
2 
1 
1 

13 

14 
1 

4 
2 

11 

20 

8 

5 


0.5 
7 - 


15 

3 


0.6 

3 

0.5 


of neutrophilic leucocj’tes in the blood, even these patients showed a marked de- 
ficiency in phosphatase-positive cells. 

In the blood films of only two patients (Subjects 2 and 7), the proportion 
of pliosphalase-positivc leucocytes was within the range found in the blood of 
normal suljjects. In unstained preparations, white cells, including inyelocAi;es, 
showed occasionally faint activity of their nuclei. These cells showed no. ac- 
tivity in the cytoplasm. They Avere not included in the differential counts, since 
the application of the counterstain cOA'cred this slight activity. The counter- 
stain was, however, o-sscnlial in order to visualize the phosphatase-negative un- 
stained elements. 

Xonhuccinic Myelosis; A patient with nonleucemic myelosis appeared to 
I'c of special interest. A .oG-year-old housewife was knoivn to have had a mark- 
edly enlarged spleen for at least eighteen years. The presence of a leucomoid 
hlnod i>ifture was o.stahlishod for the finst time seven yearn before death. A 
splenectomy was performed fourteen months before death. Prior to the 
splenectomy, the wldtc connts had been only moderately elevated Avith the con- 
slant incscnce of nucleated red blood cells. At the time of death, roentgen ray 
evidence of sclerosis of the bones Asms definitely present. The protracted clin- 
ical course, the moderately elevated Avhitc blood count Avilh a comparatively low 
1>roportion of primitive cells, the constant presence of nucleated red blood cell.s 
tlie <'hroi\ie s]dcuonicgaly, tiie roentgen ray evidence of o.steosclerosis, and the 

histologic changes in the .spleen Avere fully compatible Avith the diagnosis of non 
leuecmic myelosis.''^' 

blood eoniit taken one .vear after the splenectomy showed G.l million red 
blood cells. l(;.4r. Oni. hcnioglobin. and 47,000 widte idood cells, of Avhich 3S,9oC 
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were neutropliilic polymorphonuclear and juvenile leucocytes. Fifty-seven per 
cent of the polymorphonuclear and juvenile leticocjdes, or 22,301 cells per cubic 
millimeter, were phosphatase positive. The blood contained at that time 47,500 
nucleated red blood cells, all of which were phosphatase negative. About six 
weeks later, the patient was admitted to the hospital because of the sudden onset 
of severe pain in chest and abdomen. A blood count now showed 5 million red 
blood cells, 13.85 Gm. hemoglobin, and 131,000 white blood cells, of which 75 
per cent were neuti’ophilic poljTnorplionuelear and juvenile leucocytes, or 98,250 
cells per cubic millimeter. Fifty-one per cent of these cells, or 50,107 per cubic 
millimeter, showed phosphatase activity (Fig. 5). In addition the blood con- 
tained myelocj'tes, myeloblasts, and 94,000 nucleated red blood cells per cubic 
millimetSr. None of these cells, with the exception of a few nonnoblasts, showed 
enzymatic activity. Onbv observation of other patients Arill show whether the 
phosphatase reaction can be of help in the differentiation of chronic myeloid 
leiicemia from so-called nonleucemie myelosis. 



Fiij 5. — Chronic nonleucemie mjelosis. Several neutrophilic leucocytes showing phosphatase ac- 
tivity, Myelocyte in the right lower comer does not show phosphatase (XlOOO.) 

Lymphatic Leucemia; Thirteen patients with typical clmonic lymphatic 
leucemia were studied (Table IX). No interference with the enzjmiatic activity 
of neutrophilic leucocjdes in lymphatic leucemia was found. The Ijunphatic 
cells present in the circulatoiy peripheral blood did not show any activity in 
twelve instances. Only in Subject 6 did the majority of the leueemic lympho- 
cytes show a moderately strong reaction in the nuclei. 

Anemia and Erythroblastosis Fetalis: The blood slides of fifteen patients 
with anemia and erythroblastosis fetalis were examined (Table X). The nu- 
cleated red cells, eiythroblasts as well as normoblasts (basophilic, polychromatic, 
and orthochromatic normoblasts), found in the blood films of several of these 
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patients -were, in the majority, devoid of phosphatase activitiL This was equally 
true for the occasionally occurring nucleated cells in cases of leucemia as well 
as in the previously discussed case of nonleucemic myelosis. However, in one 
patient with erythroblastosis fetalis most nucleated cells showed phosphatase 
activity. The positive cells were best seen in preparations in which no counter- 
.stain was used. The activitj* was always limited to the nucleus. 

Bone marrow films from several patients ivith normocj'tic and with macro- 
cj’tic (pernicious) anemia showed activity in varying amounts of white cells 
and in a fair number of nucleated red cehs. The nuclei of megaloblasts as well 
as of proerj'throblasts showed a varying degi'ce of mostly moderate activity. 

Different Animals: Blood films from the frog, chicken, rat, guinea pig, 
rabbit, and dog were examined. The blood cells of the chicken did not contain 
alkaline phosphatase, klany of the nucleated red cells in the frog showed 
marked activity. No activity was found in blood films from the dog and mouse. 
Jlost of the poljTnorphonuclear (heterophiles) leucocjdes in flie blood of guinea 
pigs, rats, and, rabbits showed verv' strong activity. The amount of activitv- 
was comparable to that seen in poh-morphonuclear leucocytes in human blood 
of patients with infectious leueocytosis. The other cells were negative in these 
species. 

Lymph Nodes: In order to study hmiphatic elements at the site of their 
fonnation, touch preparations from surgically removed tonsils as well as lymph 
nodes not involved by disease were made. The Ij-mphocytes in these prepara- 
tions showed a var>-ing behaN-ior. In some, the nuclei were markedly positive, 
while in the majority only some chromatin particles of the nuclei showed moder- 
ate activity. A van-ing number of h-mphoeyfes was found to be completelv de- 
void of cnzvTnatic activity. 
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COMAIENT 

Enaiones in AvHte blood cells, apart from oxTflase and peroxydase, have 
provoked much interest. Proteolytic ferments/®-^® amylase,”- maltase,’® 
glycolytic enzj-me,'=-« lipase,”- ”• catalase, and nucleotidase” have all been 
demonstrated. They occur apparently in considerably larger quantities in leuco- 
cytes than in lymphocytes.^' Different enzymes have also been found in leu- 
cemic blood cells.®^- 

The fact that the formed elements of the blood contain a phosphatase ester- 
splitting enzj-me was found verj* soon after phosphatase activity was demon- 
strated in blood serum. While phosphatase of the red hlood cells exerts it.s 
optimal activity in an add medium (ph 4.8 to 6.1), the leucocjdes were found 
to contain a phosphomonoesterase whose optimal activity is around ph 9, like 
that of the blood serum.”'”- This phosphatase activity of leucocytes was 
found to be only weak by Fiessinger and Boyer^® but very marked by all other 
investigators in the leueocjdes of man and different animals. 

Weak activity was reported in the leucocytes of a case of myeloid leucemia 
by Fiessinger and Boyer. Iwatsuru and Nanjo’* fotind, however, strong phos- 
phatase activity in the hlood of a patient with myeloid leucemia. Normal va^es 
were found in the hlood of a patient with acute Ij-mphatic leucemia.®' '^he 
Japanese investigators” stated that not only neutrophilic but also eosinophEic 
leucocj-tes contain large amounts of alkaline phosphatase. Their results have, 
however, been doubted because of methodical reasons by Albers.” Albers found 
normal phosphatase values in the serum of lymphatic and myeloid leueemias. 

In tissue sections strong alkaline phosphatase actinty of leucocytes was 
obsen-ed fay Gomori in rabbits and guinea pigs®® and by Fell and Danielli in 
rats.®’ Leucocytes are also frequently pho^hatase positive in tissue sections 
from human material. In blood films of the chicken, dog, and mouse, no activity 
was found, while in guinea pigs, rabbits, and rats most of the poljTUorphonu- 
clcar leucocytes (heterophiles) were strongly positive. Gomori found that in 
blood films, the leueoc^ncs of guinea pigs were constantly positive, while those 
of the rat, rabbit, and-ground hog were only occasionally the site of phosphatase 
activity.” The nucleated red cells of frogs .showed, in the majority, strong 
nctirity. This is in good agreement with tlie observations of Bapoport and co- 
workejs,*’ who found strong phosphatase activity in frog blood on chemical ex- 
amination. Contrary to Gomori , we found the leucocj'tcs of human blood to 
reveal piwsphafasc activity in varying degrees. 

By chemical method.s phosphatase acti%-ity was found in the bone marrow 
of tlic mouse.” The findings in tissue sections are somewhat contradictory. 
Bourne” found most of (he nuclei of bone marrow cells positive, while Taka- 
matsu® and Knl)at and Furth,- on the other hand, reported the bone marrow 
cells to be mostly devoid of phosphatase actirily. 

In mouse Ij-mph nodes, a moderate amount of alkaline phospliatase activitv 
was found by chemical examination.” This agrees well with the moderate phos- 
ifimtasc activity noticed in touch preparations and paraffin sections from human 
lymph nodes and tonsils. However, in parafiin sections from human material. 
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lymphocytes are found to show activity not only at their site of formation, but 
also in foci of chronic inflammation. The fact that lymphocytes in the circulat- 
ing blood are negative, hut in the tissues frequently positive, has been stressed 
by Gomori. 

/ The markedly increased phosphatase activity of blood cells in inflammations 
is interesting. With the subsidence of i the inflammatoiy process in the body, 
the intensity of the phosphatase reaction in pobunorphonuclear leucocytes de- 
creases considerably. In contrast to this phenomenon is the behavior of the 
circulating leucocytes in chronic myeloid leucemias. In spite of the overproduc- 
tion of not only immature, but also mature, leucocytes, these cells appear to be 
deflcient in phosphatase activity. The changes of phosphatase activity in leuco- 
cytes under abnormal conditions pose the question of the possible significance of 
alkaline phosphatase activity. 

According to Albers,''^ phosphatase i^ present in all cells in which carbohy- 
drate metabolism takes place : in plants, in organs of lower and higher animals, 
as well as in monocellular organisms. Because of the importance of the phos- 
phoric acids for many metabolic processes, phosphatases are one of the most 
•widely distributed enz3TOe groups. Substrates are carbohydrate-phosphoric acid 
esters, phosphoproteins, phospholipids, and nucleinic acids. 

Not too many specific functions, however, have been attributed to the 
phosphatases. It is probable that they are of great importance for the cal- 
cification of living and recently necrosed tissue.^® The wealth of the alkaline 
phosphatases in the corte.v of the kidnej’’, as well as the intestines, has led to 
the assumption that the enzyme is concerned vdth the transportation of carbo- 
hj’^di'ates thi-ough the kidney tubules and intestinal mucosa.^®' Under certain 
conditions, such as intoxication with uranium nitrate,*' hydronephrosis,*®’ *® 
choline deficiency,® and scur\y,*° decrease in alkaline phosphatase of the Iddnej’- 
has been described. In tissue sections stained for alkaline phosphatase, a veiy 
striking activity of the vascular endothelium is seen.*’ ®’ *“’ *® 

While the liver, probably the main site for the excretion of alkaline phos- 
phatase, contains only small amounts of this enzjune under normal conditions, 
very marked increase occurs in protein deficiencj’’, probablj’- due to altered 
cell metabobsm.®" y 

Since the introduction of the Warburg technique, the metabolism of leuco- 
cytes from exudates as well as from normal and leucemic blood has been re- 
peatedly examined. The previous work has been criticallj’’ reviewed bj’ 
Kempner.®* On the basis of the finduigs in the literature, as well as of his ex- 
periments, Kempner concludes that immature leucocytic cells, both of lymphatic 
and myeloid origin, have a purely oxidative metabolism without any aerobic 
lactic acid formation. In contrast, the more mature granulocytes show strong 
lactic acid formation under aerobic conditions. This is interpreted not as a sign 
of a malignant quality of these cells, but rather as an expression of their aging 
and possible damaging influences of the experimental eonditions. No significant 
changes are present between granulocytes from normal and leueemic blood.®® 
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These findings are especially interesting in view of the different beha-snor 
of the phosphatase reaction in granulocytes from exudates and of blood during 
infection, on one hand, and in granulocytes from leucemic blood on the other. 
The marked increase in alkaline phosphatase activity in the former group in- 
dicates apparently the intensification of metabolic processes which are taking 
place to a lesser degree in granulocjdes of normal blood and are markedly de- 
pressed or lacking in leucemic blood cells. 


SIIMM.VRY AND CONCLUSION 

In films of normal human blood, a var3Tng proportion of neutrophilic leuco- 
cytes showed alkaline phosphatase aetmty. The number of positive cells, as 
well as the intensity of the reaction, increased markedly in infections. The leu- 
cocytes in purulent exudates showed strong activity. In boiie marrow prepara- 
tions from normal individuals, as well as from those suffering from infections, 
a much larger proportion of positive reacting cells was found than in the 
circulating blood, suggesting that phosphatase activity is already acquired 
by the leucocytes in the bone marrow. Eosinophiles, as well as lymphocytes, 
including the abnormal Ijunphocytes seen in infectious mononucleosis, are devoid 
of phosphatase actimty. In twelve of thirteen patients with lymphatic leucemia, 
the leucemic cells showed no phosphatase activity. In fourteen patients with 
acute' my eloblastic leucemia, the immature cells were phosphatase negative and 
there was apparent lack of activity in the remaining granulocytes in two 
patients. The depression of aetmty in neutrophiles was more marked in pa- 
tienfs with chronic myeloid leucemia, only two of thirteen showing phosphatase 
activity in these cells comparable to that seen in normal blood films. In one 
instance of nonleucemic myelosis, many granulocytes gave a strong phosphatase 
reaction. Circulating nucleated red blood cells showed only occasional actimty 
in their nuclei. These cells were mostly phosphatase negative in bone marrow 
I)rcparations from noimal subjects but were more frequently the site of en- 
'/.jinatie activity in bone marrow of patients suffering from infections as well 
as from different kinds of anemias. 

Among different animals, the neutrophiles (heterophiles) of the guinea 
pig, rat, and rabbit, and most of the nucleated red cells of the frog showed 
strong alkaline phosphatase acti\-ity, while the blood cells of the chicken, mouse, 
and dog were negative. 

The increased enzjmatic actiiity in neutrophiles under inflammatoiy stim- 
uli signifies probably increased cell metabolism. "While no practical application 
of the phosphatase reaction for hematologic purposes can so far be recognized, 
the depression in activity in the granulocjdes of chronic myeloid leucemia is of 
some interest. * " 
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THE EFFECTS OF ADRENALIN AND NEMBUTAL ANESTHESIA ON 
BLOOD CONSTITUENTS BEFORE AND AFTER SPLENECTOMY 

K. G. Wakim, M.D., Ph.D. 

Indianapolis, Ind. 

With Experimental Collaboration of J. W. Mason, B.A. , 

W HILE malcing observations on members of. a party taking a voyage to the 
Peruvian Andes, BarcrofU noted an increase in the eoncentration of hemo- 
globin on crossing the equatorial zone and a decline on arriving in colder regions. 
After some deliberation, he suspected that the spleen might be a hiding place 
for blood — a hypothesis which Barcroft and associates^'® have amply proved by 
careful experiments on laboratory animals. By the use of x-ray and by methods 
involving exteriorization of the spleen, they demonstrated that the spleen con- 
tracted following hemorrhage, exercise, and death. In addition to other findings, 
the delayed saturation ivith carlion. monoxide of -the hemoglobin in the spleen 
led to the conclusion that the spleen serves as a blood reservoir. In dogs, they 
reported that upon contraction, the spleen squeezes into the general circulation 
an amount of blood equal to about one-fifth of the total blood volume. 

In the light of the discovery of this function of the spleen as a blood reser- 
voir, one can clearly understand the basis for the wide ranges in weight of the 
spleen as given in standard textbooks of anatomy. One book’ sets the range be- 
tween 50 and 400 Gm. while another® puts it between 80 and 300 Gm. In a 
study of initial and maximal volumes of twenty spleens from unembalmed bodies 
at post-mortem examination, Wu® found the potential capacity available in tlie 
spleen for storage of blood to range from 60 to 400 c.c. Since the spleens were 
from elderly individuals and since with senescence the expansibility and con- 
tractility of the organ diminishes, he stated that the capacity of the "normal” 
spleen to serve as a blood reservoir should be greater than his findings indicated. 

In normal individuals, in patients with splenomegaly, and in spleneetomized 
patients, Yang’® made a study of the hemoglobin concentration and the red, 
white, and 'differential cell counts before and after subcutaneous injection of 
from 0.5 to 1 c.c. of 1 :1000 adrenalin. He observed a marked decrease in the 
size of the organ in patients with splenomegaly and a definite increase in hemo- 
globin concentration and in the red and white cell counts during its contraction 
following adrenalin injection. The increase in red cell counts ranged from 
' 430,000 to 1,100,000 ; that of hemoglobin, from 4 to 20 per cent ; and that of the 
white cells, from 5,000 to 27,000. In normal individuals the increase in blood 
constituents was not as marked as in those with enlarged spleens. Splenec- 
tomized patients showed no increase in hemoglobin or red cells after adrenalin 
injection, but the white cells showed increases ranging from 2,000 to 10,000. 
These increases in blood constituents were attributed to contraction of the spleen 
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foUoiving administration of adrenalin. In another communication, Yang and 
Chang" stated that accompanying the polyc 3 rthemia and splenic contraction, pro- 
duced° by subcutaneous injection of adrenalin into normal and splenomegalie 
human subjects, there was no appreciable change in blood volume. Their 
splenectomized patients showed no significant polycythemia following injection 
of adrenalin. In studies similar to those of Yang, Benhamou^^ observed that 
upon administration of adrenalin, moderate but transient increases in the red 
cell counts and platelets occurred except in the splenectomized patients. /The 
lack of increase in cell counts in the splenectomized patients was attributed to 
the absence of the spleen. In all patients, however, Benhamou noted a per- 
sistent leucocytosis and, consequently, concluded that the contraction of the 
spleen played no role in the increase of white cells. 

In a study on splenomegalie patients and on three individuals after splenec- 
tomy, Schenk” obtained, in every instance, a rise in the red cell count, the white, 
cell count, and in the hemoglobin concentration following subcutaneous admin- 
istration of from 1 to 2 mg. adrenalin. In his observations on a series of pa- 
tients with hemolytic jaundice and macrocytic hemolytic anemia, 'Watson** re- 
peatedly noted that subcutaneous injection of adrenalin produced a marked in- - 
crease in the number of circulating erj-throeytes which w'as usually associated 
with an obvious shrinkage of the enlarged spleen. At the time of splenectomy 
for various diseases, Watson and Paine*'^ studied the hematocrit, hemoglobin 
concentration, and the erythrocyte content of venous blood from the spleen 
before and after injection of adrenalin into the splenic artery. They obtained 
a marked increase in the erythrocj-te content after administration of adrenalin. 
However, this increase in red cell count was associated with a decrease in mean 
corpuscular hemoglobin concentration. They attributed the decrease in hemo- 
globin to a possible intracorpuscular degradation of a fraction of the hemo- 
irlobin within the erythrocytes during their sequestration in the spleen. They 
observed fiiat under the influence of adrenalin the contraction of the spleen was 
so marked in some cases that it facilitated the delivery of an enlarged spleen 
ihrougli the abdominal incision. In a study of the effect of subcutaneous injec- 
tion of adi-enalin on blood constituerrts in patients before and after splenectomy, ' 
Patch and Daland”' obtained no significant change in the red ceU coimt, hemato- 
crit or hemoglobin concentrations. In all cases, however, they obtained a leueo- 
cytosis which was not any different in patients with spleens than in those after 
splenectomy. They concluded that the changes obserwed were not due to con- 
traction of the spleen but to a mechanical alteration in the blood stream. They 
suguested that the white cells lying along the periphery of blood vessel wall.s, 
or pooled in inactive beds, were thrust into the axial stream by active contrac- 
tions of the blood vessel or by an increased velocity of the axial stream. In a pa- 
tient liaving both anemia and splenomegaly, Jliflcr and Rhoads’* induced and, 
by the nve of x-ray, observed contraction of llie spleen by intravenous injection 
of liver extract and by intramu.scnlar injection of adrenalin, histamine, or 

• 'crme. A marked increa'^o in the cellular elements of the blood followed the 

• onliaction of the spleen. By moans of .x-ray they observed that an intramuscu- 
lar ui.teelion of 1 c.e. of adrenalin canned contnicfiori of (he spleen from an area 
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of 109.0 sq. cm. to an area of 48.7 sq. cm. Accompanying this splenic contrac- 
tion the concentration of hemoglobin in the circulating blood increased 19 per 
cent and the white blood cells increased 172 per cent. 

In a monograph on the physiology of the spleen, Lauda^® cited evidence in- 
dicating that contraction of the spleen is an important factor in the production 
of an increase in the red cell count after injection of adrenalin and that the 
erythrocytes from the splenic vein are less resistant to hjq)otonic saline than 
those from the splenic artery. Lauda and Haam’*’ reported that in dogs under 
chloralose anesthesia the increase in the red cell content of the blood is brought 
about by the outpouring of blood from the contracting spleen upon injection 
of adrenalin. They stated that chloralose anesthesia leads to engorgement of 
the spleen. In splenectomized animals, they obtained no increase in the red 
cell content of circulating blood upon administration of adrenalin. They ob- 
served that in the rat the blood reservoir function of the spleen is of much 
smaller magnitude than it is in the dog. Bergenhem and Fahraeus-” suggested 
that the resen'oir function of the spleen is not primarily for keeping a portion 
of the blood out of circulation as a reserve, but that along %vith this, a chemieal 
change is produced in lecithin leading to the formation of lysolecithin, Avhich 
plays an important role in the destruction of red blood cells. Sehafer and 
Moore®^ obtained marked contraction of the spleen upon administration of ex- 
tracts from the adrenals. Lim and Hou*== demonstrated that both the denervated 
and the innervated halves of the divided spleen in dogs contracted during ex- 
ercise as a result of the liberation of adrenalin. 

By direct transillumination of the mammalian spleen in vivo, MacKenzie 
and associates’® obseiwed that adrenalin causes a I’apid emptying of the erythro- 
cytes from the splenic pulp. Edmunds and Stone’* obtained an increase in 
white blood cells, red blood cells, and hemoglobin concentration after injection 
of adrenalin into dogs in the presence of the spleen as well as after splenectomy. 
Prey” reported that the characteristic leucocytosis in intact rabbits, after admin- 
istration of adrenalin, disappeared after splenectomy. However, in guinea pigs, 
removal of the spleen had no effect on the response. He reported on a splenec- 
tomized patient in whom leucocytosis was obtained after administration of 
adrenalin. Cruickshank” observed that in cats the incx-ease in hemoglobin con- 
centration of the fluid expelled from the splenic pulp ,upon stimulation of the 
nerves along the splenic artery, amounted to from 20 to 40 per cent above that 
of normal peripheral blood. He stated that the amount of blood which could 
be expelled into the general circulation by contraction of the spleen resulting 
from stimulation of the splanchnic neiwes ranged from 2.6 to 5.6 per cent of 
the total blood volume of the animal. This amount was double the post-mortem 
weight of the spleen. 

Several investigators”’” reported that, upon administration of adrenalin, 
the intrahepatic vessels are constricted and the circulation of the liver is im- 
peded with a consequent increase in lymph flow and in transudation of fluid. 
This gave suppoi-t to the suggestion that, upon injection of adrenalin, the spleen 
expels chiefly corpuscles into the general circulation, while tlie plasma whicli 
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accompanies the corpuscles is absorbed during its passage through the liver and, 
consequently, the circulating blood volume is not increased. McLaughlin sug- 
gested that the constriction of the smooth muscles in the walls of the hepatic 
veins increased the filtration pressure and caused a greater production of lymph. 
Lamson stated that constriction of the hepatic veins with loss of plasma con- 
tributes to the increase in red blood cell counts and hemoglobin concentration 
following administration of adrenalin. 

"We have frequently observed a striking increase in the size of the spleen 
at laparotomy performed on dogs anesthetized with nembutal (pentobarbital 
sodium). Furthermore, it has been reported that during anesthesia with bar- 
biturate compoimds the circulating red blood cells are decreased.®^'^* After out- 
lining the spleen with pellets of lead, Hausner, Essex, and Mann^^ observed by 
means of roentgenograms that anesthesia with barbiturates caused marked en- 
largement of the spleen. They also found a definite reduction in the number 
of erythrocjdes and in the concentration of hemoglobin in the peripheral blood. 
In their study of the ^effect of acute hemorrhage in intact and splenectomized 
dogs under anesthesia with pentobarbital sodium, Carr and Essex®® reported that 
acute hemorrhage in the splenectomized dog caused a rapid decrease in the con- 
centration of hemoglobin, while in the intact dog acute hemorrhage produced 
an increase followed by a slow decrease in the concentration of hemoglobin. 
They obtained practically no decrease in concentration of hemoglobin by an- 
esthetizing splenectomized dogs with pentobarbital sodium. 

The purpose of this study was to investigate the effects of adrenalin on the 
blood constituents in dogs under nembutal anesthesia and without anesthesia be- 
fore and after splenectomy. We were interested in securing data that might 
help answer the following questions: (1) Would adrenalin increase the blood 
cell count and the hemoglobin concentration after surgical removal of the 
spleen? If so, to what extent? (2) Would adrenalin have any effect on the 
concentration of total plasma proteins in the presence, as well as in the absence, 
of the spleen? (3) What is the difference in concentration of the various con- 
stituents in blood from the external jugular and from the splenic veins during 
contraction of the spleen under the influence of adrenalin? (4) Would nembutal 
anesthesia bring about hemodilution after splenectomy? (5) What effect would 
nembutal anesthesia have on the concentration of plasma proteins before and 
after splenectomy? 

METHODS 

Six adult healthy dogs weighing between 7 and 10 kilograms kept under 
identical laboratory conditions were used in this study. The hair on the ventral 
surface of the neck was shaved and blood samples were withdranm from the 
external jugular vein and oxalated to prevent coagulation. The red and white 
cell counts were mode by the usual procedure using Havem solution for the red 
count and 1 per cent acetic acid for the white count. The concentration of hemo- 
globm dclcrmincd by the use of the Shcard-Sanford®^ photelomctric method, 
ihe total plasma proteins were determined by the micro-Kjeldahl method 
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Three times a week, control values of the red cell count, wliile cell count, 
hemoglobin concentration, and plasma protein concentration w^ere determined 
on each of the dogs used in this study. After control values were established, 
similar determinations were made on the same dogs immediately before and to"- 
ward the end of the second minute after an intravenous injection of 0.5 c.c. of 
1 ;1000 solution of adrenalin hydrochloride. After the effects of adrenalin alone 
were established, another 'series of determinations Avas made on each of the dogs 
as folloAA's : Control blood samples Avere AvithdraAvn, after AA'hieh the animal Avas 
given, per kilogram of bodj’’ Aveight, 30 mg. of nembutal in physiologic saline, 
intraperitoneally. Half an liour later, AA’hile the animal Avas under nembutal 
anesthesia,"^ another sample of blood AA'as AA’ithdrawn and Avas folloAved by an 
intravenous injection of 0.5 c.c. of 1:1000 adrenalin hydrochloride; before the 
end of the second minute after the adrenalin injection, another blood sample Avas 
taken. The same series of determinations — tliose for controls, those after adren- 
alin alone, and those after nembutal anesthesia and adrenalin — ^Avere repeated 
about one Aveek after splenectomy AA’as performed on each of the dogs used in this 
investigation. After laparotomy AA’as made under nembutal anesthesia, the outer 
surface of the spleen Avas computed before and after the injeetion of adrenalin 
and a blood sample Avas taken from the splenie A’cin AA'hile the spleen Avas con- 
tracting consequent to the adrenalin administration. 

The lateral surface of the spleen Avas determined by laying near its external 
surface a st,erile cloth and cutting it in line AA'ith the contour of the spleen. This 
Avas done before and after injection of adrenalin . Splenectomy Avas perfoi’med 
according to the usual standard surgical procedure and under aseptic technique. 
All six animals had an uneventful recovcrj'. 

RESULTS 

Changes in Concentration of Hemoglohinin Circulating Blood . — 

Before Splenectomy : Blood samples taken fi’om the external jugular vein 
about 100 seconds after the intravenous injection of 0.5 c.c. of 1 ilOOO adrenalin 
chloride solution into intact, unanesthetized dogs before splenectomy showed 
an average increase in hemoglobin concentration of 1.2 Gm. AA’ith a range of from 
0.6 to 2.8 Gm. per 100 c.c. of blood. Expressed in percentage, the increase in 
hemoglobin produced by adrenalin before splenectomy and Avithout anesthesia 
averaged 9.1 per cent, Avith a range of from 4.3 to 22.7 per cent over the control 
values. 

The same dose of adrenalin similarly administered into the same intact dogs 
under nembutal anesthesia produced a greater increase in the concentration of 
hemoglobin than it did Avithout anestlicsia. Expressed in grams, the increase in 
hemoglobin produeed by adrenalin under anesthesia averaged 3.5 Gm., Avith a 
range of from 0.9 to 5.0 Gm. per 100 c.c. of blood. Expressed in percentage, 
the increase in hemoglobin averaged 32.7 per cent, Avith a range of from 7.0 to 
53.8 per cent oA''er the values under anesthesia before adrenalin was administered 
(Tables I, II, and III). 

Nembutal anesthesia alone caused a reductioh in the concentration of 
hemoglobin in circulating blood. Thirty minutes after the onset of nembutal 
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Table II. f.ffeot of Nembutal Anesthesia on Conpentration of Hemoglobin in 
Circulating Blood Before and After Splenectomy 



BEFORE SI’LENECTOMY 



API’ER SFLENIX'TOMY 


HEMOGLOBIN CONCENTRATION OM./lOO C.C. 

HEM001.0BIN concentration GM./lOO C.C. 










% differ- 










ENCE BEFORE 



30 MIN. 




30 MIN. 



AND AFTER 


BEFORE 

AFTER 

DIFFERENCE 

BEFORE 

AFTER 

DIFFERENCE 

SPLENEC- 

DOO 

ANER. 

AXES. 

GM. 

% 

ANES. 

ANES. 

OM. 

1 % 

TOMY 

1 

14.2 

11.0 

2.7 

19.01 

12.4 

11.7 


5.64 

13.37 

2 

12.1 

10.6 

1.5 

12.4 

12.1 

11.7 


3.3 

9.1 

3 

14.2 

12.3 

1.9 

13.38 

12.7 

12.2 


3.93 

9.45 

. 4 

13.9 

10.9 

3.0 

21.58 

12.4 

11.9 

0.5 

4.0 

17.58 

5 

14.9 

12.8 

2.1 

14.09 

11.5 

11.2 

, 0.3 

2.6 

11.49 

6 

11.7 

9.3 

2.4 

20.51 

12.2 

11.5 

0.7 

5.74 

14.77 


Table III. Effects of Adrenalin With and Without Nembutal Anesthesia on Con- 
centration OF Hemoglobin in Circulating Blood Before and After Splenectomy 


% increase produced by adrenalin % increase produced by adrenalin 

WITHOUT anesthesia DURING ANESTHESIA 


DOG 

% BEFORE 
SPLENECTOMY 

% A^'TER 
SPLENECTOMY 

% 

DIFFERENCE 

% BEFORE 
SPLENECTOMY 

% AFTER 
KPT.ENECTOMY 

% 

DIFFERENCE 

1 

11.51 

2.22 

9.29 

33.90 

3.42 

30.48 

2 

5.30 

4.00 

1.30 

46.20 

5.98 

40.22 

3 

6.45 

2.74 

3.71 

35.70 

5.73 

29.97 

4 

4.35 

3.20 

1.15 

19.27 

3.36 

15.91 

5 

4.55 

1.53 

3.02 

7.03 

0.89 

6.14 

6 

22.76 

3.71 

19.05 

53.76 

8.70 

45.06 


anesthesia, blood samples taken from the external jugular vein of intact (not 
spleneetomized) dogs showed a reduction in hemoglobin averaging 2.3 Gm., with 
a range of from 1.5 to 3.0 Gm. per 100 c.c. of blood as compared with the con- 
trol values obtained before the administration of nembutal. This reduction in 
hemoglobin concentration expressed in percentage averaged 16.8 per cent, with 
a range of from 12.4 to 21.5 per cent, as compared with the control values be- 
fore anesthesia. 

After Splenectomy: After the same dogs were spleneetomized, administra- 
tion of adrenalin (same amount and route as stated previously) without nem- 
butal anesthesia produced an average rise in hemoglobin concentration of 0.4 
Gm., with a range of from 0.2 to 0.5 Gm. per 100 c.c. of blood. Expressed in 
percentage, the increase in hemoglobin concentration averaged 2.9 per cent, 
with a range of from 1.5 to 4.0 per cent over the control values before adrenalin 
was administered. Under, nembutal anesthesia, the same intravenous dose of 
adrenalin given to the same spleneetomized dogs produced an average increase 
in hemoglobin concentration of 0.6 Gm., -with a range of from 0.1 to 1.0 Gm. 
per 100 c.c. of blood. Expressed in percentage, the increase in hemoglobin 
averaged 4.7 per cent, with a range of from 0.9 to 8.7 per cent over the values ob- 
tained under anesthesia before adrenalin was given (Tables I, II, and III). 

' After splenectomy, nembutal anesthesia alone (under the same conditions 
as stated before removal of the spleen) caused a reduction in the concentratiejp 
of hemoglobin averaging 0.5 Gm., with a range of from 0.3 to 0.7 Gm. per 100 
c.c. of blood. Expressed in percentage, the reduction in concentration of hemo- 
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globin in. splenectomized dogs under tbe influence of nembutal anesthesia aver- 
aged 4.2 per cent, ■with a range of from 2.6 to 5.7 per cent, as compared with the 
control values before administration of the anesthetic. 

Analysis of the data indicates definitely that nembutal anesthesia caused 
hemodilution and reduction in the concentration of hemoglobin in intact as well 
as in splenectomized dogs; however, the hemodilution is greater and the average 
percentage reduction in the concentration of hemoglobin is four times greater be- 
fore removal of the spleen than after splenectomy. 

Changes in Red Cell Counts in Millions Per Cubic Millimeter . — 

Before Splenectomy: The intravenous administration of 0.5 c.c. of 1:1000 
adrenalin chloride solution "without anesthesia caused an average rise of 0.63 
million red cells per cubic millimeter, with a range of from 0.15 to 1.25 milbon 
in the total red cell count over that of the control. Nembutal anesthesia caused 
an average reduction in the total red cell count of 0.98 million per cubic milli- 
meter, "with a reduction range of from 0.80 to 1.14 million red cells per cubic 
millimeter. The same dose of adrenalin as mentioned, given one-half an hour 
after the onset of nembutal anesthesia, caused an average rise in the red cell 
count of 1.40 millions per cubic millimeter, -with a range in rise of from 0.55 to 
2.28 millions per cubic millimeter over the count taken under anesthesia before 
adrenalin was administered (Table I). 

After Splenectomy: After removal of the spleen, intravenous administra- 
tion of 0.5 c.c. of 1:1000 solution of adrenalin chloride "without anesthesia pro- 
duced a slight increase in the red cell count in five dogs ranging from 0.12 to 0.69 
million per cubic millimeter; in the sixth dog there was a slight reduction which 
is probably an error in the count, because the hemoglobin showed an increase as 
seen in Table III. After removal of the spleen, nembutal anesthesia still caused 
a reduction in the red cell count averaging 0.46 million per cubic millimeter, "with 
a reduction range of from 0.28 to 0.91 million red cells per cubic millimeter, as 
compared with the control red cell count before nembutal was administered. 
After splenectomy, the intravenous administration of the same dose of adrenalin, 
one-half an hour after the onset of nembutal anesthesia, still produced a rise in 
red cell count averaging 0.39 million per cubic millimeter, -with a range of from 
0.21 to 0.70 million per cubic millimeter, as compared with the count under 
anesthesia before adrenalin was administered. 

Comparison of the changes produced in the red cell counts before and after 
splenectomy indicates that before removal of the spleen the most significant 
change in the red cell count is produced by adrenalin when the animal is under 
anesthesia. In addition to hemodilution, nembutal anesthesia causes relaxation 
and engorgement of the spleen. This accounts, at least in part, for the difference 
in increase of the red cell count in the dogs before and after splenectomy under 
the influence of adrenalin and nembutal anesthesia (Table I). 

Changes in ^Vhitc Cell Counts in Thousands Per Cubic Millimeter. 

Before Splenectomy: The intravenous administration of Ofl c.c. of 1:1000 
solution of adrenalin chloride without anesthesia caused an average ri<^ of 3 4 
thousand, with a range of from 1.3 to 7.4 thousand in the total white cell count 
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above the control value. Nembutal anesthesia alone produced a reduction 
averaging 2.3 thousand, •with a range of from 0.9 to 3.9 thousand; as compared 
with the control count which was made immediately before the administration 
of the anesthetic. The same dose of adrenalin administered one-half an hour 
after the onset of nembutal anestliesia produced an average rise of 4.5 thousand, 
vdth a range of ’from 3.0 to 6.4 thousand above the count taken before the admin- 
istration of adrenalin (Table I). 

After Splenectomy : After removal of the spleen, intravenous administra- 
tion of 0.5 c.c. of 1 :1000 solution of adrenalin cliloride without anesthesia pro- 
duced an increase of about 4 thousand in the white cell count in each of two dogs, 
as compared wth the control, while in the other four dogs tliere was a slight re- 
duction ranging from 0.1 to 3.7 thousand per cubic millimeter. Nembutal an- 
esthesia, after removal of the spleen, caused a reduction of the white cell count 
averaging 3.8 thousand, Avith a range of from 0.5 to 9.4 thousand white cells 
per cubic millimeter below the control values. After splenectomy, the intra- 
venous administration of adrenalin under nembutal anesthesia caused an aver- 
age increase in the white cell count of 1.6 thousand, wth a range of from 0.5 to 
3 thousand white cells per cubic millimeter. After splenectomj’-, the control 
white cell counts in Dogs 1, 5, and 6 (Table I) showed significant increases over 
the control counts before removal of the spleen. This is attributable to post- 
operative reaction. 

Changes in Concentration of Plasma Proteins. — The total plasma protein 
concentration in the unanesthetized dogs was not significantly altered follovdng 
the administration of adrenalin either before or after splenectomy. The slight 
variations in plasma protein level as shown in Table I remained within the ex- 
perimental error of the method. Nembutal anesthesia before splenectomy pro- 
duced a slight reduction in the concentration of plasma proteins averaging 0.4 
Gm. per cent, vith a range of from 0.15 to 0.55 Gm. per cent. After splenec- 
tomy, anesthesia caused a reduction in plasma protein concentration averaging 
0.22 Gm. per cent, unth a range of from 0.12 to 0.36 Gm. per cent. Except for 
the slight dilution of the plasma proteins that was produced by nembutal an- 
esthesia, the other alterations in the plasma proteins under the various experi- 
mental conditions are of such a magnitude that they can be considered insig- 
nificant (Table I). 

Changes in the Surface Area of the Spleen. — At the peak of the effect of an 
intravenous injection of 0.5 c.c. of 1 :1000 adrenalin chloride solution, the average 
decrease in the lateral surface area of the spleen under nembutal anesthesia was 
65.93 per cent, Avith a range of from 60.81 to 70.49 per cent (Table IV). This 
demonstrates that, under nembutal anesthesia, adrenalin contracts the spleen in 
dogs to approximately one-third its preinjection size. Upon exposure of the 
spleen after laparotomy, we noticed a slight reduction in the size of the spleen, 
an observation which indicates that the figures given may not be as accurate as 
they could have been if it were possible to get at the spleen without any manipu- 
lation whatsoever. 

Comparative Changes in Jugular and Splenic Blood. — In order to compare 
the effects of adrenalin on the A^arious constituents of blood from the external 
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Table TV . Changes in Latekal Sheface Aeea of Spleen Follovting Intaveneocs Injec- 
tion OF Adrenalin in Dogs Dndek ^ehbutal Anesthesia 


DOG 


LATEPJU, SHEFACE AREA IN SQ. CSI. 


BEFORE ADPENALIN | AFTER ADEENALIK 


% DECREASE IN 
SHP.FACE AEEA 


1 

2 

O 

u 

4 

5 

6 


162.24 

206.28 

189.00 

213.75 

141.40 

193.70 


47.88 

80.84 

65.18 

80.66 

43.20 

64.48 


70.49 

60.81 

65.51 

6257 

69.45 

67.05 


T.ABLE V. COilP.AEATIVE CHANGES PP.ODDCED IN BlOOD WITHDEAWN SlAtU LT ANEO USET FeOM 

External Jhgulap. and Splenic Veins Dceing Second Minute After 
Intpjlvenods Adahniste-ation of Adeenaian 



hemoglobin 
; (oM./lOO c.c.) 



E.B.C, 

(MILLIOXS/C.MM.) 

W.B.C. 

(THOESANDS/C.MII.) 

PLASIIA PROTEINS 
(Gil./lOO C.C.) 


JEOE- 

SPLEN- 

-1 

1 

DIFFERENCE I 

1 

1 

JUGU- 1 

SPLEN- 

BIT- 1 

FEP.- ' 

3rGU- 

SPLEN-^ 

PTF- 

rEp.- 

i 

JEGH' 

SPIXK' 

Bir- 

FEK- 

DOQ 

LAE 

IC 

1 GM, 

1 % 1 

1 

LAP. ! 

IC 

EKCE 

LAB 

IC 

ENCE 

LAE 1 

IC 

ENCE 

1 

16.2 

17.1 

0.9 

5.55 

7.71 

8.39 

0.68 

16.2 

20.0 

3.8 

5.50 

5.80 

0.30 

2 

14.4 

15.2 

0.8 

5.55 

6.15 

7.60 

1.45 

5.8 

8.0 

2.2 

5.63 

5.63 

0.0 

3 

17.1 

19.8 

2.7 

15.84 

7.02 

■ 7.79 

0.77 

6.0 

10.8 

4.8 

4.84 

4.76 

0.08 

4 

15.2 

17.6 

2.4 

15.78 

6.46 

7.08 

0.62 

16.4 

17.6 

1.2 

5.50 

5.50 

0.0 

5 

17.3 

19.2 

1.9 

10.98 

6.86 

7.09 

0.23 

12.6 

12.8 

0.2 

5.67 

5.63 

0.04 

G 

14.8 

16.6 

1.8 

12.16 

6.84 

7.27 

0,43 

15.6 

16.8 

1.2 

5.76 

5.5 S 

0.18 


jugular and from, the splenic veins, ve took during the operation simultaneous 
samples from both veins at the time vrhen the spleen vras undergoing contraction 
as a result of an intravenous injection of adrenalin. Detailed data on such blood 
samples taken from each of the six dogs during the operation is shown in Table 
V. Blood withdravim from the splenic vein during contraction of the spleen 
consequent to adrenalin injection showed an average increase in the red blood 
cell count of 0.70 million per cubic millimetci-, with a range of from 0.23 to 1.45 
million per cubic millimeter over the count taken on blood simultaneously with- 
draum from the external jugular vein. The concentration of hemoglobin in 
blood from the splenic vein showed an average increase of 1.7 Gm. per 100 c.c., 
with a range of from O.S to 2,7 Gm. per 100 c.c. over that of blood .simultaneously 
withdrami from the external jugular vein. Expressed in percentage, the hemo- 
globin content of blood from the splenic vein averaged 10.98 per cent, with a 
range of from 5.55 to 15.S4 per cent higher than that from the external jugular 
vein. 

The white cell count on blood withdrawn from the splenic vein during con- 
traction of the spleen showed an average increase of 2.2 thousand per°cubie 
millimeter, with a range of from 0.2 to 4.S thousand per cubic millimeter over 
that taken from the extornnl jugular. There was no significant difference in 
plasma protein concentration between blood from the splenic and that from the 
external jugular vein. 

SL-MM ARY .AND CONCLUSIONS 

Tlic efrccts of adrenalin and of nembutal anesthesia on the conccnlratioim 
of bemogiolnn and plasma proteins, and on the rod and Avhito blood cell counts, 
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were studied in intaet and splenectomized dogs. The lateral surface area of the 
spleen was determined under nembutal anesthesia before and after administra- 
tion of adrenalin. The following conclusions can be made from this study: 

1. Intravenous administration of adrenalin increases the concentration of 
hemoglobin and of the red cell count in circulating blood to a much greater ex- 
tent in intact than in splenectomized dogs. 

2. Nembutal anesthesia cause's hemodilution with a reduction in hemoglobin 
concentration and in the red cell count and a slight reduction in the plasma 
protein concentration, 

3. The size of the spleen in dogs under nembutal anesthesia was decreased 
about 66 per cent by intravenous administration of adrenalin. 

4. The blood squeezed out by the spleen during its contraction under the in- 
fluence of adrenalin had an average hemoglobin concentration of about 11 per 
cent higher than that of jugular blood. 

The authors wish to acknowledge their appreciation of the technical assistance given by 
Mr. Carl Reynolds and Mr. Leroy Carey. 
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PECTIN EXCEETION STUDIES IN THE HUMAN BEING 

Donald D, Kozoll, M.D. Chicago, III., CAPT..\p Bruno W. Volk, Medical 
Corps, Army of the United States, Lieutenant Commander Frederick 
Steigmann, Medical Corps, United States Natal EESERVE,t 
and Captain Hans Popper, Medical Corps, Army of 
THE United States^ 

D EMONSTEATION of the efficacy of pectin in increasing plasma volume’’ * 
and of its therapeutic value in the treatment of shoek^‘°’ “ preceded the de- 
velopment of a method for deteimining the pectin content of urine and blood. 
A recent publication gave an analytical method of converting pectin to a pentose 
and subsequently to furfural which makes it possible to recover 95 to 100 per 
cent of pectin added in vitro to animal tissues and fluids.® 

The importance of canying out pectin excretion studies in the human 
being is evident from the following considerations: (1) The fate of any fluid 
injected into the body must be ■well accounted for before it can be considered 
innocuous; (2) its rate of appearance and disappearance in 'blood and urine 
should be correlated ■with its physiologic effects; (3) the optimiun levels neces- 
sary for the production of a desired degree of hemodilution and the relation 
of the duration of hemodilution to excretion, as well as the relation of the blood 
to urine levels, should be known; (4) the influence of the shock state offers 
another problem, and Anally; (5) the factor of renal function should also be 
investigated. 

METHODS 


In this study, twenty-six patients received between 1,000 and 3,000 c.c. of 
a 1.5 per cent solution of pectin in saline (buffered before administration) § 
intravenouslj’^ at a rate of approximately one liter in ninety minutes. Ten of 
these patients ■were admitted for heimiorraphies, whereas the remainder had 
a variety of medical and surgical diseases ■without involvement of the cardio- 
vascular system, with the exception of three in ■W'hom the pectin w'as admin- 
istered for the treatment of postoperative shock. Pectin blood levels were de- 
termined before the infusion, after administration of each subsequent liter, and 
at twenty-four-hour intervals thereafter during the period of observation. The 
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samples -were dra-mi in tubes containing ammoninm and potassium oxalate. 
Simultaneously blood samples "ivere draum in test tubes containing heparin for 
the determination of hematocrit, hemoglobin, plasma density as index of total 
protein concentration, and sedimentation rate as previously described.^' ^ In 
ten of the twenty-six patients the pectin excretion in the urine was also de- 
termined. Patients were asked to empty the bladder before the infusion and this 
sample was used as the control. Urine samples after administration of each liter 
of pectin and twenty-four-hour specimens thereafter were collected (with 
xylene as a preservative) . Blood pressure, temperature, pulse and respiration, 
and any rmtoward effects were also noted. 

The blood sample for pectin analysis was prepared as follows: 

Two cubic centimeters of oxalated blood were weighed and then mixed with 
13 c.c. distilled water, 2 c.c. of 10 per cent sodium tungstate solution, and 3 c.c. 
of 0.5 N sulfuric acid. After standing for fifteen minutes and centrifuging for 
thirty minutes, 2 c.c. of the centrifugate were steam distilled with 5 c.c. of 85 per 
cent phosphoric acid. Five cubic centimeters of the distillate were mixed with 
0.50 c.c, of aniline and 4.5 c.c. of glacial acetic acid, and the intensity of the 
color developed after standing fifteen minutes in the dark was determined by a 
photoelectric colorimeter. The urine sample was prepared by mixing 2 c.c. of 
urine witJx 10 volumes of 95 per cent alcohol. After an hour of standing the 
mixture was centrifuged, the supernatant liquid poured off, and the tubes with 
residue dried to remove alcohol. The dried residue was steam distilled with 85 
per cent phosphoric acid and the procedure carried out as for the blood distillate. 

From prerious work' it was found that the solution of pectin used in this 
study produced 3.5 mg. furfural per cubic centimeter of pectin sol. Therefore, 
the control furfural value (per cubic centimeter of urine) was deducted from 
that found after infusion ; the latter multiplied by the volume of urine gave the 
net or net total furfural value which, when divided by 3.5, gave us the apparent 
amount of furfural in the urine as pectin sol. The details of the method are 
described in another publication.® 


RESULTS 

The control value for blood furfural usually ranges from 0.02 to 0.09, with 
an overall average of 0.05 mg. per gram of blood. Control values in the same 
patient drawn at one-week intervals were identical. The average blood pectin 
lex els attained immediately after infusion of 1,000 c.c. of a 1.5 per cent pectin 
solution in twenty-sLx patients were equivalent to 0.369 mg. of furfural per gram 
of blood (Fig. 1) . The three patients that exceeded the.'ie averaues most mark- 
edly were those li-eatcd for postoperative shock. 

The difference in the height of the blood pectin level in liospital control 
subjects and patients in shock is demonstrated by two representative cases in 
Fig. 4, in which also the higher degree of hemodilution in shock cases is in- 
dicated. 

The avcraco blood pectin level after a continuous infusion of 2.000 c.c. of 
tlic solution was equivalent to 0..59 mg. of furfural per gram of blood, and in 
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no case was the rise after the second liter equivalent to the initial rise (Pigs. 2 
and 3). A single patient given a continuous infusion of 3,000 c.c. attained a 
blood furfural level of 1.06 mg. per gram of blood, the highest blood level in 
the series (Fig. 2). 

The average of blood pectin levels twenty-four hours after infusion was 
equivalent to 0.14 mg. of furfural per gram of blood for those given 1,000 c.c. 
and 0.20 mg. for those given 2,000 e.e.' or more. After twenty-four hours the 
blood levels of those receiving only 1,000 e.e. fell to control values but remained 
significantly above control levels for seventy-two hours in those receiving 2,000 
c.c. or more. (Pigs. 2 and 3.) 



4 6 12. 16 2.0 2.4 Z& 5Z 5b 

% change m hematocrit: 


Flp. 1 — ^Maximal blood levels of pectin obtained by the administration of 1,000 c.c. of 
pectin to twenty-three patients not In shock (•) and three patients In shock (O) and Its cor- 
relation with the percentage change In hematocrit thereby produced (as the Index of hemo- 
dllutlon). There Is some parallelism between hemodllutlon and the pectin level. 

In Pig. 1 is represented a plot of the percentage change in hematocrit, as 
index of hemodilution, at the end of infusion with the blood pectin level at 
that time in patients given 1,000 c.c. of pectin solution. There was not a con- 
stant relationship between these factors. However, there was a trend for the 
hemodilution, to increase in proportion to the rise in the pectin level ; the high- 
'cst blood levels were seen in cases with ma.ximal hemodilution. This is particU- 
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larly true in tte three patients in shock who showed more hemodilution than 
did the patients not in shock, as previously observed.^ 

The control furfural values in the urine of the ten patients examined ranged 
between .01 and .05 mg. per cubic centimeter of urine with an average of 0.026 
mg. per cubic centimeter (Table I). The quantity of pectin appearing in the 
urine at the conclusion of the intravenous injection of 1,000 c.c. varied consid- 
-erably in the ten patients, with an average of 151 c.c. (15.1 per cent) of the 
1,000 c.c. injected. Those who excreted insignificant amounts during this period 
usually voided 20 c.c. or less of urine. Those who received a second 1,000 c.c. 



excreted on an average an additional 138 c.c. during the administration of the 
second liter (totaling 14.5 per cent of the total pectin injected). At the end 
of tl)c twenty-four hour period those who had received 1,000 c.c. excreted an 
nverage of 2oG additional c.c. of pectin (totaling 40.7 per cent excretion of in- 
jected pectin. Those receiving 2,000 c.c. excreted an additional 448 c.c., totaling 
an average of 3G.9 per cent excretion of injcctc-d pectin. During the forty-eight 


Table I. Volume of Urine and Pectin Excretion* in Ten Patients 


PATIENTS RECEIVING 2,000 C.O. PECTIN I.V. 
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.02 



.02 



.01 


After 1,000 c.c. 

' 0 

0 


230 

30 

1.5 

165 

222 

11.1 

450 

317 

15.9 

After 2,000 c.c. 

210 

235 

11.7 

210 

28 

1.4 

120 

144 

7.2 

1,450 

137 

6.8 

After 24 hours 

1,470 

798 

39.9 

1.620 463 

23.1 

990 

331 

16.5 

4,420 

202 

10.1 

After 48 hours 

2,820 

145 

7.2 

1,560 

107 

5.3 

1,440 

103 

5.2 

4,000 

114 

5.7 

After 72 hours 

2,160 

25 

1.2 

3,120 

63 

3.1 

1,080 

33 

1.7 

2,250 

19 

1.0 

-After 90 hours 

1,320 

S 

0.4 

2,160 

25 

1.2 
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Total 

1,225 

61.3 

i 

745 

37.2 


853 

42.7 


789 

39.5 


•Pectin in urine = furfural v al u e ^ „rJne) 

(Each cubic centimeter of pectin produces 3.6 mgr- furfural.) 
tDuring the period of initial infusion of 1.000 c.c. pectin solution, an average 15.1 per cent of the 
injected pectin already appeared in the urine. At the ePd of twenty-four hours, an average 38.5 per 
cent of injected pectin was in the urine, whereas the average total amount of pectin excreted during the 
entire period of observation was 46.6 per cent. 


hour interval the patients who received 1,000 c.c. e.\creted an average of 51.6 
c.c. (an average total excretion now of 45.9 per cent of injected pectin) and those 
receiving 2,000 c.c., an average of 117 e.c. (an average total excretion of 42.7 per 
cent at the end of forty-eiglit hours). Significant excretion during the seventy- 
two hour interval occurred onlj' in those receiving 2,000 c.c.; thereafter those 
receiving 1,000 and 2,000 c.c. excretion in b'otli was not eonsidei’ed significant. 
The total amount of pectin excreted ivas 47.7 per cent for those receiving 1,000 
c.c. and 45.1 per cent for tliose receiving 2,000 e.c. at tlie end of the period 
of observation. 

The hemodilution, as. judged by hematociit and total protein, produced in 
patients given 2,000 c.e. of pectin solution was much more marked and more 
prolonged than in patients given 1,000 c.c. and therefore results on only the 
former are presented in graphic form, although the latter showed a similar trend. 
At the end of twentj^-four hours when the pectin (Pigs. 2 and 3) excreted in 
urine of those given 2,000 c.c. was 86 per cent of the total pectin excreted and 
that of those given 1,000 c.c. was 81 per cent, hematocrit and total plasma pro- 
tein values were far below control values in the former group and slightly 
below in the latter. This disperity betAveen the degree and duration of hemo- 
dilution and the blood and urine Impels of pectin persisted for as long as five 
days in those given 2,000 c.c., Avhich is tlie longest period observed. The period 
of hemodilution pei-sisted bejmnd tlie period of significant pectin levels in all 
cases. This was less strildng in the patients given 1,000 e.c. because the hemo- 
dilution Avas less in degree and duration. The increased sedimentation rate 
(due to pseudo-agglutination) attained its maximal increase at the peak of the 
blood pectin level, but in those Avith initial control sedimentation rates close to 
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normal, the elevated rate persisted long after the pectin blood level has returned 
to control levels. The relationship of the sedimentation rate to pectin excreted 
in urine Tvas about the same. 



Flp. 4. — Comparison of hemodllutlon and pectin blood levels In patient In shock (— ) and 
a patient not In shock ( — ). Both were given 1,000 c.c. pectin solution. The blood pectin 
level of the patient In shock, as well as the degree and duration of hemodllution, far exceeds 
T tliat In the patient not in shock; the blood level Is also signiflcantly higher twenty-four hours 
later. The patient In shock presented an Initial hematocrit (Ht.) of 37 per cent and total 
protein of 6.05 Gm. per cent which eliminates the possibility of hcmoconcentratlon. A more 
likely explanation of the difference is Impaired renal function. 

DISCUSSION 

The recent development of a chemical assay method for pectin in blood and 
urine provides the basis for studies which should have preceded the clinical 
administration of pectin. Such studies will shed new light on the clinical in- 
dications for the intravenous administration of pectin. 

The basic phenomenon in shock is the reduction of blood volume. Pectin 
solution is a maeromolecular plasma substitute used to increase plasma volume 
because the large pectin molecule keeps the injected fluid for a considerable time 
in the circulatory bed. The measurement of the plasma volume, which offers 
some technical difficulty, is substituted in elinical studies by the determination 
of the hemodilution measured by the reduction of the hematocrit, the hemoglobin 
concentration, and the total plasma protein concentration. In previous studies 
it was demonstrated that pectin produces considerable hemodilution in patients 
not in shock^’ - but a still more marked hemodilution in patients in shock.® The 
degree of hemodilution initially produced bj’’ the administration of the pectin 
solution is dependent upon the amount of pectin administered, as shown by the 
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rough 'parallelism existing betvreen the degree oi hemodiiution and the pectm 
level obtained. In this sense the pectin level is an index of the therapeutic 
effect obtained by pectin. 

The blood pectin levels, following the infusion of a given amount of pectm 
solution, are rather consistent in hospital controls. They increase if more pectin 
is given. However, in patients in shock, the pectin level, after administration 
of 1,000 c.c., is on an average higher, than in the controls after administration 
of 2,000 c.c. This agrees well with the higher degree of hemodiiution obtained 
in patients in shock. The question “Which is the optimal pectin level?” is as 
yet nof settled. Not only the concentration, but also the duration of the pectin 
concentration in the blood, is directly related to the amount of pectin introduced. 
The difference in shock is probably caused by the difference in urinary excretion 
of pectin. Kenal excretion is known to be decreased in the shock state. 

Whereas a rough parallelism exists immediately after administration of 
pectin between the pectin level and the hemodiiution produced, this relationship 
deviates later on. The plasma pectin level decreases much faster than the hemo- 
diiution disappears, a fact which suggests that as pectin disappears, other sub- 
stances maintain the hemodUution. Similarly, the effect pectin has upon the 
red cell, namely, the pseudo-agglutination as indicated by the rise of the sedi- 
mentation rate, is maintained longer than the pectin level. 

The urinary excretion of pectin deserves interest from two viewpoints: 
First, if an unphysiologic substaned is introduced into the body, one prefers 
that it be disposed of quickly, second, the relation between blood level, urinary 
e.vcretion and the therapeutic effect as evidenced by the hemodiiution, gives in- 
formation to the mechanism of this effect. The excretion of pectin starts with 
the administration of pectin and a considerable amount is excreted by the end 
of the infusion. However, this fast excretion comes to a standstill within three 
days, by which time approximately 45 per cent of the originally introduced pec- 
tin has left the body. Since a third of the total amount of pectin excreted has 
left the body during the infusion, one can assume that a great part of pectin 
is apparently removed from the reach of the kidney within a short time. There 
is a remote possibility (unproved thus far) that some of the pectin may be 
broken dowm to simple sugar molecules and may thus escape the alcohol pre- 
cipitation involved in the preparation of urine samples in the present method 
for pectin analysis. 

Recently' we have demonstrated in human subjects and in rabbits the 
deposition of a peculiar material in the pulp of the spleen and around the 
glomerular loops of the kidney associated with a proliferation of the reticulo- 
endothelial cells of the spleen and a proliferation and vacuolization of the 
Kupffer cells of tlie liver. Since the spleen was markedly enlarged in rabbits 
and c.spccially in paticnl,s with nephro.'iLs. mast of the unexcreted (and/or 
mctabolircd) material can \)c assumed to have been deposited in the spleen. 
However, its nature is not clear in view of the fact that chemical analyses by 
• 0 ‘:cpb, Bryant, and Palmer’’ failed to detect an increased amount of sub- 
M.nnces giving a furfural reaction in the organs. However, the prc.<:ence of this 
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material may be an indication that retained pectin or a derivative of it is re- 
sponsible for changes in the organs. 

It should be stressed, however, that those findings were encountered only 
after administration of amounts of pectin far in excess of those used in shock. 
It should further be emphasized that the possibility exists that other pectin 
solutions act differently. Hartman® did not observe such anatomic changes 
after administration of equivalent amounts of pectin, and we have to reserve 
judgment as to whether an otherwise prepared peetin solution would be re- 
tained in tissues to a lesser degree and lead to similar anatomic changes. 

At a time when the hemodilution is still of considerable degree, the blood 
level has already markedly decreased and the greater part of the diseardable 
part has been excreted noth the urine; tlie greater part of the nondiscardable 
portion is at this time obviously out of the circulation. Heretofore one of the 
prime essentials of an effective plasma substitute has been considered the prop- 
erty of being retained mthin the circulation for a long period of time. The 
present findings show that a substance like pectin may produce hemodilution 
even longer than it is present in the blood stream. Anj^ substance which could 
induce this phenomena of prolonged hemodilution after its disappearance from 
the circulation has considerable promise. We ascribe it to the ability of a macro- 
molecular substance to draw tissue fluid into the circulation. This tissue fluid, 
which replaces tlic fluid leaving the circulation with pectin, presumably con- 
tains proteins which are available in large quantities ui tlie labile protein stores 
of the body. The tern “autotransfusion” can be used to describe this phe- 
nomena. 

SUMMARY 

1. Using a chemical assay for pectin recently described, blood pectin levels 
and urinary pectin excretion following the administration of pectin solution 
have been described. 

2. The blood pectin levels are proportionate to the quantity of pectin ad- 
ministered. They are higher in patients in shock, probabl 3 ’^ due to depressed 
renal function. 

3. The degree of initial hemodilution is somewhat parallel to the level of 
pectin in the blood ; however, hemodilution and the increased sedimentation rate 
(pseudo-agglutination) produced by pectin are maintained much longer than 
blood peetin level. 

4. The peetin excretion starts rapidly and decreases after the firat day. 
However, by the analytical methods available, less than one-half of the injected 
pectin is accounted for in the urine, indicating that more than one-half of the 
pectin injected is quickly removed from the reach of the kidney, some of wliich 
is probably deposited in certain organs. 

5. The maintenance of the hemodilution beyond the period of significant 
blood concentration of pectin and of urinaiy elimination of the great amount of 
excreted pectin indicates that the prolonged hemodilution is not due to pectin 
but possibly to labile tissue proteins. 
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THE USE OF THE COPPER SULFATE METUOD OF HEMOGLOBIN 
' ESTIMATION FOR SCREENING BLOOD DONORS 


Mary IIeiss Boynton, M.D.* 
New York, N. Y. 


T he number of methods which are available for the estimation of hemoglobin 
values, and which ar6 at the same time applicable to mass production tech- 
niques, is limited. Individual centers of the American Red Cross Blood Donor 
Service have been called upon at times to process as many as 1,100 donors 
daily, and a hemoglobin estimation must be made on each donor. Such volume 
necessarily requires a method which is both fast and accurate and which ban 
be carried out by relatively untrained personnel. 

The methods which are the most accurate and which are in common use 
in most laboratories and offices, such as the Dare, the Sahli, the Newcomer, 
and certain other colorimetric techniques, invariably require a measured 
amount of blood which, in turn, requires relatively complicated equipment and 
trained personnel. The Tallqvist method, which is admittedly the simplest and 
most rapid method, can be used only with difficulty when one individual is 
required to make from 100 to 200 such comparisons within a period of a few 
hours. There is not only considerable error in the method per se, but there is 
also the additional factor of ocular fatigue with such a large number of 
tests. It was necessary, howevei*, to use this method during the first two 
years of operation of the Blood Donor Service since no other method which 
met the requirements was available. 

, In December, 1943, a simple method for determining the specific gravities 
of whole blood and plasma using a copper sulfate solution was devised at the 
Rockefeller Institute.! This method is based on the fact that a drop of blood 
or plasma dropped into a precision-made solution of Cu SO^ of kno-wn specific 
gravity will become encased in a sac of Cu proteinate and will behave in a 
certain way relative to that solution, dependent upon the density of that drop. 
If a graded series of Cu SO^ solutions is used, the actual specific gravity of the 
blood and plasma may be determined and from these, by calculation from line 
charts, the hemoglobin, plasma protein, and hematocrit values can be obtained. 
For the purposes of the Red Cross Blood Donor Service, however, a single 
solution of specific gravity 1.052, corresponding to 12.3 Gm. of hemoglobin, 
permits the acceptance or rejection of a donor without obtaining the exact 
amount of hemoglobin in that donor’s blood. In other words, if a drop of the 
donor’s blood sinks in the solution, the donor is acceptable; if the drop rises 
or remains suspended, the individual’s hemoglobin is less than the acceptable 
standard ; that is, less than 12.3 6m. This paper describes the technique and 
analyzes the results as obtained at the Blood Donor Center of the New York 
Chapter of the American Red Cross with the use of this method. 


Prom the New York Blood Donor Center of the American Red Croas Blood Donor Service. 
Received for publication. Sept. 20, 1945. 

•Technical Supervisor American Red Cross Blood Donor Center, New York, N T 
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TECHNIQUE 

The equipment necessary to make the test is illustoated in Fig. 1. It con- 
sists of a lancet for making the finger puncture, capillary tubes ivith rubber 
bulbs attached, and Cu SO4 solution in large stock bottles and in a smaller vial 
for actual use. The correct position for expelling the drop is also shown. 

1. The tip of the fourth or ring finger is thoroughly cleansed with alcohol 
and then mped dry with sterile gauze. The finger is punctured, somewhat 
forcibly, with a lancet or special needle and the first drop of blood obtained 
is wiped off. 



PtST. 1. 


2. A second drop of blood is squeezed and allowed to run up into a capillary 
tube of about 1 mm. bore uith a small rubber bulb at one end.* 

3. The blood is ejected into the solution of CuSO^ by gentle pressure on 
the bulb, and the behavior of the drop is observed. The initial momentum of 
the drop is lost within a few seconds and the drop then either (1) begins to 
rise, (2) remains stationary for another ten to fifteen seconds, or (3) continues 
to fall in the solution. If either the (1) or (2) condition obtains, the donor is 
rejected; if (3) obtains, the donor is accepted. 

^Vhi!e the technique itself is simple and rapid and can be easily carried 
relatively unskilled personnel, it has been apparent since the intro- 
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duction of the method in Red Cross centers in Aprii, 1943, that the following 
precautions should be taken to avoid inaccuracies and errors of interpretation. 

1. Theoretically, one test may be done per cubic centimeter of Cu SO^ 
solution. If a small vial of from 25 to 30 e.c. of solution is used, as in Fig. 1, 
careful count must be kept of the tests made and fresh solution must be used 
after about twenty tests. The color of the solution may shift from blue to 
green during the course of the tests and may develop a certain degree of 
turbidity because of the presence of suspended unlaked cells, biit the gravity 
of the solution is not perceptibly affected by these changes. 

2. The finger used must be thoroughly cleansed ■with alcohol and then 
dried, and the first drop of blood obtained after the puncture should be Aviped 
off. Even a minute amount of dirt, gi’case, or alcohol remaining on the finger 
alters the behavior of the drop. 

3. The blood di’awn into the eapillaiy tube sbould be free of air bubbles and 
should form an intact drop in the solution. 

4. The surface of the Ou SO4 solution should be kept free of fragments of 
blood. These are removed bj'^ shaking the vial or by using a wooden applicator 
stick. 

5. In interpreting the results, it should be remembered that the drop ■will 
have a certain initial momentum downward in the solution. When this initial 
force has subsided, the drop may continue do^ivnwai’d, remain suspended, or 
rise. It is, therefore, the behavior of the drop within the ten seconds after 
the initial momentum has subsided that is of significance. 

6. Caro should be taken to keep the Cu SO4 solution well covered, preferably 
■with an airtight stopper, when not in use. If crystals of Cu SO4 form around 
the top of the bottle, or on any device used for pouring, a fresh bottle should 
be taken and the equipment cleaned. 

7. According to Phillips and his associates, there is an inherent error of 
±2 per cent in the method when blood with cells of normal hemoglobin content 
is being tested. In abnormal cases, the error may be ±4 per cent. The estima- 
tion of hemoglobin from whole Hood by this method is based on the assumption 
that the plasma protein concentration is within normal limits. However, high 
plasma protein values may cause a plus error in the hemoglobin estimation, and 
low plasma protein values may give a low estimate of the hemoglobin. Since it 
would be inadvisable to accept a donor with a low plasma protein value, such 
an “error” in the hemoglobin e.stimation is an advantage rather than a fault. 

RESULTS 

Before the method was put into routine use in February, 1944, and during 
the period of instruction for the personnel, a comparison was made on 632 
donors using the Cu SO4 and Evelyn photo-electric cell method. Ideally, com- 
parisons of results with the Cu SO4 technique should be made against the 
oxygen capacity method; however, since this was not possible, the comparisons 
were made with an Evelyn colorimeter which had in turn been cheeked -ivith 
samples tested by the oxygen capacity method for hemoglobin estimation. In 
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this series of 632 donors. 108 (or 17.0 per cent) wefe nrmecessarily rejected; 
that is, the Gti SO< reading ivas beloM the requisite 12.3 Gm., whereas the 
Evelyn reading ivas 12.3 Gm. or above. In this same group, there were five 
donors or 0.9 per cent) who were accepted in error ; that is, the Cu SO^ reading 
indicated over 12.3 Gm., but the actual hemoglobin values were below 12.3 Gm. 
by the Evelyn colorimeter. Although the errors in this series might -have been 
said to be “on the safe side,” the results of the comparison indicated that the 
staff was apparently not carrying out the technique correctly and steps were 
taken to remedy this. It was found that the errors made were chiefly those 
noted previously; for instance, alcohol remaining on the finger, air bubbles in 
the tube, carelessness in handling the solutions. A second comparison series 
on 1,012 donors was carried out in April, 1945. In this group, twenty-two (or 
2,17 per cent) were rejected in error because they had an Evelyn value over 
12.5 Gm., and twenty (or 1.98 per cent) were accepted in error because they 
had an Evelyn reading below 12.3 Gm, (Using a solution of specific gravity 
1.052, hemoglobin values between 12.3 and 12.5 Gm. were considered to be 
within the “critical range”; for instance, for Evelyn values within this range 
the behavior of the drop may, within the limits of error, follow any one of the 
three courses.) 

T.lBt.E I 


- 

FEBRUARY, 1944 

APRIL, 1945 

NumlKir tested 

632 

1,012 

Number roiected in error 

lOS 

22 

(Cu SO, less thau 12.3 Gm.) 

Per cent 

17.0 

2.17 

P.ange of error by Evelvn method 

12.5 to 14.2 

12.5 to 13.S 

(Gm.) 

umber accepted in error 

5 

20 

(Cu SO, more than 12.5 Gm.) 

Per cent 

0.9 

1.98 

Range of error by Evelm method 

11.0 to 12.2 

11.0 to 12.2 

(Gm.) 


In Table I tlic complete results of the two series of comparisons are given. 
Over a period of a year at the New York Center, the percentage rejection 
rate for prospective initial donors on the basis of hemoglobin, using the 
Cu SO, method, is given in Table IT. 


Table II 
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On the basis of almost 6,000 determinations made by the Evelyn photo- 
electric colorimeter on male and female initial donors over a period of two 
years at the New York Center, the values given in Table HI were obtained. 

It will be seen that in this comparison again the Cu SO 4 method compares 
very favorably with the Evelyn determination. The rejection rate by either 
method is essentially the same. 


SUMMARY 

The Cu SO 4 method of hemoglobin estimation has been in use in the New 
York Center of the American Eed Cross Blood Donor Service for over a year and 
one-half. Under the conditions obtained in such a mass blood collection program, 
it has provided a simple and rapid method of determining whether or not a 
donor’s hemoglobin is above or below the acceptable minimum of 12.3 Gm. The 
test may be done by unskilled volunteer personnel after a brief course of in- 
struction. Testing individuals with hemoglobin, hematocrit, and plasma con- 
centration values presumably within normal limits, the error in the method 
should not be more than +2 per cent. The experience in the New York Blood 
Donor Center, where it may be assumed that individuals do not present them- 
selves for a donation unless they believe themselves to be in reasonably good 
health, has indicated that such is the case. The error is kept at the irreducible 
minimum, however, only when rigid attention is paid to the details of the tech- 
nique and to the proper interpretation of the behavior of the drop. The test 
as performed in Red Cross Blood Donor centers would be easily applicable to 
any blood donor program or for “screening” purposes in connection with 
physical examinations where it would be of value to know whether or not an 
individual hemoglobin was above or below a certain standard. With the use 
of graded solutions of Cu SO* spaced at various gravity levels, a more accurate 
estimation could be made if desired. 

CONCLUSIONS 

1 . The use of the CuSO^ gravity method of hemoglobin estimation of 
Phillips and his associates, as used at the New York Center of the American 
Red Cross Blood Donor Service, is described. 

2. Certain precautions are noted and certain details of the technique are 
emphasized in order to obtain maximum accuracy and correct interpretation 
of the results. 

3. A comparison ,is made of the results obtained by this method and by 
an Evelyn photo-electric cell colorimeter on a large series of blood donors. 



STUDIES ON CULTIVATION OP KICKETTSLAE IN EGGS 


Plorekce K. Fitzpatrick, M-A 
Glekolden, Pa. 


T he work of Goodpasture^ witli the cultivation of viruses on the chorio- 
allantois of the developing chick embryo has been of inestimable value to 
bacteriologists whose interest lies in the field of viruses and rickettsiae. It 
marked the beginning of large scale work with these agents and has made pos- 
sible the development of vaccines against some of the world’s most deva^ating 
diseases. Zia^ and Bengtson and Dyer^ succeeded in obtaining multiplication 
of tiTphus and spotted fever rickettsiae, respectiv’ely, using Goodpasture s tech- 
nique. Barykine and co-workers^ and Cox® showed that better results could be 
obtained if inoculation were made directly into the yolk. 

Although many investigators have been using the yolk sac method of rick- 
ettsial cultivation, detailed results, except those from China, have not been 
published.®’ In most new fields, much of one’s knowledge is acquired by trial 
and error methods. The cultivation of rickettsiae in eggs has been no exception. 
The work detailed in this article on methods of inoculation, susceptibility of chick 
embryos, neutralization tests in eggs, and soluble antigen experiments is re- 
ported in the hope that it may be of use to workers in this field. 

Methods and Materials . — The rickettsial strains employed consisted of the 
Brcinl epidemic and the Wilmington murine strains of typhus* and the Bitter 
Boot* and the Cape Codf strains of spotted fever. The Cox technique of inocu- 
lation was used throughout.® Eggs from white leghorn hens were employed 
to facilitate candling. These eggs were from pullorura-tesled flocks and were 
purchased at six or seven days’ incubation. Seven-day-old embrj’os were used, 
except where noted. On arrival, the eggs were unwrapped and placed on wooden 
boards made to accommodate forty or eighty eggs, air sac end uppermost. Prior 
to inoculation, dead or nonfertile eggs were candled out. Iodine was applied 
over an area of about 1 cm. in diameter and allowed to dry. A hole was then 
mode with a moto-toolj or regular dental drill, the burr being adjusted so as to 
puncture the shell but not the shell membrane. The shell dust was removed 
with 70 per cent alcohol. The egg inoculations were performed ivith regular 
10 c.c. or automatic 2 c.c. sjTinges and 20 gauge needles, V/o inches long. The 
eggs were sealed with paraffin and incubated at from 34 to 35° C, The inocu- 
lum was prepared by shaking yolk sacs in saline in the presence of glass beads. 
Cultures were taken before, during, and after inoculation. All yolk sac and 
Vaccine smears were stained by the Macchiavello technique,® with the simple 
modification of using sterile distilled water without neutralization as diluent 
basic fuchsin. ^Methylene blue was used for smears of sterility tests. In 
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all expei’imental work and in selecting yolk sacs to be used as inoculum in vac- 
cine preparation, the piece of yolk sac to be examined was removed at its point ■ 
of attacliment to the embi'yo. This technique was adopted in an effort to ap- 
proach some sort of unifomity in the examination of smears. As a basis for 
comparing eggs, it is more exact than when pieces are removed at random. 
Yolk sacs to be used in vaccine preparation were alwaj's selected in advance. 
From two to six yolk sacs, depending on the richness of the individual smears, 
were placed whole in bottles containing glass beads. Tliey were shaken and 
about 0.5 c.e. of the concentrated j^lk removed for culture. The bottles were 
then placed in a cliest maintained at from -40 to -60° 0. with solid carbon di- 
oxide. Yolk sacs kept under these conditions Avcre found to remain potent for 
seventeen montlus, the longest interval tested to date. 

We have not found the problem of contamination to be a serious one. Cul- 
tures of 1,123 pools, representing, 3,963 yolk sacs grouped in lots of from two to 
six, revealed that forij'-four or 3.9 per cent of the lots were contaminated. If, as 
was likely, only one yolk sac in each lot had been at fault, the figure for con- 
tamination would have been about 1 per cent. We are inclined to attribute 
most contamination to faulty technique, since as many as fifty-seven yolk sacs 
cultured individually the same day from the same lot of typhus-infected eggs 
showed no grovd;!!. 

Prior to use, the yolk sacs were thawed quieldy in water al a temperature 
of from 40 to 45° C., thoroughl3’- shaken, and diluted with the required amount 
of salt solution. Pieces of membrane were removed with a bent capillary pipette 
and the eggs injected with 0.5 or 1 e.c. of inoculum. For routine pui’poses, one 
candling of inoculated eggs at the end of fortj'-eight hours (for spotted fever) 
or seventy-two horn's (for typhus) Avas considered sufficient to remoA’^e those 
dead of trauma. Subsequently, eggs aa'ci'c candled daily until large numbers of 
deatlis occurred, at AA'hich time they AA'cre candled seAmral times a day if possible. 
With the typhus strains, some deaths occurring on the third day, even Avith high 
dilutions of inoculum, are due to Ijiihus. HoAA'ever,' we haAm found that the 
elimination of these eggs is no loss, since the yolk sacs are still small and hard 
to hai'vest and do not materiallj’- add to the quality of the vaccine. (It is ob- 
vious that deaths on the third daj’' in eggs that have receiA^ed a A'erj'- lieaAy typhus 
inoculum are significant, but for practical reasons these deaths should be aA'oided 
in large scale vaccine preparation.) 

Yolk sacs to be tested in mice for toxin were either frozen Avhole or diluted 
Avith milk, as suggested by Topping,^® for the preservation of infected tissues. 
In thei latter case, a 10 per cent suspension AA'as made. The material aa’Cs 
centrifuged, decanted, and distributed in small samples in Amccine Auals as 
recommended by Bengtson.'^’^ It was then frozen until needed. We haA-e foimd . 
canned evaporated milk very satisfactory and more coimnient to prepare than 
the skimmed milk recommended by Topping. The contents of a can of milk 
were diluted Avith an equal amount of sterile AAmter. Sufficient N/1 NaOH solu- 
tion was added to bring the pH up to about 7.5. Since canned milk is sterile, 
no autoclaving was required. 
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For dilution experiments in eggs and guinea pigSj 10 per cent infected yolk 
sac suspensions in saline ivere prepared, and further dilutions •n'ere made from 
these. Inoculation -was then carried out as fast as possible by two operators to 
prevent deterioration of rickettsiae. 

Guinea pig inoculations were performed by administering 1 c.c. of inoculum 
by the intraperitoneal route to male animals. JGce were vaccinated by the 
intraperitoneal route^- and received live yolk sac material by the same route 
or intravenously. 

Age of Embryos and Methods of InocuUition . — In published work on the use 
of fertile eggs for the cultivation of rickettsiae, embryos of ages varying from 
2 to 11 days have been recommended.'*’ It was felt that the older the em- 

bryos were at the time of -inoculation, consistent with good results, the greater 
would be the weight-yield of yolk sac and the fewer the early deaths from trauma 
or ovenvhelming infection. However, "with increasing age, the embryos became 
more resistant to infection. Experiments undertaken to find the oldest embryo 
that would give uniformly good results showed that it was possible to infect eggs 
that had been incubated eight days quite successfully ■with the two typhus strains. 
When 9- or 10-day-old embryos were used, good results could be obtained but a 
more concentrated inoculum was required. "When large numbers of eggs were 
inoculated, it was found convenient to use embryos of an age that conld be killed 
•vnth high dilutions, since fewer yolk sacs were required as inoculum. 

Older embryos (from 8 to 9 days) were found to be most useful in spotted 
fever experiments. In egg-adapted strains of both mild and virulent spotted 
fever, death occurred in about three days •when 6- or 7-day-old embryos were 
used. Yolk sacs were small, fi-iable, and difficult to harvest. The use of 8- or 
9-day-old embiyos helped to remedy these conditions. At 10 days, embryos were 
found to be too insusceptible for routine use. 

In an effort to reduce the percentage of traumatic deaths, the embryo’s posi- 
tion in the egg was marked during the candling prior to inoculation in several 
lots of eggs. Duplicate sets receiving the same inoculum were not so marked. 
It was found that marking the embryos resulted in a somewhat lower mortality. 
Comparisons were also made between lots of eggs that had been inoculated by 
the same operator with standard 10 c.c. syringes and ■\vith automatic 2 c.c. 
syringes. With the fomer. traumatic deaths were 3 or 4 per cent, whereas with 
the latter type of syringe they were from 18 to 24 per cent. The use of the 
automatic syringe eliminates the need of filling and cleaning syringes so that if 
time saved is an important factor, the automatic syringe is the one of choice. 

Tcmycrainrc of Jncubafion.— Eggs infected with all four rickettsial strains 
■'verc incubated at from 34 to 35° C. routinely. With experimental lots, it was 
observed that iti typhus-infected cmis, death of embryos occurred at least twenty- 
four hours earlier than wlicn a tem})eraturc of 37° C. was used (Table I). Egirs 
incuh.ated at 37° C. required a heavier inoculum to kill the embryos than those 
incubated at 34° C. It would api)ear that at 34= C., a temperature far below 
tlic optimum for healthy development of normal ehiek einbrvos, several factors 
nmy be involvc.l wliich contribute to better multiplication of'tvphus rickettsiae 
rise embryos n-sistance is lowered and rickettsial multiplication can proceed 
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Table I. Effbct of Temperatuke op Incdbatiok on Time of Death of Infected 

Chick Embryos* 


DAY AFTER 

inoculation 

number of egos DEAUf 

TEMI’EltATURE OF INCUBATION 

1 34° C. 1 3/ 

■° c. 


I to 3 

0 



4 

1 



5 

2 



6 

3 



7 

4 

5 


8 


4 

' ^ 

9 

- 

1 



•Inoculated with 1:400 dilution of murine typhus yolk sac. 
tTen eggs In each group. 


more readily than at 37° 0., or as has been demonstrated in guinea pigs, rab- 
bits,'* and mice,'®’ low temperatures favor rickettsial infection of the host. 
The incubation of infected typhus eggs at 34° C. is advisable in large scale 
vaccine preparation. It can be readily seen that if a more dilute inoculum is re- 
quired when eggs are incubated at this temperature, fewer yolk sacs need be 
prepared as inoculum, thereby reducing labor and the risk of contamination. 
In the ease of spotted fever, the Infection is apparently so overwhelming that 
death of the embryo occurs at the same time whether incubation at 34° C. or 
37° C. is used, but smears richer in rickettsiae are obtained from eggs incubated 
at the former temperature. 

Dilution and Diluents . — Experience showed that it was possible, within 
limits, to bring about death of infected eggs at the time desired. Even under 
optimal conditions, however, there was a variation in the susceptibility of chick 
embryos which could not be overcome. When large numbers of eggs were 
inoculated, aside from those dying of trauma, there were nearly always a few 
that died early, often showing very few rickettsiae (perhaps overwhelmed by 
toxin) and a few resistant ones that died late. The great majority died within 
a twenty-four-hour period (that is, on the fifth and sixth days, or on the sixth 
and seventh days after inoculation). This point is illustrated in Table II. 

The numbers of rickettsiae seen in the smears of the yolk sacs to be used 
for inoculation determined the amount of diluent to be added. For routine 
purposes, we found it practical to use for typhus passage only those yolk sacs 
showing numerous rickettsiae and designated 4-plus or better and to dilute them 


Table H. Normal Variation Encountered in Time of Death of Typhus-Infected 

Chick Embryos 


DAY AFTER 
INOCULATJON- 

1 number of eggs 

DEAD 


MURINE TYPHUS+ 

1 00 EGOS 1 

100 EGOS 

1 to 3 

3 

4 

4 

0 

4 

5 

3 

18 

6 

21 

72 

7 

28 

2 

8 

4 


9 

1 

- 


•Inoculatefl with 1:300 dilution of Infected yolk sac. 
flnoculated with 1:200 dilution of Infected yoIK sac. 
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Table HL Eitect of pH of Sospeoting Medixisi on Thie of Death op iNrECXED Eggs* 


DAT AFTEE 
INOCEVATION 

1 to 3 

5 

6 

, 7 


NUMBER or EGGS DEAD 
DILUENT 

Nad pH 6.0'i!.3 PHOSPHA 

0 
13 
6 
1 


PHOSPHATE BUFFER pH 7.4 
1 

12 

6 

1 


•Inoculated ■with 1:200 dilution ol epidemic typhus yolk sac. 


\ 

vrtth from 200 to 500 c.c. of physiologic salt solution. In the case of spotted 
fever where smears never approached the richness of typhus yolk sacs, from 50 , 
to 200 c.c. were used. No difference in result was seen when a 1:100 or a 1:200 
dilution, for example, was emplojmd, or similarly, when 0.5 or 1 c.c. was used 
as inoculum. Fivefold dilutions of a given inoculum were required to bring 
out a noticeable effect on the dying time of the embrj’o. 

Because of the fragility of rickettsiae suspended in physiologic saline, it 
was thought that dilution of yolk sacs in a buffer of a higher pH than the saline 
usually employed might keep the rickettsiae in better condition during the time 
of inoculation. Accordingly, yolk sacs were shaken in 5 c.c. of saline and por- 
tions of this suspension further diluted with saline and Sorensen’s phosphate 
buffer, respectively. As will be seen from the data in Table III, the time of death 
m two groups of twenty eggs was not influenced by the different pH values of the 
suspending solutions. Smears of the yolk sacs were of similar richness in both 
groups. The same results were obtained when buffered saline and physiologic 
saline were compared. “ 


_ Comparison of Guinea Pig and Chich Embrxjo Susceptihility.—HhQ guinea 
pig IS not a highly susceptible animal as far as the two tj-pes of tj-phus are con- 
cerned. Virulent spotted fever strains, on the other hand, kill a large propor- 
tion of moculated animals. We have attempted to correlate the susceptibility 
m the chick embiym and the guinea pig by inoculating them with the same 
^nations of yolk sac material from eggs infected with murine and epidemic 
tphus and Bitter Root spotted fever. With murine t:,-phus, the limit of infcc- 
tivity appeared to be the same for eggs and guinea pigs, but elevation of tem- 
notcjj twentj'-four to forty-eight hours 

lint f e.Tperiment, the highest dilution 

Lc L J , ‘”“'”'”"'3 P'S*- B"'*"'--"-, those having „„ tcmperelure 

i_ere found to have been immunized or to have had an inapparent infeofinn 
.ncc serum obiuiuca three vveeta utter faoe„luU„„ ugglnthrd mu te S 



50 


FITZPATRICK 


eggs Slid guinea pigs of Bitter Boot strain spotted fever yolk sac dilutions pro- 
duced results similar to those obtained when epidemic typhus inoculum was used. 
For example, the highest dilution producing death pf chick embryos in one, 
experiment was 1 :10,000, At this end point, guinea pigs showed no elevation 
of temperature or other signs of spotted fever. From the foregoing experiments, 
it would appear that the chick emhrj'o is more susceptible to infection vdth 
epidemic typhus and virulent spotted fever than is the guinea pig. This fact 
might be made use of in the isolation of strains from the blood of hiunan cases 
of these diseases where, particular^’- in mild cases, efforts to isolate strains by 
guiilea pig inoculation are often fruitless. 

Neiiti-alisation Tests in Eggs . — Evidence of neutralization using mixtures 
of immune sez’um and infectious agent introduced into eggs has been obtained 
for certain viruses and bacteiia: vesicular stomatitis,” equine” and St. Louis 
encephalitis,-" keratoconjunctivitis,-' and mumps-^ viruses; typhoid,-" influenza"' 
and the tubercle bacillus."" It was felt that if neutralization of typhus and 
spotted fever rickettsiae by immune serum could be demonstrated in the chick 
embrj’o, a simple test -would be pro-vided for the study of neutralizing antibodies 
in the serum of convalescent men and animals. To this end, potent unmune 
globulins prepared from the serum of rabbits infected -ndth typhus or spotted 
fever were mixed in vitro with dilute infectious yolk sac material for from 20 
to 30 minutes prior to the inoculation of eggs. Controls with an equivalent 
amomit of normal senim were set up at the same time. As will be seen from the 
results of two typical experiments summarized in Table IV, no evidence of neu- 
tralization was obtained with either rickettsial antiserum. In this and other 


Table IA^. Nedtrauzation Tests in Egos* With Epibejiic Typhus and Spotted Eever 

Gwbuuns 


DAY OP DEATH 

OF EGOSt 

EPIDEMIC 

i TYPHUS 

1 spotted fever 

0.1 C.C. 
GLOBULIN 

0.5 C.C. 

NORJIAL SERUM 

0.1 C.C. 

globulin 

1 0.5 C.C. 

1 NORMAL SERUM 

1 to 2 

1 

0 

1 

0 

3 

0 

0 

0 

0 

4 

0 

0 

2 

4 

5 

0 

0 

5 

4 

6 

3 

4 

- 

- 

7 

4 

4 

- 

- 


♦Inoculated -with 1 :300 dilution of epidemic typhus or 1:300 dilution of spotted fever 
yolic sac. 

tEieht eggs in each group. 


experiments, there was no delay in the death of the embryos, and smears were 
as rich in rickettsiae as were those from control eggs receiving normal serum. 
By contrast, guinea pigs inoculated with similar mixtures showed no evidence 
of infection. In a few preliminarj^ experiments, the addition of fresh guinea 
pig complement did not alter the results. It would appear that idckettsial 
growth in the egg resembles a tissue .culture more closely than an infection in 
the animal body; also that the neutralization of rickettsiae is a more complex 
phenomenon than that of certain other disease agents. These negative experi- 
ments on neutralization indicate that this reaction requires the presence of 
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certain humoral or cellular elements- found in adult mammals but not in the 
chick embryo. As Goodpasture has pointed out,^ the chick embryo does not 
seem capable of acquiring immunitjL In guinea pigs and mice it is possible to 
secure neutralization by inoculating immune serum and infectious rickettsial 
material at the same time, but by different routes, showing that the reaction 
is accomplished m the body of the animal. If we regard the embryonated egg 
as a tissue, culture, the negative neutralization tests are not too surprising in 
view of the findings of Breinl-® and others, that the presence of immune 
serum in tissue cultures does not impair rickettsial multiplication. Experiments 
with yellow fever virus’* are similar to our findings with rickettsiae, in that 
serum-virus mixtures that did not infect mice were still infectious for chick 
embryos. 

Toxic Eggs . — Only yolk sacs shoeing very hea\T rickettsial smears were 
used for toxin testing. As first pointed out by 'Gildermeister and Haagen,^* 
yolk sacs of eggs inoculated with murine typhus may kill mice in from twenty- 
four to forty-eight hours after intraperitoneal inoculation. We have found, 
using the intravenous route, that 44 per cent of murine yolk sacs tested from 
eggs recently dead were lethal for mice in six hours or less at dilutions of from 
1:240 to 1:2000. When intraperitoneal inoculation was done, a lower per- 
centage of toxic yolk sacs was obtained. That epidemic typhus yolk sacs may 
display the same toxic property was reported by Bengtson and eo-workers*“ who 
used the intravenous mode of administration. We have not succeeded in killing 
mice by intraperitoneal injection %vith this strain in the dilution employed. Of 
619 yolk sacs from epidemic typhus eggs opened soon after death of the embryo 
and tested in mice by the intravenous route, 192, or 31 per cent, killed at dilutions 
of from 1:200 to 1 :1200. This is a lower percentage than was found for murine 
yolk sacs and is no doubt due to the greater resistance of the mouse to epidemic 
typhus. In all probability, a larger number of toxic yolk sacs would have been 
obtained had living infected eggs been tested as suggested by Bengtson and co- 
workers, but it was usually more convenient for practical reasons to test the dead 
ones. We have confirmed their observation that there seemed to be no correlation 
between the toxicity of yolk sacs and the age of the eggs from which they were 
obtained. Pur-ther, the property seemed to be independent of the length of time 
a strain had been maiirtained in passage in eggs. 

Efforts to demonstrate a toxin in spotted fever yolk sacs (Bitter Root 
strain) by mouse inoculation have been almost entirely -without success. lEce 
were very refractorj- but occasionally succumbed to a 1:5 or 1:10 dilution of 
yolk sac administered intravenously. Better results perhaps can be obtained 
by lowering the resistance of the animals through various means. Experiments 
along these lines are in progress. 

Antigen in Yolk Sacs and Yolk of TyphnsJnfected Epps.— Rickettsial sus- 
pensions are Imo-wn to be unstable. We have observed that witlr the passage 
of time fewer organisms were found in smears of vaccines and anti^eim 
although phenol or formalin was used as preservative and the materials were 
Kept at icebox temperature. However, the value of the vaccines and antigens 
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was not impaired, or only slightly so, over a period of' a year, as far as their 
immunizing' or agglutinating properties were concerned. Because of the ease 
with which these organisms disintegrate, it is difficult to Imow wth certainty 
whether antigen found in the supernatant fluid after centrifugation of rickettsial 
suspensions is a true soluble antigen or exotoxin, or merely a degradation 
product of the organisms, and perhaps an endotoxin. In this connection, 
Kligler and Oleinik^^ succeeded in producing necrotic sldn lesions in rabbits 
with typhus yoUc sac suspensions both before and after high speed centrifuga- 
tion, indicating that there was a toxic substance present apart from the rick- 
ettsiae. Again, one cannot be sure that this toxic substance was not a break- 
down product formed during the course of preparation of the material. Casta- 
neda was the first to observe that formalinized rickettsial bodies contained a 
heat-labile substanee®“ and also that a stable specific soluble substance could 
be demonstrated in rickettsial suspensions.®^ Otto and Bickhardt®* concluded 
from their experiments that the toxin produced by rickettsiae is an endotoxin, 
since supernatants and filtrates tested by them were nontoxic. Bengtson and 
co-workers®“ found that yolk sac suspensions which Idlled mice would no longer 
do so after the rickettsiae had been removed by centrifugation. Cohen and 
Chargaff,®® in the first chemical study of the composition of tj^jhus rickettsiae, 
found that there appeared to be two main antigenic fractions. They observed 
that a soluble antigen present in the supernatant of centrifuged suspensions 
resembled one of the fractions present in the rickettsiae themselves but did not 
overlook the possibility that it might have been formed by organisms which 
had autolyzed during cultivation. Topping and Shear®® reported that a soluble 
substance found in the supernatants of centrifuged ether-extraeted suspensions 
had the same immunologic properties as the resuspended sediment containing 
the whole organisms. "We have confirmed this observation and noted in addition 
that the method and speed of preparation of the initial suspension are important 
factors and affect the quantity of soluble antigen obtained. We have found 
that typhus suspensions treated with ether®^ contain more than those prepared 
without this solvent and have endeavored to throw light on the question of 
whether the soluble antigen was separate from the organisms or merely a product 
of autolysis. These experiments will be reported at greater length elsewhere. 
Briefly, two methods of attack were employed, one, the yolk of infected 
eggs was used. In the other, the effect of formalin and of ether on yolk sac 
suspensions of rickettsiae was studied. In aU the experiments, operations were 
carried out with the utmost speed, and rickettsiae were separated from their 
supernatants as fast as possible in order to minimize the effects of autolysis. 

Attempts were made to find soluble antigen in the yolks of infected eggs 
on the assumption that if rickettsiae produce a soluble toxin or other immuniz- 
ing antigen this should be found apart from the organisms in the eggs in which 
they are growing. Yolk was removed from two kinds of eggs infected with 
murine typhus: those in which the embryo had been dead less than ai' hour 
and those of the same lot in which the embryo was still living. Mice vacc mated 
with the supernatants of the centrifuged yolks of both the Uving eggs anc> those 
recently dead showed no immunity when challenged with infectious material. 
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The mice receiving the resuspended sediments, "which contained a very few 
rickettsiae, were immune. When this experiment was done with yolk from 
eggs that had been dead for several hours before being removed from the in- 
cubator, the supernatants immunised mice. In this case the resuspended sedi- 
ments also contained more rickettsiae. We deduced from these experiments that 
no soluble antigen capable of immunizing was elaborated into tlie egg yolk by 
growing rickettsiae, but that when infected eggs were not removed from the in- 
cubator for several hours after death of the embryo, the yolk sacs autolyzed, 
liberating rickettsiae into the yolk. Disintegration of these organisms pro- 
duced soluble antigen capable of immunizing mice. 

Comparisons were made between 10 per cent vaccines made with and with- 
out ether, since it had been noted that ether appeared to hasten dissolution of 
rickettsiae. Suspensions to wiiieh 0.1 and 1 per cent formalin had been added 
w'ere also compared. The large amount of foinnalin was tried on the theory 
that it would "fix” the organisms and delay disintegration. This supposition 
was borne oirt bj^ the microscopic appearance of rickettsiae in saline suspensions 
one year old prepared with the two quantities of formalin. The organisms were 
much sharper and more distinct in the suspensions containing 1 per cent forma- 
lin. The contrast was particularly marked in ether-extracted preparations, the 
rickettsiae in those containing 0.1 per cent formalin being much smaller and more 
faded in appearance, Further, when ether-extracted vaccines were centrifuged, 
more soluble antigen was found in the supernatants of those containing 0.1 per 
cent than of those to which 1 per cent formalin had been added. Thus, in experi- 
mental studies of the antigens of rickettsiae, it would seem adnsable to omit 
the use of ether in the starting material and to add more formalin than is cus- 
tomarj' in vaccine preparation. 


SUSIM.yiY 


1. Procedures for rickettsial cultivation in fertile eggs are described that 
have given good results in our hands. 

2. The age of chick embryos, the temperature of incubation, and the con- 
centration of the inoculum are aU important factors and are interrelated. 

3. The chick embiyo was found to be more susceptible to epidemic tj-phus 
and virulent spotted fever than was the guinea pig. The susceptibility of these 
two hosts appeared to be about the same for murine tjqihus. 

4. No neutralization in eggs of tj-phus or spotted fever rickettsiae with the 
respective rabbit immime globulins could be obtained. 


5. A liigher percentage of lethal yolk sacs wms foimd from murine- than 
from epidemic-infected eggs when the yolk sacs were tc.sted for toxicity by the 
intravenous route in mice. 

6. Studies of yolk and yolk sac antigens of typhus-infected eggs indicated 
that the immunizing antigens found in the supernatants of centrifuged rick- 
ettsial suspensions occurred as the result of dissolution of rickettsiae during 
growth or manipulation. 


of ” indcUtea to .Tane McKinney, for technical a<;siEtance 


in 


some phases 



54 


FITZPATRICK 


REFERENCES 

1. Goodpasture, E. W.: The Developing Egg as a Culture Medium, J. Lab. & CuN. Med. 

26: 242, 1940. 

2. Zia, S.; The Cultivation of Mexican and European Typhus Eiokettsiae in the Chorio- 

allantoic Membrane of the Chick Embryo, Am, J. Path. 10: 211, 1934. 

3. Bengtson, I. A., and Dyer, E. E.: Cultivation of the Virus of Eocky Mountain Spotted 

Eever in the Developing Chick Embryo, Pub. Health Eep. 60: 1489, 1935. 

4. Barykine, W., Eompanecz, A., Bauer, E., and Botcharova, A.: TJne nouvelle methode de 

cultiver le virus exanthhmatique, Proc. 2nd Intemat. Congress for Microbiologj', 
London, 1936, p. 322. 

5. Cox, H. E.; Use of Yolk Sac of Developing Chick Embryo as Medium for-Growing 

Eickettsiae of Eocky Mountain Spotted Fever and Typhus Groups, Pub. Health 
Eep. 53: 2241, 1938. 

6. Tchang, J., and Mathews, G. B.; Culture of Eickettsiae of Chinese Typhus in Yolk 

Sac of Developing Chick Embryo, Chinese M, J. 67: 47, 1940. 

7. Tchang, J., and Mathews, G. B.: Anti-typhus Vaccine Prepared From Eickettsia 

Prowazeki Cultivated in the Yolk Sac of the Developing Chick Embryo, Chinese 
^ M. J. 68: 440, 1940. 

8. Fitzpatrick, F. K.: Agar-slant Tissue Cultures of Spotted Fever Eickettsiae, Proc. 

' Soc. Exper. Biol. & Med. 39: 501, 1938. 

9. Macchiavello, A.: Investigaciones sobre la Bacteriologia o Immunologia del Tifo Ex- 

antemhtico, Santiago, 1938, p. 49. 

10. Topping, N. H.: Preservation of Infectious Agents of Some of the Biekettsioses, 

Pub. Health Eep. 65: 545, 1940. , 

11. Bengtson, I. A.: Epidemic Typhus Vaccine: Preparation of Seed Virus for the 

Inoculation of Eggs and of Lethal Material for the Neutralization Test in Mice, 
Nat. Inst. Health Bull. 183: 36, 1945.* 

12. Fitzpatrick, F. K.: Vaccination of Mice Against T 3 phus, Proc. Soc. Exper. Biol. & 

Med. 69: 188, 1945. 

13. Kurotchkin, T. J., and Wycko^ E. W. G.: Immunizing Value of Eiokettsial Vaccines, 

Proc. Soc. Exper. Biol. & Med. 46: 223, 1941. 

14. Castaneda, M. E.: Bole of Body Temperature in Experimental Typhus Infection: 

Generalized Eickettsial Infection of Peritoneum in Guinea Pigs, ' Babbits and 
Sheep, J. Immunol. 33: 101, 1937. 

15. Moragues, V., and _ Pinkerton, H.: Variation in Morbidity and Mortality of Murine 

Typhus Infection in Mice With Changes in Environmental Temperature, J. Exper. 
Med. 79: 41, 1944. 

16. Unpublished experiments. 

17. Fitzpatrick, F. K.: Studies on Eickettsial Agglutination in Typhus, J. Lab. & Clin. 

Med. 30: 577, 1945. 

18. Burnet, F. M., and Galloway, I. A.: Propagation of the Virus of Vesicular Stomatitis 

in Chorio-allantoio Membrane of Developing Hen's Egg, Brit. J. Exper. Path, 16: 
105, 1934. 

19. Higbie, E., and Howitt, B.: Behavior of Virus of Equine Encephalomyelitis on 

Chorioallantoic Membrane of Developing Chick, J. Bact. 29: 399, 1935. 

20. Blattner, E. J., and Cooke, J. V.: Virus Infection and Virus Immunization Studied 

by Use of Chick Chorioallantoic Membranes, Am. J. Dis. Child. 60: 756, 1940, 

21. Calkins, H. E., and Bond, G. C.: Adaptation of Virus of Epidemic Keratoconjunctivitis 

to Development in Extra-embryonic Fluids of Chick Embryo, Proc. Soc. Exper. 
Biol. & Med. 66: 46, 1944. 

22. Habel, K.: Cultivation of Mumps Virus in Developing Chick Embryo and Its Ap- 

plication to Studies of Immunity to Mumps in Man, Pub. Health Eeo. 60: 201, 
1945. ^ 

23. Weil, A. J., and Gall, L. S.: Chemo-therapeutic and Immuno-therapeutio Testing of 

Eborthella Typhosa in Developing Chick Embryo, J. Immunol. 41: 445, 1941. 

24. Weil, A. J., and Johnson, S. J.; Protective Test in the Developing Chick Embryo 

With Hemophilus Influenzae Type b, Proc. Soc. Exper. Biol. & Med. 68: 201, 1945. 

25. Emmart, E. W., and Seibert, F. B.: The Effect of Tuberculous and Sensitized Sera and 

Serum Fractions on Development of Tubercles on the Chorio-allantoio Membrane 
of the Chick Embryo, J. Immunol. 60: 143, 1945. 

26. Breinl, F.: Die Erreger des Fleckfiebers und des Felsengebirgsflebers, Zentralbl. f. 

Bakt. 138: 129, 1937, ’ 

27. Pinkerton, H.: Personal communication. 

28. Sawyer, W. A., Meyer, K. F., Eaton, M. D., Bauer, J. H., Putnam, P,, and Schwentker, 

F. F.: Jaundice in Army Personnel in the Western Region of the United States. 
and Its Relation to Vaccination Against Yellow Fever, Am, J. Hyg. 40: 95, 1944. 

•Scheduled for puhllcatlon, Peb. 19, 1943 ; withheld for security reasons. 



SXtJDIES ON CUI/nVATlON OF RICKETTSIAE IN EGGS 


55 


29. Qildemeiater, E., and Haagen, E.; Heckfieberstudien; Nachweis cines Toiina in 

EickettsieaT-Eikulturen (Eickettsia mooseri), Deutsche med, Wchnschr. 66: 
' 878, 1940, 

30. Bengtson, I. A., Topping, N. H., and Henderson, E. G.; Epidemic Typhus: Demonstra- 

tion of a Substance Lethal for Mice in the Tolk Sac of Eggs Infected With 
Eickettsia Prowazeki, Nat. List. Health Bull. 183: 25, 1945.* 

31. Hligler, I. J., and Oleinik, E.: Presence of a Labile Toxin in Yolk-Sac Cultures of 

Eickettsiae, Nature, London 154: 462, 1944. 

"32. Castaneda, M. E.: Antigenic Eelationship -Between Proteus X-19 and Typhus Eick- 
ettsiae; Study of Common Antigenic Factor, J. Erper. Med. 60: 119, 1934. 

33. Castaneda, M. E.: Studies on Mechanism of Immunity in Typhus Fever; Allergic 

and Toxic Eeactions Produced With Eickettsia Prowazeka, J. Exper. Med. 64: 
701, 1936. 

34. Otto, B., and Bickhardt, E.: Ueber das Gift dor Flecfcfleberrickettsien, Ztschr. f. 

Hyg. n. Infektionskr. 123: 447j 1941. 

35. Cohen, 8., and Chargaff, E.; Studies on Composition of Eickettsia Prowazeki, J, Biol. 

Cbem. 154: 691, 1944. 

36. Topping, N. H., and Shear, M. J.: Studies of Antigens in Infected Tolk Sacs, Pub. 

Health Eep. 59 1671, 1944.t 

37. Graigie,_J.: Application and Control of Ethyl Ether — Water Interface Effects to Sepa- 

ration of Rickettsiae From Tolk Suspensions, Canad. J. Eesearch 23: 104, 1945. 





LIVER FUNCTIONAL IMPAIRMENT IN THERAPEUTIC 5IALARIA 
WITH PARTICULAR REFERENCE TO THE UNSUCCESSFUL 
USB OP METHIONINE AS A PROTECTR^E AGENT 

C. D. Cook, M.D., and P. W. Hoffbauer, M.D. 

Minneapolis, Minn. 

M alaria inocula produces transient but readily detectable inipaiment of 
liver function. Kopp and Solomon^ noted bronisulfalein retention, a 
decrease in cliolesterol esters, a diminished hippuric acid excretion, and the 
development of a strongly positive eephalin-cholesterol flocculation test in nine 
patients. Evidence of liver functional derangement was likewise observed by 
Fredricks and Hoffbauer- in thirty-one patients receiving malarial therapy. 
In the latter study, the evidence of disturbed liver function consisted of mild 
elevations of serum bilirubin, increased excretion of urobilinogen in the urine, 
retention of bromsulfalein, and the development of positive eephalin-cholesterol 
flocculation tests. Jn a recent report Guttman and associates^ have clarified 
the mechanisms bj'^ which tlie eephalin-cholesterol test becomes positive in 
malaria. They emphasize the profound changes in the serum proteins, changes 
that in aU probability reflect deranged hepatic function. 

The development of abnormalities of liver function has been quite constant. 
It was evident that malaria inocula represented one form of liver injury in hu- 
man beings in which a clinical study might be made of the possible effective- 
ness of substances which are believed to protect the liver against injury. 

The sulfur containing amino acid, methionine, has been reported by Miller 
and Whipple^ to be the most effective factor in the protection of the liver against 
chloroform damage in protein-depleted dogs. Spontaneous liver injury de- 
velops in rats when the protein intake is inadequate, as in sjTithetic diets con- 
taining 10 per cent or less of casein. That the addition of methionine to such 
diets prevents the injui-y has been demonstrated by Gyorgj'- and Goldblatt,° 
Webster,® Blumberg and McCollum," and Lillie, Daft, and Sebrell.® Additional 
evidence for the liver protective action of this amino acid is presented in the 
experimental studies of Himsworth and Glynn® and Goodell, Hanson, and 
Hawkins.^® The latter gi’oup reported some degree of protection against arsen- 
ical injmy of the liver in the protein-depleted dog. There is thus ample evi- 
dence from experimental investigations that metliionine aids in the protection 
of the liver against toxic agents in tlie presence of a protein-deficient diet. 

The evidence for the beneficial effect of methionine wheir the diet prior 
to the injuiy was presumably not deficient in protein is not, however, as clear 
cut. Beattie and MarshalP^ I’eport that the occurrence of liver damage during 
arsenical treatment of sj^hilis can be gx’eatly reduced by the administration of 
methionine or casein digests. The latter are lulo^vn to he a potent source of 
methionine. In a large series of cases of infectious hepatitis and postarsphena- 
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mine jaundice, Beattie and report veiy beneficial results by the use 

of metbionine or of metliionine containing supplements. Eddjy^> ” m t^YO re- 
cent reports, lias commented favorably on the clinical use of this substance. 

When methionine administration is subjected to critical analysis, as, for 
example, using it for alteniate cases of hepatitis, its lack of clinical lalue be- 
comes apparent. Two such studies have been reported in England. ^ Wilson, 
Pollock, and Harris'*'* studied a series of 100 cases of infective hepatitis. Al- 
ternate patients were given 5 Gm. of methionine daily. A comparison of clin- 
ical and chemical criteria revealed no significant effect. In a similar study of 
thirtv-seven patients, Higgins and co-workers*'' found that treatment with 
methionine did not significantly affect the clinical course of the illness, the 
anorexia, or the average duration of biliuria or of bilirubinemia. ” 

The purpose of the present study was to determine whether methionine, 
given during therapeutic malaria, would prevent the alterations in liver func- 
tion which would otherwise be expected.** 


JI.ATERLII. AND METHODS 


This study comprised a gi'oup of twelve patients admitted to the University 
of ilinnesota Hospitals for fei'er therapy by inoculation malaria. All but one 
(Case Pi) were admitted to the Dermatological Senice.i The pei-tinent clinical 
data on these patients are shown in Table I. None of the patients had been 
previously subjected to malaria and none had had jaundice or infectious hepa- 
titis in so far as could be determined by the history. In no case was there any 
physical eiddence of hepatic disease at the time of admission (such as hepa- 
tomegaly, splenomegaly, evidence of collateral circulation, spider nevi, palmar 
erjihema). 

The malarial inoculation was carried out with citrated blood containing 
Plasmodium vivax parasites. The route was intravenous in eleven of the 
patients and intramuscular in one (Case F). The plan of the malarial fever 
therapy is to maintain a fever of over 103° F. for a total of fifty hours. This 
usually comprises from seven to eleven paroxysms. 

AU patients were offered the general hospital diet both before and during 
the fever. The average daily caloric intakes and the average amounts of carbo- 
hydrate, protein, and fat ingested daily during the course of the malaria are 
•sho-wn in Table I. All patients received fluids ad libitum. They were each given 
3 Gm. of sodium chloride daily in addition to the table salt used. Alternate 
patients were given a supplement of 2.7 Gm. of methionine§ three times a day 
with meals, a total of 8.1 Gm. daily. 

Under the regime described, seven of the patients lost more than three 
pounds in weight, the greatest loss being twenty-one pounds; five patients were 
to maintain their admission weight or showed only slight loss. In the 
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twelve patients, the average number of chills was 8.8 and the average number 
of hours of fever over 103° was forty-two. 

Four laboratory methods of detecting disturbed liver function were used. 
They were selected on the basis of sensitivity and simplicity. Determinations 
were carried out on three occasions in each instance; (1) prior to the develop- 
ment of fever, (2) approximately half^vay through the course of the malarial 
paroxysms, (3) from one to three days after the termination of fever by quinine. 

The level of the serum bilirubin was measured by the modification of the 
Malloy and Evelyn technique'® recently published by Ducci and 'Watson.'* The 
one-minute or prompt direct-reacting bilirubin rarely, if ever, exceeds 0.2 mg. 
per 100 c.c. under normal circumstances.* The total bilirubin, measured after 
additions of alcohol, is usually less than 1.0 mg. per 100 c.c. Elevations of the 
delayed- and indirect-reacting bilirubin (total minus one minute or T - 1-minute 
fraction) are characteristic of retention jaundice, while elevations of the one- 
minute or prompt direct-reacting bilirubin are seen in regurgitation jaundice, - 
whether due to parenchymal liver disease or extra hepatic biliary obstruction. ■ 

The bromsulfalein test is a helpful means of recognizing impaired liver 
function in the nonjaundiced patient. The technique advocated by hlateer, and 
co-workers'® was employed in the present study. Five milligrams of the dye 
per kilogram of body weight were given intravenously in the fasting state. A 
single sample of blood was withdrawn at forty-five minutes. The determina- 
tions were made on the serum after protein precipitation. The concentration 
of the retained dye was determined in the Evelyn photoelectric colorimeter; a 
concentration of 10 mg. per 100 c.c. was considered to be 100 per cent. This 
is based on the arbitrary assumption of a plasma volume of 50 c.c. per kilogram 
as explained by Lichtman.'® Normal individuals show no letention of the dye 
at forty-five minutes. The use of the photoelectric colorimeter permits a more 
sensitive and accurate reading than can be obtained with the comparator block. 

The excretion of increased amounts of urobilinogen in the urine is believed 
to be an evidence of reduced hepatocellular function. The method of estimating 
the intensity of the Ehrlich reaction®® was employed. This is not a precise 
method of determining urobilinogen, but it reveals increases of the latter sub- 
stance with sufficient accuracy and faithfulness for plinippl purposes. The 
amount of Ehrlich-reacting substance is recorded in Ehrlich “units” for a, 
two-hour urine sample from (2 to 4 p.m.). Ninety-five per cent of normal in- 
dividuals between the ages of 18 and 25 years were found to excrete less than 
1 unit in the two-hour sample. While the e.xact upper limit of normal for all 
ages and conditions, such as exertion, fatigue, and t^e of diet, cannot be stated, 
it is believed that values above 1.5 are in all probability abnormal.* In most 
instances in the present study, analyses were made on samples from 2 to 4 
P.M. collected on two successive days during each of the three periods. 

. The development of a positive cephalin-cholesterol flocculation reaction in 
parenchjmal hepatic disease as observed initially by Hanger®' is weU known. 
The occurrence of a positive test in malaria has been noted by Zopp and Solo- 
mo^by Greene,®® and by Mirsky and associates.®' The studies of Guttman and 

•Personal communications from Dr. C. J. Watson. 
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co-workers^ demonstrate clearly the relationship of this phenomenon to altera- 
tions in the serum proteins induced hy malaria. In the study of Fredriela and 
Holfbauer,^ referred to previously, twenty-two of twenty-eight , patients ex- 
hibited 3 plus or 4 plus reactions immediately after completion of malarial 
therapy. The values in that study were i-eported as forty-eight-hour readings. 
In the present group of cases, the values are reported as the twenty-four-hour 
reading; lower values, 2 plus and 3 plus reactions, Iiave gi-eater significance 
at twenty -four than at forty-eight hours. 

RESUL.TS 

In Pigs. 1 to 4 are illustrated the results of the liver function tests before, 
during, and after malaria therapy m the control patients and in the alternate 
patients with methionine added to their diets. 

Studij of Liver Function in Therapeutic Malaria 
Cephalin Cholesterol Flocculation 
(Fead/nqs at 2^ houri) 



Before Durinq After Before Durinq After 

Fiff. 1. — Cephalin-cholesterol flocculation test in twelve patients receiving induced malarial 

levers. 

The eephalin-cholesterol flocculation test is shown in Pig. 1. It is apparent 
that there is no appreciable difference between the control and methionine-fed 
groups. It was observed that the test tended to become positive rather late in 
the course of the malaria and remained positive after the malaria had been 
terminated. 

The results of the one-minute and total serum bilirubin determinations 
are shown in Pig. 2. It is seen that the total serum bilirubin was elevated 
during malaria in seven patients and within normal limits in five. Of these 






liver EUNCTIOXAL IMPAIR51EXT IX THERAPEUTIC MALARIA 


61 


five, one was in the control group and four were in the methionine-fed group. 
One patient (Case C) showed a unifomlj- high serum bilirubin throughout the 
period of study. This patient undoubtedly had a rather pure retention jaundice, 
probably of hemobTic type, since the mean cell diameter of the red blood cells 
was but 6.8 ;j., and the fragility was moderately increased (Hx 0 ' 30 . H.- 0.32; 
control, Hx 0.44, H-. 0.32), Unfortunately, the feces urobilinogen was not de- 
• termined. It is of interest to note that the level of the total serum bilirubm 
in this patient actually decreased slightly during the febrile period, although 
there was a slight increase in the concentration of the one-minute bilirubin. 


Studq of Liver Function in Therapeutic MoJoria 
Serum B//frubin 



Before 


During 


After 


Before 


During 


After 


2.— The quantUalive Ferum hilirubin aetermination in twelve patients receiving 
io ^The upper limit of the one-minute value in the normal is accepted 

lbnoL?,^ln?u"al"vSlutfn Case°a text.'"'' *his and of the 


This decrease is someivliat difficult to reconcile tvitli the usual explanation of 
retention jaundice, namely, diminished hepatocellular ability to clear the blood 
bihrubm. Tliere was, in all probability, an acttial increase in production of 
bilirubiii during this period because of the increased rate of blood destruction 
which is so characteristic of malaria. Despite the increased load, the liver 
appeared to have actually “cleared” the bilirubin more effectively, if one can 
3 udp irom the values noted. The patient was studied six months later and 
again the total serum bilirubin was elevated, 2.6 mg. per 100 c.c.. altbon<rb the 
one-minute reading was only 0.2 mg. per 100 c.c. The liver and spleen at this 
ime were enlarged and readily palpable. As alreadv noted, the frarilitv of 
he cvj-throeytes was somewhat increased. The red blood cell count and the 
hemoglobin imlucs were normal. The number of circulating retieuloci-tes was 



Ftg. 3. — The quantitative urine Ehrlich reaction, a measure of urobilinogen excretion. 
In twelve patients receiving Induced malarial fevers. The upper limit of normal by this 
method is 1.5 units. 
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Flg^ 4,— —Degree of bromsulfaleln retention In twelvd patients receiving Inrtiimt malarial 
Skm^of^lS^y'^^a?ghr^^ forty-five minutes after the i^ecUon '’rIg;"of"‘me dye par 
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normal. Tims the evidence, althotigli equivocal, suggests that the case is more 
likely an example of latent familial hemolytic jaundice rather than constitu- 

tiond hyperbiliruhinemia. . / 

The Ehrlich reaction on 2 to 4 p.m. urine samples on two consecutive days 
before, during, and after malaria is shown in Fig. 3. This value was elevated 
in nine of eleven patients in whom the test was performed during malaria ^d 
in seven of eleven patients in whom the test was performed following termina- 
tion of the malaria. No appreciable difference was noted between the results 
in the control patients and those given methionine. 

The results of the bromsulfalein test are shown in Pig. 4. Positive results 
are noted in every instance during malaria. In one instance (Case H) the 
initial test was not run until the patient had already had seven and one-half 
hours of fever over 100° P. ; 19 per cent retention was observed. At the same 
time, in this instance, all the other tests were still within normal limits. Later, 
as is shown in Fig. 4, the degree of dye retention in this patient (Case H) was 
still greater (29 per cent) . Again there was no appreciable difference between 
the control and the methionine-fed groups as judged by the bromsulfalein test. 


DISCUSSION 

Impairment of liver function, detectable by suitable laboratory tests, has 
again been observed in patients receiving therapeutic malaria. These patients 
have been studied in order to evaluate the possible protective effects of extra 
methionine over and above that contained in the diet. Such a method of clinical 
evaluation seemed especially desirable in view of some of the favorable clinical 
reports^^'*® on the beneficial effects of methionine in hepatic disorders. In six 
patients with malaria, methionine, given orally in doses of 8.1 Gm. daily, exerted 
no beneficial effects that could be detected. The methionine-treated patients 
exhibited the same abnormalities as did those in the control group. The disturb- 
ances in liver function are usually transitory and revert to normal sometime 
after termination of the fevers. 

SUMMARY 


1. Twelve patients with therapeutic malaria were studied before, during, 
and after the malaria with regard to liver function. Four laboratory tests, the 
cephalin-cholesterol flocculation, the quantitative serum bilirubin, the quanti- 
tative Ehrlich reaction, and the bromsulfalein test, were used. 

2. Alternate patients, six of the twelve, were given 8.1 Gm. of methionine 
orally per day in addition to a general hospital diet. The other six served as 
controls and received the same diet without extra methionine. 

3. All twelve of the patients studied exhibited some evidence of disturbed 
hepatic function as measured by the four tests. 

4. In ten of the twelve patients, there were functional abnormaUties from 
one to three days after the termination of the malaria. 

5. The daily addition of methionine to the diet failed to provide any evi- 
dence of protection of liver function. 


The authors rrish to eipress their appreciation to Dr. C. J. Watson for his 
meat and helpful suggestions in this study. 
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THE FORilATION AND EXCRETION OP ACETYLATED 
SULFONA3IIDES 

IvARL H. Beyek, Horace F. Russo, Elizabeth A. Patch, 

Laavrexce Peters, and Kenneth L. Sprague 
Glenolden, Pa. 

W HILE a fairly comprehensive literature on the pharmacologj* of the prin- 
cipal sulfonamides exists, the sj-stematic investigation of their acetylated 
derivatives has been neglected, comparative!}*, except in a few instances. How- 
ever, we have felt that a faiidy comprehensive study of their rates of acetylation, 
the plasma protein bindmg of tlie acetylated forms,' their renal clearance and 
the effect of alkali thereon, and the rate of falling plasma concentration of these 
conjugated sulfonamides would jneld information of considerable benefit to 
the over-all understanding of the pharmacology of these agents. The acetylated 
forms of sulfamerazine, sulfadiazine, suKamethazine, and sulfathiazole have 
been the compounds used in this investigation. 

EXPEBDIENTAL 

SUuiy of the Bate of Acetylation . — ^A study of the rate of acetylation of 
sulfamerazine, sulfadiazine, sulfamethazine, and sulfathiazole was carried out in 
two-stage bilaterally nephrectomized rats. This operative measure was con- 
sidered desirable since the rate of acetylation and the clearance of both the free 
and combined forms of the compounds valued considerably. Actually, curves 
presented in the literature representing the amount of conjugated suKonamide 
appearing in the blood stream are integrations of the operation of these several 
factors. 

Albino rats weighing between 200 and 300 grams were nephrectomized 
unilaterally and allowed ten days or longer in which to recover from this first 
stage. Following recovery the second kidney was removed late in an afternoon 
and the animals were allowed to recover overnight from the surgical procedures. 
This tended to minimize the shock of the operations, to }*ield a low mortality, 
and to produce animals wliich lived for about ninety-six hours. 

The morning following surgeiu* the rats were injected intraperitoneally 
\sith 50 mg. per kilogram of one of the sulfonamides. Free and total sulfon- 
amide determinations' were made on samples of whole blood obtained two, four, 
six, and twenty-four hours after administration of the compounds. Thus the 
experiments were completed while the animals could be considered reasonably 
normal. 

The results are presented in Fig. 1. The cun,'es for any one drug repre- 
sen^ie average percentage acetylation using approximately seventeen animals. 

DoUm^lnc. Department of Pharmacologj-. The Medical Research Division. Sharp and 
Received for publication, Oct. 15. 1945. 
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Most notable is the very rapid and extensive acetylation of sulf athiazole ; sulfa- 
merasdne is conjugated slowest and to the least extent. Of the suKonamide pres- 
ent in the blood stream twenty-four hours following administration, the per- 
centage of each conjugated was 69.4 for suKathiazole, 47.7 for sulfamethazine, 
42.9 for sulfadiazine, and 35.7 for sulfamerazine. However, it is possible that 
these absolute values are not as reliable as the early rates of conjugation, if it 
be acknowledged that over a long period of time the free and combined com- 
pounds could be excreted into the gastrointestinal tract or otherwise eliminated 
at different rates. 



Flsr. 1. — ^Demonstrating: the percentage acetylation of sulfonamides In bilaterally nephrectorolied 
rats as calculated from their free and combined concentration In blood. 


As a check on these results, Ave repeated the experiments using normal rats 
and the same dosage of sulfonamides. Since the blood levels fell off rapidly, 
and the differences between free and total sulfonamide were not great, these 
data have been omitted from Pig. 1. The absolute values for these are included 
in Table I. The principal difference between the two sets of data is that in the 
latter experiments the percentage of combined sulfamerazine in the blood stream 
was slightly greater throughout than that, of combined sulfadiazine. This is in 
accordance with the findings of Welch and associates.® 

The data on the bilaterally nephrectomized animals, especially the twenty- 
four hour values, while not complicated by urinary excretion, do not account for 
the gradual falling off of both free and total sulfonamide content of the blood 
(Table I), which is probably due to excretion directly into the gastrointestinal 
tract, indirectly through the hepatobiliary system, or inactivation in some other 
manner. 
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TABLE I COltPAKISON OF FALUNO PLASMA CONCENTEATIOX OF FEEE ACT TOTAL STJLFOSAMTDES 
IN Normal and Bilateeallt NEPHEECTOiiiZED Eats Follotvino the Intf-apepjtoCTAl 
Administration of 50 Mo. pee Kiloqeam (Data Eepeesents Average 
Figures [Milugeams pee 100 c.c.] foe Feom Twelve to 
Seventeen Animals foe Each Expepjment) 


— ; 

' EULFAMEEAZINE 

SULFAMETHAZINE 

SULFADIAZINE 

1 SULfATHI- 

azole 


NEPHPXC- 





1 

1 NEPHEEC- 1 



IfEPHREO- 


TOMTZED 

1 NORMAL 

1 TOinZED I 

1 NORMAL 


1 NORMAL 

1 tomized 


FREE TOTAL 



FREE 1 

TOTAL 1 

FPnE 

TOTAL 






total 


DRUG DRUG 



drug] 

DECO 

DRUG 

DRUG 






DRUG 



■B3 


-6.5 

7.4 

7.5 

8.2 

8.4 

8.9 

6.9 

7.1 

3.8 


4 

: 7.3 8.1 


6.3 

5.6, 

7.4 

5.5 

6.1 

7.9 

8.9 

5.2 

5.3 

2.8 


6 

i 6.5 7.5 

5.2 

5.5 

4.6 

6.6 

4.0 

4.4 

7.0 

8.4 

4.2 

4.1 

2.1 


24 3.4 5.3 

1.0 

1.2 

2.0 

4.0 

0.2 

05 

3.8 

6.8 

0.4 

0.7 

0.8 

2.6 


Since in these experiments we eliminated the renal factor in the pharmaco- 
dynamic picture, the renal clearance of the compounds was evaluated as a sepa- 
rate study. 

Renal Clearances of Acetylated Sulfonamides . — ^The renal clearances of 
acetylated sulfonamides were investigated in dogs in a manner strictly com- 
parable to the procedure which we previously described.^ Briefly, simultaneous 
sulfonamide and creatinine clearances were performed before and after the 
oral administrations of 7 Gnu of sodium bicarbonate, or additional water. The 
bicarbonate or water was added to alkalize the urine or induce diuresis, the two 
common procedures for decreasing the tendency of sulfonamides to produce 
crystalluria. The amount of sulfonamide administered subcutaneously at the 
beginning of each experiment was 0.5 Gm. 


Table IL Summary of Data on Eenal Cleaeancp of Acetylated Sulfonamides normally 
ACT AS Influenced by Alkalization act Diueesis 




PLASMA 1 








ADMIIT, 

concen- 







SOD. 

teation ! 


CEEAT- 

SULFON- 




BICARB. OR 

(MQ./ i 

URIKE 

inine 

AAUDE 

cleae- 


1 

ADD. 

100 

(VOL./ 

clear- 

CLEAR- 

ANCE 


sulfonamide 

water* 

c.c.) 

MIN.) 

ANCE ! 

ANCEt 

EATIO 

pH 


Effect of NaUCO, (pS) 


Acetylsnlfamerazine 

xtcetylsulfametliaaiie 

Acetylsnlfadiazine 

Acctylsnlfathiazole 

Acctylsulfamerazine 

Acctylsulfamethazine 

Acctylsulfafliazine 

Acctylsalfathiazole 

•B, BatQre; A, Afte. 


B 

4.6 

4.26 

59.2 

58.4 


6.25 

A 

3.9 

4.74 

62.7 

71.3 

1.23 

7.45 

B 

5,8 

3.61 


44.4 


6.41 

A 

6.5 

4.38 

54.8 




B 

4.4 

452 

63.3 

56.6 


6.38 

A 

4.1 

3.38 

57.5 

62.3 


7.97 

B 

5.5 

4.46 

69.7 

122.8 

1.78 

6.49 

A 

4.4 

3.35 

65.1 

176.5 

2.71 



Effect on Low and Bigh Urine Plow 


B 

4.4 


68.8 

59.6 

0.88 

5.80 

A 

4.1 

550 

70.1 

79.6 

1.12 

6.40 

B 

6.6 

0.50 

54.7 

34.4 

0.61 

6.84 

A 

6,4 

4.05 

61.8 

455 

0.72 

6.50 

B 

4.6 

0.64 

56.1 

50.8 

0.88 

653 

A 

3.4 

4.67 

60.8 

62.8 

1.02 

6.49 

B 

5.1 

0.42 

615 

92.3 

1.51 

7.59 

A 

4.1 

4.32 

63.0 

157.6 

2.51 

6.52 


tCorrcctcd for blndlnc on plaema albamln. 
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The data averaged in Table 11 demonstrate much higher renal clearances 
of the acetjdated compounds than of the corresponding free dimgs. The average 
normal clearances in cubic centimetei-s per minute were acetylsulfamerazinc, 
58.4; acetylsulfamethazine, 44.4; acetylsulfadiazine, 56.6; and- aeetylsulfa- 
thiazole; 122.8. The clearances of the corresponding unacetylated amines were 
sulfamerazine, 9.3; sulfamethazine, 7.1; sulfadiazine, 15.8; and sulfathiazole, 
35.4." 

While either alkalization or increasing urine flow increased the clearances 
of the acetylsiilfonamides, their effects were not as pronounced on a percentage 
basis as were their effects on the uneonjugated compounds. However, the fact 
that both these measures increased the clearances of the compounds, even where 
their normal clearance ratios were about or above 1.0, made it appear that they 
were reabsorbed passively to some extent and that this property was influenced 
considerably by the concentration of electrolyte in the urine. This was espe- 
cially notable in the case of aeetylsulfathiazole. 

There are several reports that indicate that the aeetj'lated forms of those 
sulfonamides tested are secreted by the renal tubular epithelium of man. Thus, 
Earle^ found the average clearance ratio for sulfamerazine to be 0.15, whereas 
the corresponding value for acetylated sulfamerazine was 2.42. Parenthetically, 
a value for clearance ratio less than 1.0 indicates active or passive reabsorption; 
a value greater than 1.0 is taken to indicate tubular e.\cretion of a compound. 
Loomis and eo-workei-s" reported the cleai'ance ratio of sulfanilamide to be 0.45 
and that for acetylsulfanilamide to be 1.03. These data are not corrected for 
binding of the sulfonamide on plasma pi'otein and hence are not strictly com- 
parable to Earle’s results, although such a correction would not influence these 
data qualitatively or to a great extent quantitatively, judging from the re- 
ported figures for the plasma binding of sulfanilamide" and from what is re- 
ported herein about the comparative binding of free and acetylated sulfonamides. 
Eeinhold and associates" found the clearance ratios of free and acetyl sulfa- 
diazine to be 0.31 and 0.82; sulfathiazole, 0.87 and 2.11; and, interestingly 
enough, sulfapyridine, 0.28 and 0.23. On the whole, it appears that both man 
and dogs tend to reabsorb and so retain the therapeutic fonn of the drags and 
to excrete the inactive form of the agents at a rclativelj’- veiy rapid rate. By con- 
trast, penicillin, the principal representative of another class of chemotherapeu- 
tic agents, has the very highest renal clearance. It is cleared from the blood 
stream as rapidly as it is brought to the nephron.® 

Binding of Acetylated Sulfonamides on Plasma Proteins . — The bindin.g of 
acetylated sulfonamides on plasma proteins is, in general, of mueli the same 
order of magnitude as that of the unacetylated or free compounds. This gen- 
eralization is borne out by the data presented in Table III. There are two dis- 
crepancies in the table worthy of note and speculation as to cause. In every 
instance the binding of these compounds on human plasma proteins is greater 
than on dog plasma. The method was the same throughout, being essentially 
the equilibration of sulfonamide in buffer and plasma by diatysis through a 
Visldng membrane and correcting the results to a standard plasma albumin con- 
centration. Also, there appears to be A'ery good agreement between the data 
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Table III. Coiiparison of Binding of Free and Acetylated Sulfonamide on Human- and 
Dog Pl\sma- The Initial EQUiLiBRiuii Concentp.ation on Both Sides of the 
Membrane, 5 Mg. Pep. IOO c.c.-, Tempep.atdpj:, 37° C.; Dupation, Eighteen Hours 
(Eesults Corpj:cted to a Pl.\sma Albumin Concentpation of 4 Gii. Pef. luu 
c.c. FOP. Man and 3.5 Gm. Pep. 100 c.c. fop. Dogs) 


COMPOUND 

1 pef.centage bound 

1 HUMAN PLASMA 

1 / 

DOG PIu^SMA 

Sulfamerazine 

78.2 


36.4 

Acetylsalfamerazme 

79.7 


44.6 

Sulfamethazine 

89.2 


60.7 

Acetylsulfamethazine 

90.4 


64.6 

Sulfadiazine 

44.8 


16.4 

Acetj’lsulfadiazine 

49.1 


28.7 

Sulfathiazole 

70.9 


'53.2 

Acetylsulfathiazole 

75.5 


79.8 


for free and acetylated compounds in human plasma and somewhat more free- 
dom in the comparisons based on dog plasma protein binding, 

Davis has reported,® and we have confirmed his finding, that essentially 
all the binding of sulfonamides is on the albumin fraction of plasma, but we have 
seen that the binding of these same agents varies definitely from one species to 
another. A most interesting observation of Reinhold and Plippin^® which may 
well fit into this discussion was that the binding of sulfonamides on the plasma 
of patients ivith cinhosis or those in the late stages of certain infectious diseases 
was considerably less than normal, although the values were corrected to stand- 
ard plasma albumin concentration. Thus, it appeai-s that not onlj' is the amount 
of albumin altered in these diseases, hut also its binding characteristics. One 
might speculate that this difference in albumin binding of compounds due to 
disease or species difference may be as important as the role of that protein in 
hemodj-namics. 

Plasma binding experiments were performed over a range of concentrations 
from 5 to 100 mg. per 100 c.c. for both the free and acetylated compounds. 
These were for the pm-pose of determining whether the compounds followed the 
conventional Fruendlich isotherm over this range of concentrations. In Pig. 2 
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is illustrated the “fit” of such binding data for a single sulfamerazine experi- 
ment to these conditions as being representative of the group. It is also ap- 
parent that both the unconjugated and acetylated compounds may be repre- 
sented by the same curve. 

Falling Plasma Concentrations of Free and Acetylated Sulfonamides . — The 
falling plasma concentrations of free and acetylated sulfonamides can be com- 
pared easily in dogs by administering either form of a compound 'with the as- 
surance that the free form will not be conjugated. On the whole, then, the rate 
of fall of these plasma concentrations, when the individual sulfonamides are 
administered subcutaneously, is substantially a function of their renal clearances. 


Table IV. Comparison of Plasma Concentrations op Free and Acetylated Sulfonamides 
Following Scbcdtaneobs Administration of 1 Qm. op Drug to Dogs 


average plasma concentration in MO./lOO c.c. 


1 HR. 

2 HR. 

4 HR. 

6 HR. 

12 HR. 

24 HR. 

Sulfamerazine 

8.3 

8.7 

7.6 

6.3 

3.9 

1.7 

Aoetylsulfamerazine 

7.8 

6.9 

4.5 

3.4 

1.4 


Sulfadiazine 

7.5 

7.8 

6.8 

5.4 

2.2 

1.1 

Acetylsulfadiazino 

0.4 

6.4 

5.2 

3.7 

1.5 


Sulfamethazine 

8.4 

8.7 

7.0 

5.5 

3.3 

1.3 

Acetylsulfamethazine 

8.8 

7.6 

6.0 

4.2 

1.7 


Sulfathiazole 

0.5 

6.1 

4.8 

3.1 

1.2 


Acetylsulfathiazole 

7.2 

6.3 

4.0 

2.4 

0.4 



It may be seen, by comparing the data in Table TV, that the fall of the 
plasma concentration of all the acetylated compounds w'as much more rapid than 
that of the free form of the drugs. These data represent averages of eleven 
experiments on seven dogs for the free compoimds and four experiments on four 
dogs for the conjugated sulfonamides. Four of the animals were used for both 
types of experiments. One gram of the drug ivas administered subcutaneously 
to each animal. 

SXmMABY 

This work has served to bring together in a single study a number of the 
principal problems having to do with the formation and elimination of acetylated 
sulfonamides. The results may be summarized in a general manner as follows: 

1. Sulfathiazole is conjugated in the body at a considerably greater rate 
and to a greater extent than are the p 3 nrimidine derivatives. Of the latter group, 
sulfamethazine is conjugated most rapidly and to the greatest extent. 

2. At a given plasma concentration, both the free and conjugated sulfon- 
amides are bound to approximately the same extent on plasma proteins. This 
is e^ecially true for human plasma albumin and less true for dog plasma, which 
normally binds sulfonamides to a lesser extent. 

3. The renal clearances of all the acetylated sulfonamides tested were 
greater than those of the uneonjugated form, the clearance of acetylsulfathiazole 
being by far the greatest. Even though the clearances of the compounds, except 
for acetykulfamethazine, approximated or exceeded the glomerular filtration, 
sodium bicarbonate or the production of diuresis increased still further the 
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clearances of all the sulfonainides. Thus, these measures for the minimizing of 
sulfonamide renal complications appear to impede the probably passive reab- 
sorption of the compounds. 

4. It follows from a consideration of results 2 and 3 that the plasma con- 
centration of the aeetylated forms of these agents should fall more rapidly after 
a single standard parenterally administered dose than after the injection of 
the unconjugated form of the agents. This was found to be true. 

5. Finally, any attempt to integrate all these variables together with those 
for the imconjugated sulfonamides immediately becomes very involved when 
expressed in writing for even a single eompoimd. However, an intimate work- 
ing knowledge of them is requisite to a full appreciation of the advantages and 
limitation of present compounds and is of uppermost importance in the 
pharmacologic evaluation of new chemotherapeutic agents. 
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MISCELLANEOUS PHARMACOLOGIC ACTIONS OP CITRININ 

Wei-Ohang Chu, M.D. 

San Francisco, Calif. 

C ITRININ is the antibiotic substance produced by tlie molds Penicillium 
citrinum Thom,' Asperc/Ulus ierreus Thom,® and Aspergillus candidxis? 
It has been also found in a flowering plant Croiolaria crispata* Its chemical 
composition and structure have been established chiefly b}'^ Hetherington and 
Raistrick' and Coyne, Raistrick, and Robinson.® It is an organic acid but has 
not been sjuithesized. It is stable and can be autoclaved at fifteen pounds of 
pressure for twentj^ minutes without loss of antibiotic power.® It has a fairly 
high antibiotic action on most gram-positive bacteria,®’'’ but, unfortunately, it is 
rather toxic for higher animals.'® 

According to Timonin,® citrinin is useful, though weaker than penicillin, 
in the local ti’eatment of sore tliroat, of the conunon cold, and of abscesses. How- 
ever, nothing" is known, about its local effects, possible injuriousness to mucous 
membranes and skin, and systemic effects and absorption from various regions, 
especially from local applications. This report presents results of various tests 
aimed to provide this desirable information.* 

LOCAL EFFECTS ON SKIN AND MUCOUS MEMBR.VNES 

Skin. — On human and rabbit skin, citrinin in the form of pure powder, 
ointments of from 1 to 5 per cent, and aqueous solutions of from 1 to 20 per 
cent made from its sodium salt produced no demonstrable irritation. When 
injected intradermally in man, the sodium citi-inin in 1 and 2 per cent strengths 
also produced no demonstrable effects. When injected intradermally in rabbit 
skin or subcutaneously, it produced onlj'- slight redness, which was stained lo- 
cally a slightly bluish color after intravenous injection of trypan blue, 10 mg. per 
kilogram, thus suggesting slight capillary dilatation. 

Mucous Membranes. — When the nose and phaiynx of four iiereons were 
spraj'ed by atomizer with citrinin sodium 0.05 per cent (pH 7.0), there was no, 
or barely detectable, irritation; 0.1 per cent caused definite, thougli moderate, 
burning, and 0.2 per cent still more. Spraying, instillation of drops, or topical 
applications with cotton pledgets of solutions of 1 and 2 per cent produced an 
immediate and marked burning sensation ivith laerimation which lastgd for 
about ten minutes. Instilled into conjunctivas of three rabbits, a 1 per cent 
solution produced no effects; 2 per cent, a moderate hyperemia, but no chemosis; 
5 per cent, chemosis wnth profuse laerimation. One-tenth per cent solution pro- 
duced no demonstrable effects on the conjunctivas of turn eats, but 1 per cent 
produced hyperemia, and 2 per cent, chemosis and laerimation. On the frog 
web, 0. 6 per cent solution produced a slight vasodilatation and O.S per cent, a 

oC MeaiSne.*^^ Department of Pharmacology and Therapeutics. Stanford University School 
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marked and persistent vasodilatation. Generally, for mucous membranes, there- 
fore, citrinin is somewhat irritating in concentrations of 0.1 and 0.2 per cent 
but not objectionable in concentrations of 50 mg. per cent used as spray ; much 
higher concentrations are definitely and sometimes markedlj irritating. 

Ciliary Activity . — Isolated frog esophagus was split into halves longitud- 
inally, spread out flat, and the time required for a small granule of cork to tra%'el 
a distance of 1 cm. was recorded. An average of three successive results was 
used as the state of initial activity. Then a cotton pledget soaked with Ringer’s 
solution was applied to one-half the esophagus (control), a pledget soaked with 
citrinin sodium solution (pH 7.0) to the other half, each for fifteen minutes, the 
ciliary activity redetermined, and any differences estimated. 



Pie. 1. — Effect of citrinin sodium in different concentrations on ciliary acUvdty in frog 

esophagus. 

The results on three frogs used for each concentration of citrinin were as 
follows; 0.1 per cent solution produced only a slight sloiving of the ciliary ac- 
tivity ; 0.2 to 0.4 per cent depressed it to about one-third to one-half and 0.6 to 
0.8 per cent to about one-tenth the original activitj*. Sometimes the highest con- 
centrations caused stoppage of the cilia. However, the strongest depression was 
completely reversible by washing with saline solution, when waslied within 
twenty minutes. The results are pre.sented graphically in Fig. 1. 

NERVE FUNCTIONS 

Rc/Icx Tiuic.— The reflex time was detei-mmed by dipping the legs of de- 
capitated frogs into 0.5 per cent hydrochloric acid according to the Tuerck 
method. The average of three results gave the initial reflex time. Then one foot 
was soaked in Ringer’s solution (control) and anotlier in citrinin sodium solu- 
tion, each for fifteen minutes, the reflex time redetermined, and any diiterence 
estimated. The results on three frogs for each solution of citrinin sodium from 
0.1 to 0.6 per cent produced no demomstrable effects on the reflex time With 



74 


WEI-CHANG CHU 


concentrations of 0.8 to 2 per cent the reflex time was doubled, thus indicating 
some depression of sensory nerves. However, complete local anesthesia was not 
produced. 

Contralateral Reflex Time. — The sciatic plexuses of decapitated frogs were 
exposed and contralateral reflex time for legs was determined by electrical stim- 
ulation of an opposite leg, an average result being obtained from three suc- 
cessive determinations. Then one plexus was covered with cotton soaked ia 
Einger’s solution (control) and the opposite plexus with cotton soaked in a 
eitrinin sodium solution, each for fifteen minutes, when the contralateral reflex 
times were redetermined. The average of three frogs for solutions of eitrinin 
sodium from 0.1 to 0.8 per cent showed no differences from the controls, thus 
indicating that sensory conduction in the fibers was not affected. 

Motor Nerve Irritability. — Threshold faradie stimuli were determined for 
the sciatic nerve trunks of frog muscle-nerve preparations. The stimulations 
were made before and after wrapping the nerves with cotton pledgets soaked 
in Emger’s solution (control) and their companions with pledgets soaked in 
eitrinin sodium in concentrations from 0.1 to 0.8 per cent, each for fifteen mm- 
utes, when the thresholds were redetermined. The averages for three frogs used 
for each solution showed that there were no demonstrable changes in sciatic 
nerve irritability. 

ABSORPTION FROM MUCOUS MEMBRANES 

Nose. — eitrinin sodium in 20 per cent solution was instilled in doses of 
from 25 to 120 mg. of eitrinin per kilogram, using 0.1 c.c. of solution every five 
minutes, into the noses of four rabbits, unanesthetized, and two cats and one 
dog anesthetized with pentobarbital (30 mg. per kilogram iritraperitoneally), 
aU animals being tied down on their backs with heads lower than their bodies. 
However, the presence of eitrinin in the blood and urine was questionable or 
practically negligible (Table I). The solutions -were left in the noses for from 
one-haK to two hours. The eitrinin was estimated by Wolohan and Cutting's 
capillary tube system^^ using Staphylococcus aureus, the sensitivity limit to 
eitrinin being an average of 1 ;16,000, and Streptococcus hemolyticus, the sensi- 
tivity limit being an average of 1 ;40,000 (Table II) . 

In two of the cats, the carotid blood pressure was recorded, but no changes 
were demonstrable from the nasal instillations. However, control intravenous 
iniections of 10 mg. per kilogram of eitrinin in the same animals caused a 
prompt faU in blood pressure. Similar nasal instillations of 0.2 c.c. 20 per cent 
mecholyl (0.4 Gm. total) in the same cats caused a prompt fall in blood pres- 
sure, thus showing that the nasal region was functionally capable of absorption. 

Alimentary Caiiai.— Introduction of the same eitrinin solution in the same 
dosage (as in the nose) into the mouths of two similarlj’’ pentobarbitalized cats 
with the esophagus tied at the neck resulted again in questionable or negligible 
amounts in the blood and urine (Table I). Injection into ligated esophagus' 
and stomach, and loops of duodenum, ileum, and colon of twenty-sLx similarly 
pentobarbitalized rats, doses of from 25 to 50 mg. per kilogram, resulted in 
definite absorption from all these organs. Blood levels from all organs of from 
1:4,000 to 1:32,000 (average about 1:15,000) could be detected and of about the 
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TabI£ I. 


Absorption op Citeinin Sommt Feou Deeteeent Eegions and Organs 


CITBININ 

SODlOil 

(MG./KG.) 


- ORGAN OR 1 


REGION 

ANIMAL 


AVERAGE CONCE NTRATION 07 CITRINTN 
i URlNEt 


BLOODt 


50 

Esophagus 

Bat 

25 

Esophagus 

Eat (4)* 

so 

Stoma(£ 

Eat (4)* 

25 

Stomach 

Eat 

50 

Duodenum 

Eat (4)’ 

25 

Duodenum 

Eat 

50 

Deum 

Eat (3)* 

50 

. Colon 

Eat (4)* 

25 

Colon 

Eat 

25 

Nose 

Dog 

25 

Nose 

Cat 

50 

Nose 

Babbit (3)' 

50 

Nose 

Cat 

25 

Mouth 

Cat (2)* 

50 

Intramuscular 

Eat (4)* 

25 

Intramuscular 

Eat 

20 

Intravenous 

Cat 

20 

Intravenous 

Babbit (3) 


1:16,000 

1 : 10,000 

1:9,500 (1:4000 to 
1:16,000)$ 
< 1 : 20,000 
1:12,000 (1:4000 to 
1 : 20 , 000 )$ 
< 1 : 20,000 
1:15.000 (1:400 to 
1:32',000)$ 

1:9,500 (1:4000 to 
1:16,000)$ 

1:20,000 
<1:16,000 (S) 
<1:40,000 (H) 
<1:16,000 (S) 
<1:32,000 (H) 
<1:40,000 (H) 
1:13,000 (1:10,000 
to 1:16,000)$ 
1:10,000 
1:64,000 (H) 
1:64,000 (1:32,000 
to 1:128,000) (H)$ 


<1:16,000 
<1:40,000 (H) 
<1:16,000 
<1:32,000 (H) 
<1:40,000 (H) 


1:16,000 
<1:32,000 (H) 


•Number of animals used ; others were single animals. 

tEstIraatioPS were made with both Staph, aureus and 8tr. hemojyticua, except those 
marhed (S) which were made with Staph, aureus only, and those marked (H) which were 
made with Str. hemolyticus which was more sensitive. The sign «) means less than. 
tRange. 


Table H. MiNiirtiii (Average) Bacteriostatic Concentrations or Citeinin Sodidh 


STAPH. AUREUS STR, HEMOLYTICUS 

1: 34,000 
1:160,000 
1: 65,000 
1; 8,000 
1: 16,000 

1:18,000 

1:40,000 


AUTHOR AND REFERENCE 

Oxford! 

Timonin and Eonatt* 
Timonm and Eonatt® 
Eobinson® 

Chn 

Timonin and Eouatt® 
Chn 


same order as after intramuscular injection. Somewhat smaller doses (20 mg. 
per kilogram) than the smallest used in rats, given intravenously in a cat and 
three rabbits, gave much lower blood levels, the urine showing higher con- 
centrations (Table I). 

CIRCULATORY KFFECTS 

"When given intravenonsly in six dogs and two cats anesthetized with 
pentobarbital sodium, 30 mg. per kilogram, intraperitoneally, 7 mg. of citrinin 
per kilogram caused no appreciable changes in carotid, blood pressure and heart 
rate. Doses of 10 mg. per kilogram produced a definite lowering of blood pres- 
sure with slowing of the heart, contraction of kidney, and increase in leg volume. 
Doses of 60 mg. per kilogram produced a marked fall (50 per cent) in blood 
pressure and slowing of the heart with dilatation of ventricles, followed by re- 
covery in about twenty minutes. There was also contraction of a kidney with 
a simultaneous increase in leg volume. Doses of 100 mg. per kilograra produced 
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a similarly marked though prolonged fall in blood pressure, slowing of the heart, 
passive contraction of a kidne}', and increase in leg volume with variable recov- 
ery. These changes suggested that the depressor action was due partly to 
peripheral -vasodilatation and partly to direct injury of the heart. Very slow 
injections caused little or no changes in the blood pressure, heart and organ 
volume, even with tire highest doses tried, that is, 100 mg. per kilogram. 

Eespiration was always increased in rate and amplitude during the fall 
of blood pressure. After atropinization, the blood pressure, instead of falling, 
was raised 20 or 30 mm. Hg with doses of eitrinin 20 mg. per Idlogram intra- 
venously. Respiration was also increased during the rise of blood pressure. 
Thus, it Avould appear that the respiration was stimulated, in part at least, by 
the eitrinin and not solely by the fall in blood pressure in unatropinized animals. 
The reversal of the depressor to a pressor effect confimed a similar result re- 
ported by Ambrose.^^ Tlie cause of this was not investigated, except that the 
same animals showed the same vasomotor reversal with mecholyl. If confirmed, 
it would suggest that eitrinin possesses a nicotinic action like acetylcholine. A 
nicotine-like action would also explain the marlced periplieral vasodilatation in 
rabbits’ ears reported bj-- Ambrose.^^ Further study of these effects of eitrinin 
might be scientifically interesting, but was deemed unprofitable, since intra- 
venous administration appeared chcmotherapcutieally unpromising. 

MICROORGAXISJIS AND CATALYSTS IN VITRO 

Bacteria . — Citrinin sodium inhibited Staph, anrens in dilutions of 1 :16,000 
in broth and Str. hemohjticMs in dilutions of 1:40,000 in broth. Adding 50 per 
cent fresh human urine to the cultures augmented the bacteriostatic action to 
1:40,000 for Staph, axireus and to 1:160,000 for Str. hcmolyticus. Addition of 
serum had mj effect on the bacteriostatic action. Generally, tliese minimum 
(average) bacteriostatic concentrations cannot be attained in the blood of living 
animals after introducing high doses into the nose and moutli irregularly from 
the alimentary canal (except in rats) but probably can be attained after intra- 
muscular and intravenous injections. From one-half to one-tliird these doses 
might be prohibitive intravenously due to toxicity and tlicse would probably not 
yield bacteriostatic concentrations. ' It is clear that citrinin is much weaker 
against these bacteria than penicillin. The results are summarized and com- 
pared with those of others in Table II. In general, my results indicate a lower 
order of bacteriostatic action than do those of Timonin and Rouatt® and O.xford," 
although greater than Robinson’s® for Staph, aureus but higlier than those of 
Timonin and Rouatt® for Str. hcmolyticus. Tlicse differences may be due to dif- 
ferences in sensitivity of the bacterial strains, although I tried several strains 
with about the same results. 

Paramecium . — Solutions of eitrinin sodium, 1 :100, killed paramecia within 
five minutes; 1:500, in twenty minutes; 1:1,000, in thirty minutes; 1:2,000, in 
six hours; 1:5,000 did not kill even after twenty-four hours. Apparently this 
unicellular organism is rather resistant to citrinin. 

Inorganic Catalysts.— Using Santesson’s method,’-’ eitrinin sodium con- 
centrations of from 1:2,000,000 to 1:100 had no effect on the catalytic action of 
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platinum black (supernatant of 1 per cent suspension) for hydrogen peroxide. 
With collargol (0.1 per cent) and fuller’s earth (1 per cent), stronger solutions 
of citrinin sodium, that is, from 1 :100 to 1 :500, aided the liberation of O 2 , if 
anjdhing, Avhile dilute solutions, below 1:500, produced no effects. Thus, the 
results with these inorganic systems do not indicate that citrinin is an important 
poison for the catalytic action tested. Using the same systems. Cutting, Halpern, 
and Armstrong’^ found that penicillin in concentrations above 50 units per cubic 
centimeters always caused inhibition. This appeared to be due to impurities in 
penicillin, since the inhibition persisted after autoclaving. 

' PROTECTTVU: ACTION AG.AINST EXFERmENT.AL. STAPHYLOCOCCUS 

INFECTION 

Mice weigliing from 18 to 20 grams were infected Avith twice the lethal 
dose of Staph, aureus by intraperitoneal injection of 0.5 c.c. of 1:5 dilutions of 
twenty-four-hour-old broth cultures. Two groups of fifty each were infected 
in that way. One group, used as controls, was treated by injecting 0.5 c.c. saline 
solution hypodermically at five-hour interi'als day and night for three days from 
the beginning of infection. Another group was treated by the same procedure 
with 0.5 c.c. solution containing 0.5 mg. of citrinin sodium day and night for 
three days. All the animals died at about the same rate in both groups, leaving 
only two in each group on the third day. Thus, citrinin had no demonstrable 
protective effect in a fatal staphylococcic infection with high doses equal to 
about 25 mg. per Mlogram of body weight or about one-half the toxic dose.’^® 

Compared with penicillin, it seems obvious that citrinin is of no promise 
in systemic staphylococcic infection, but this might be different in local infec- 
tions, as in abscess and furunculosis, where high concentrations could be applied 
directly. 

SUMMARY .AND CONCLUSIONS 

1. Concentrations of citrinin sodium pi'oposed in sprays, lotions, and oint- 
ments for local applications to mucous membranes and the skin were not 
demonstrably irritating or injurious and the slight to moderate irritation was 
not objectionable, as indicated by tests in animals and human individuals. High 
concentrations caused definite protoplasmic irritation or injury, but this was 
temporary and readily reA’ersible. 

2. Systemic absorption of citrinin was questionable or practically negligible 
for possible systemic or antiseptic actions of the drug in animals reeemng high 
concentrations and doses by instillation into the nose or in the mouth. 

_3. Blood concentrations of from 1:4,000 to 1:32,000 (average, about 
1:15,000) citrinin were demonstrable after introduction of high doses of citrinin 
into the ligated esophagus and stomach and all portions of the intestine of rats 
and also after intramuscular injection. 

4 Generally, rapid intravenous injections of citrinin in doses of from 10 
to 100 mg per kilogram, caused immediate, although temporaiw, depressor ef- 
fects, winch increased with the dosage, due presumably partly to direct cardiac 
depression and partly to peripheral vasodilatation. The highest dases used 



78 


WEI-CHANG CHU 


could produce dangerous sustained depression. Slow intravenous injections 
of citrinin produced no sueh depression. A reversal of the depressor to pressor 
action occurred in atropinized animals, similar to that of acetylcholine, in con- 
firmation of others. Wliile these phenomena may be worthy of further in- 
vestigation, citrinin appears unpromising for intravenous use. 

5. The minimum (average) bacteriostatic concentrations of citrinin in 
broth were 1 :16,000 for Staph, aureus and 1 :40,000 for Str. liemdlytidus. The , 
antibacterial action was unaffected by htunan serum, increased by fresh human 
urine, and decreased by heated urine. Parameeia were killed by concentra- 
tions of 1 :2,000 and higher, but various inorganic catalysts were unaffected by 
concentrations of 1 :100 and lower. 

6. Experimental staphylococcic infection in mice was not prevented with 
high doses (one-half the toxic) intraperitoneally. While citrinin is not com- 
parable with penicillin in this systemic infection, this might be different in local 
infections where citrinin can be used in high concentrations. However, this re- 
mains to be determined. 

The author desires to express his thanks to Prof. P. J. Hnnzlik for his land guidance 
and helpful suggestions throughout the course of this investigation. 


KEPEKENCES 

1. Hetherington, A. 0., and Eaistrick, H.: Studies in the Biochemistry of Micro-organisms. 

Part XIV. On the Production and Chemical Constitution of a Ne^v Yellow Colour- 
ing Matter, Citrinin, Produced Prom Glucose by Penicillium Citrinum, Phil. Tr. 
Eoy. -Soc., London,_ B, 220: 269, 1931. 

2. Eaistrick, H., and Smith, G.; The Metabolic Products of Aspergillus terreus Thom, 

Biochem. J. 29: 606, 1935. 

3. Timonin, M. I., and Eouatt, J. W.: Production of Citrinin by Aspergillus sp. of the 

Candidus Group, Canad. J. Pub. Health 35: 80, 1944. 

4. Ewart, A. J.: The Presence of Citrinin in Crotolaria crispata — a Flowering Plant 

Growing in North Australia, Ann. Botany 47: 913, 1932. ^ 

5. Coyne, P. P., Eaistrick, H., and Eobinson, B.: Studies in the Biochemistry ^f Micro- 

organisms. Part XV. The Molecular Structure of Citrinin, Phil. Tr. Eoy. Soc., 
London, B, 220: 297, 1931. 

6. Timonin, M. I.: Personal communication, 

7. Oxford, A. E.: Antibacterial Substances Prom Moulds; the Bacteriostatic Powers of 

the Mould Products Citrinin and Penicillic Acid, Chom. & Ind. 61: 48, 1942. 

8. Timonin, M.- 1., and Eouatt, J. W.: Bacteriostatic Activity of Citrinin in Vitro, Canad. 

_J. Pub. Health 35: 396, 1944. 

9. Eobinson, H. J.: A Thesis submitted to the Graduate Faculty of Eutgers University, 

New Brunswick, N. J., May, 1943. 

10. Ambrose, A. M., and DeEds, P.: Acute and Subacute To.-dcity of Pure Citrinin, Proc. 

Soc. Exper. Biol. & Med. 69: 289, 1945. 

11. Wolohan, M. B., and Cutting, W. C.: Simple Technique for Estimation of Penicillin 

in Blood and Other Body Fluids, J. Lab. & Cmn. Med. 30: 161, 1945. 

12. Ambrose, A. M.: Personal communication. 

13. Santesson, C. G..- Ueber die Einwirkung von Giften auf einen enzymatischen Prozess. 

yn. Ueber metall Katalyse und Katalase-wirkung. Eine vergleichende Studie, 
Skand. Arch. f. Physiol. 42: 129, 1922. b c .. ub « 

14. Cutting, W. C., Halpern, E. M., and Armstrong, C. A.: Penicillin: Miscellaneous 

Pharmacological Eesults, Proc. Soc. Exper. Biol. & Med. 68: 183, 1945. 



EFFECT OF SYNTHETIC "^TAIiIIN K AND OP QUININE SULFATE 
ON THE PKOTHROMBIN LEVEL* 

Armakd J. Quick, Ph.D., M.D. 

Milwaukee, Wis. 

T he observation that the prothrombin level of the blood can be altered by- 
various drugs is of clinical importance; however, it requires not only further 
study and confirmation, but also careful evaluation. In this paper, results are 
reported on the effect of synthetic vitamin K compounds and of quinine sulfate 
on the prothrombin of the blood, since it has recently been reported that the 
former^ causes a hyperprothrombinemia while the latter® brings about a reduc- 
tion of the prothrombin concentration. 


THE INFLUENCE OP SYNTHETIC VITAMIN K ON PROTHEOMBIN 
CONCENTRATION 


The compounds studied were menadione (2-methyl-l,4-naphthoquinone), 
Synkayvitet (2-methyl-l,4-naphthohydroquinone-dipbosphorie acid ester tetra- 
sodium salt), and Hykinonei (2-methyl-l,4-naphthohydroqumone sodium bi- 
sulfite complex). These were tested on rabbits, dogs, and man. A relatively 
large single dose was ^ven and the prothrombin determined daily for several 
days. My quantitative method for the estimation of prothrombin® was employed. 

The results of giving large doses to rabbits and dogs are summariaed by 
selecting typical experiments, which are presented in Table I. It appears ob- 
vious that there is no clearly demonstrable increase in prothrombin following 
large single doses of compounds ha-ving high vitamin K activity. This is con- 
trary to the findings reported by Field and Link® and also by Shapiro and 
Richards,^ who noted a temporary decrease of the prothrombin time. Possible 
reasons for this difference -will be discussed later. 

A single dose of 40 mg. of hykinone given intravenously to a normal subject 
(27-year-old man; weight, 140 pounds) caused no alteration in the prothrombin 
level as seen by the results given in Table II. 

Vitamin K in Idiopathic Hypoprothromhinemia . — Two years ago I dis- 
covered a consistent hypoprothrombinemia in a healthy robust medical student 
(22 years of age; weight, 188 pounds) who at no time has had any abnormal 
bleeding. The prothrombin level has remained practically fixed during the 
period in which he has been studied, as shown by the record ^ven in Table HI. 
It wiU be noted that 40 mg. of hykinone given intravenously did not alter the 
prothrombin. 

hypoprothrombinemia in this subject appears definitely to be con- 
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Table I. Effect of Synthetic Vitamin K in Large Single Doses on the 

pROTUBOMBIN LEVEL ’ 


ANIMAT. 

WEIGHT 

(KG.) 

PROTHROMBIN TIME IN 
SECONDS 

DILUTION OF PLASMiA. 
UNDILUTED 1:5* 1 :20t 

REMARKS 

Rabbit 1 

2.5 

6 

10 

19 

Control 

2 

2.5 

() 

10 

19 

120 mg. sjmhajTitc orally 

3 

2.0 

0 

11 

19 

50 mg. hykinono intravc- 






nously 

4 

3.0 

6 

10 

22 

150 mg. menadione orally 

Dog 1 

6.5 

6 

10 

20 

50 mg. hykinono intravc- 






nously 

O 

8.0 

6 

11 

21 

Control 




After 





twenty-four hour.s 


Rabbit 1 


6 

12 

19% 


2 


6 

111/, 

19 


3 


6 

10 

17 


4 


6 

lOVi 

19 


Dog 1 


6 

11% 

21 


o 


6 

11 

19% 





After 





forty 

-eight hours 


Rabbit 1 


61/, 

11% 

18% 


2 


6Vj 

11 

18% 


3 


61/, 

0% 

17 


4 


6 

10 

17% 


Dog 1 


0 

10 

oo 

' 

2 


' 0 

11% 

20 



•Dihitocl With pliysloloffic saline solution. 

tDilutecl witli luiman plasma treated witli aluminum hydroxide which removes pro- 
thrombin (actually component B^). 


Table H 




PLASMA 

UNDILUTED 

PLASMA 
DILUTED 1:5 

Prothrombin time before liykinone (sec.) 


-12 

27 

Prothrombin time twenty-four hours after 
mg. hykinone* (sec.) 

40 

12% 

29 

Prothrombin time forty-eight hours after 
mg. liykinone* (sec.) 

40 

12% 

27 

Prothrombin time seventy-two hours after 
mg. liykinone* (sec.) 

40 

12% 

28 

'Intravenously. 





Table III 


PLASMA 


PROTHROMBIN TIME IN SECONDS 
PLASMA 


DATE 

UNDILUTED 

DILUTED 1 

May 6, 1943 

15% 

19 V, 

May 11, 1943 

15% 

21 ■ 

May 13, 1943 

15V- 

20 

June 1, 1943 

16 ■ 


Aug. 24, 1943 

15% 


Nov. 19, 1943 

15 

19 

Mar. 29, 1944 

15% 

20 

June 7, 1944 

18 


Aug. 11, 1944 

17 


Dec. 15, 1944 

15V, 

20 

July 24, 1945 

16 

19V, 

July 25, 1945 

16 

20V> 

July 26, 1945 

16 

20 


Gave blood for transfusion seventeen lioui 
earlier 

Gave blood for transfusion May 13 and 3 
40 mg. liykinone intravenously 
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Table R' 



AGE 

(YK.) 

DATE or STUDY 

PROTHROMBIX 

plasma 

UNDILUTED 

time in secoxds 

PLASMA 
DILUTED 1:2 

Father 

49 

April 19, 1945 

12 

15 

Mother 

50 

Bee. 15, 1945 

16 

22 

Sister 

16 

Bee. 15, 3945 

16 

22 



June 25, 1945 

17* 

24 

Brother F 

21 

Mav 28, 1943 

12 

15 

Brother J 

19 

April 4, 3944 

12 

15 



May 17, 1945 

12 

" 15 


•First day of menstruation. 


genital, since it is present in other members of the.famil}’-, as shoTrVn by the 
findings given in Table- IV. From these results it can he concluded that the 
defect, or anomaly, is on the maternal side of the family and inherited both by 
the male and female. Data are lacking to show ivhether the male can transmit 
this characteristic fixation of the prothrombin level. Interestingly, the sister has 
had sevei'al episodes of severe uterine bleeding which apparently responded to 
vitamin K and small doses of snake venom. I did not have an opportunity to 
study the patient during the hemorrhagic attacks, since her home is on the other 
side of the state. Although she is taking vitamin K daily, the prothrombin has 
not been elevated to the nonnal level. It appears that the prothrombin con- 
centration in three members of the family is fixed at a level a little lower than 
50 per cent. A loss of blood seems to lower the prothrombin more easily than 
would occur in a subject ndth a nonnal prothrombin. Thus, giving two trans- 
fusions nithin eight days increased the student’s prothrombin time to eighteen 
seconds which is equivalent to a prothrombin concentration of 35 per cent of 
normal. Likewise it appears that excessive menstruation caused the prothrombin 
to drop in the sister’s blood and thus initiated a ricions circle. Vitamin K pre- 
sumably can readily restore the prothrombin to the characteristic concentration 
but cannot elevate it beyond this fixed level.® It appears logical to designate 
this condition as congenital hj-poprothromhinemia rather than idiopathic. 


Table V. The Effect of Quixixe Sexpate (0.33 Git. D.uly) ox Pkotheombix Tiiie 


PAYS 


PROTHROMBIX 

flilE IX SECOXDS 


SUBJECT 1 
(AGE, 22 YE-ARS; 
WEIGHT, 

IGO POUXDS) 

SUBJECT 2 
(AGE, 21 YEARS 
WEIGHT, 

155 POUXDS) 

SUBJECT 3 

,' (age, 21 YEARS; 

TTEICHT, 

150 POUXDS) 

SUBJECT 4 
(AGE, 22 TEARS; 
WEIGHT, 

140 POUNDS) 

0 

12* 

12% 

11-% 

12 

1 

11% 

12% 

11% 

11% 

2 

liv. 

12 

11% 

12 

3 

11 

12% 

12 

12 

5{ 

lllf. 

12% 

12 

12 

6 

11% 

12% 

12 

12 

t 

12 

12% 

12 

12 

S 

12% 

12% 

11% 

12 


ueierminea on plasma dllutea with 4 volumes of saline 
.'olutton. The rcsulm were entirely consistent with those of undiluted plasrna. saunc 

was determinations of prothrombin were made on the fourth day but quinine sulfate 
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THE ACTION OP QUININE SULFATE ON PROTHROMBIN 

The recent report of Pirk and Engelberg® that quinine in relatively small 
doses caused an increase in the prothrombin time seemed rather surprising, since 
hemorrhage is not a common complication even when this drug is given in large 
doses over long periods of time. A repetition of their experiments failed to show- 
. any reduction of prothrombin, as shown in Table V. The only difference in 
procedure was that Pirk and Bngelberg employed Russell viper venom as the 
thromboplastin for the test. 'Whether this accounts for their findings is difficult 
to say, but it seems that it would have been judicious had they checked their 
results with my unmodified method for determining prothrombin since the latter 
procedure has been successfully used in all the Imown types of hypoprothrom- 
binemia. 

COMMENT 

The terms hyperprothi’ombinemia and hypoprothrombinemia which are 
appearing with increased frequency in the medical literature require careful 
evaluation. Thus far hyperprothrombinemia has not been convincingly demon- 
strated either in man or in experimental animal. The results which have been 
interpreted as hyperprothrombinemia are based on the prothrombin time of 
highly diluted plasma. In such experiments, the disturbance of the physico- 
chemical equilibrium of the plasma by high dilution is not fully considered, and 
no attention is paid to the finding that prothrombin is not a single substance 
but a complex of two components and calcium as observed by me® in 1943 and' 
independently confirmed in part by Nolf® in 1945. 

The statement of Richards and Shapiro,^ “that only by the use of diluted 
plasma is it possible to detect the hyperprothrombinemia,” cannot be accepted. 
I have demonstrated that the human being has only 20 per cent as much pro- 
thrombin as the dog and rabbit and therefore any significant increase of pro- 
thrombin in the human being could readil 3 ’’ be detected by the prothrombin time 
of undiluted plasma. Actually it appears that the noi-mal level is fixed and is 
not affected by even large doses of synthetic vitamin K. 

Even if the prothrombin were increased above noinial, it w'ould not neces- 
sarily affect the coagulation time. Although the cow contains only 16 per cent 
as much prothrombin as the dog or rabbit, there is nothing to suggest that the 
cow is more subject to hemorrhage or that intravascular clotting is more prone to 
occur in dogs and rabbits. Both prothrombin and fibrinogen are normally pres- 
ent even in bovine blood in amounts far in excess of the requirement needed for 
normal coagulation; consequentlj"- further increases or decreases over a fairly 
wide range are not apt to affect coagulation or hemostasis significantly. The 
trigger substance in the clotting mechanism is thromboplastin. 

Hypoprothrombinemia is clinically more significant, for if the prothrombin 
falls below 20 per cent, a patient is in danger of hemorrhage ; however, as long 
as the vascular response remains normal and no trauma is sustained, abnormal 
bleeding is not likely to occur. I have seen a patient who, folloiving a course of 
dicumarol therapy, had a prothrombin less than 10 per cent (from thirty-eight to 
forty-four seconds) for nearly two weeks without any evidence of bleeding. In 
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nnimsls the prothrombin can be even more drasticaUy reduced ■without actually 
causing hemorrhage, but such animals ■edll bleed profusely ■when injured. 

"With the introduction of dicumarol into* therapy and ■with the finding that 
other drugs can cause a decrease of the prothrombin of the blood, the necessity of 
a standardized test for determining prothrombin ■with the results expressed as per 
cent of normal has become urgent. The only test which has met these require- 
ments is the one-stage method I have developed. In support of this is the recent 
paper of Hum, Barker, and hlagath.® 

From the results obtained in this study, it appears unlikely that quinine 
in small doses given to normal indi^viduals causes any demonstrable changes in 
the prothrombin of the blood. Whether the drug given in large amounts to 
patients ■wdth malaria ■will affect the prothrombin has not been determined. The 
suggestion of -Pirk and Engelberg, that ■vitamin K be administered ■with quinine, 
had therefore better await more concrete evidence that such a practice is neces- 
sary. 

While no specific studies on salicylates are reported in this paper, a com- 
ment on the hypoprothrombinemia due to this drug should be made. Sodium 
salicylate even when given at the level of 10 Gm. a day does not reduce the pro- 
thrombin to the hemorrhagic level in uncomplicated cases as Bntt and associ- 
ates® have sho^wn in a study of fifty-one eases. Some indi^viduals nevertheless 
even on smaller doses of salicylates suffer a marked depletion of prothrombin. 
I have recently seen a child ■with a prothrombin time of forty-two seconds equi^va- 
lent to a concentration of 8 per cent of normal foUo^wing moderate therapeutic 
doses of sodium salicylate. The response to vitamin K intravenously (30 mg. 
hykinone) was rather slow. It seems fairly certain that in such patients some 
other dysfunction occurs whether it be of the kidney, liver, or some other organ. 

The question naturally arises whether vitamin K should supplement the 
administration of salicylates. In the normal patient, -vitamin K -will restore and 
maintain the normal prothrombin level, but in these patients the level -without 
vitamin K is not low enough to put them in jeopardy of hemorrhage. Whether 
small doses of menadione or its derivative -will protect the small percentage of 
individuals who are supersensitive to salicylates has not been determined, but 
Richards and Shapiro’ have recently reported that in two patients of a series of 
twelve, synthetic -vitamin K did not bring the prothrombin completely to normal. 
It seems, therefore, that probably the -wiser course is not to depend on vitamin 
K, but rather to determine the prothrombin at frequent intervals on all patients 
receiving large doses of salicylates. K the prothrombin fnfig to a dangerous 
level, treatment with a water-soluble menadione derivative intravenously should 
be given immediately. 

SUMMABT 


_ 1. Synthetic vitamin K compounds (menadione, synkayvite, and hykinone) 
given m relatively large single doses caused no demonstrable hyperprothrombin- 
emia m rabbits, dogs, or man. 

2 Vitamin K did not elevate the prothrombin of one individual who has a 
consistent level of approximately 45 per cent. Since the patient's mother and 
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sister likewise have the same concentration of prothrombin, it can be concluded 
that this trait is congenital and hereditary. The condition should therefore be 
called congenital hypoprothrombinemia. 

3. Quinine sulfate in daily doses of 0.33 Gm. caused no decrease in the pro- 
thrombin of the blood. 

4. The significance of hj-per- and h 5 'poprothrombinemia is diseu-ssed. 
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DEPRESSION OP GAIiBIA GLOBULIN IN HYPOPROTEINEiVlIA DUE 

TO JL4LNUTRITI0N 

Ed\vix G. Kbebs, A.B., jM.D. 

St. Louis, ilo. 

I N SEVERE hj-poproteinemia due to uncomplicated malnutrition in man, the 
globulin fraction of the total plasma protein, as well as the albumin, may be 
depressed.'- = Although AYeech and co-worhers^ found normal plasma globulin 
levels in experimentally produced hj'poproteinemia in animals, Gladden and 
■Whipple^ have emphasized that diet regulates production of both globulin and - 
albumin. In the patient nith' nutritional edema described in this study there 
was a low plasma globulin which rose to normal as the hypoproteinemia was 
corrected by diet. The most strildng changes were in the gamma fraction of 
the globulin. Since Cannon and co-workers®- ® have recently demonstrated that 
antibody response in rabbits may be influenced by experimentally produced 
hypoproteinemia, the immunologic implications of the present observations in a 
human patient are brieflj* discussed. 

C.^SE KEPOBT 

B. H. (History No. 119G84), a lo-year-old white girl, was first examined on Nov. 11, 
1944, and was carefully followed from April 1, to June 11, 1945. 

Sisiory . — ^For one year before entering the hospital, the patient had noticed that she 
tired easily and that her ankles and legs were swollen at the end of the day. She came 
from a rural commuiuty aud was . a stepchild in a poverty-stricken family. Her diet had 
been markedly deficient, especially in proteins ; beans and bacon constituted the only source 
of protein except for an occasional glass of milk which she received when she was able 
to attend school. She had had measles, mumps, chicken pox, and whooping cough. There 
was no history of nephritis. She had had no previons immnnizations. 

Physical Einininalioii. — The patient was a thin white girl who did not appear acutely 
ill. There were no skin lesions or other obvious signs of vitamin deficiency. Slight tender- 
ness could be elicited over the maxillary sinuses and a moderate amount of postnasal drip 
was seen on the back of the phaiynx. There wa.s slight pitting edema of both legs. The 
piiysical examination was otherwise normal. 

Laboratory FUuIings . — Blood counts, repeated urinalyses, and stool examinations were 
normal. The plasma proteins were 3.1 Gm. per cent. Fractionation of the plasma showed 
2.0 Gm. per cent albumin and 1.1 Gm. per cent globulin. Later protein studies indnding 
electrophoretic analyses are sliown in Fig. 1, A .and B. The blood N.PJv'. ranged from 14 to 
19 mg. per cent. The cephiilin-cholestcrol flocculation test was negative. A bromsulfalein test 
showed no dye retention after thirty minnfes. Agglutination reactions with the typhoid-H 
antigen were negative in all dilutions. 

C/i'nicoi Course.— When the diagnosis of hj-poprotcinemia was first made in November, 
1944,' tlie patient was placed on a high protein diet. Her home situation did not permit 
the carrj-ing out of tliis regimen and she was brouglit back to the hospital in March, 1945, 
still edematous witli pl.asmn proteins of only 3.3 Gm. per cent. During the remainder of the 
-tudy, .slie was on a high protein diet and the edema disappeared within a few weeks. Bv 
•lunc 1, 1945, she had gained eight pounds .and continued to improve. 

, Hnmcf -Medicine. Washington University School of Medicine, and the 

Hocelvcd for publication. OcL H, 1945. 
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n. 

J''iS 1 — Klcctiophoietic pattein- ot the plasma of patient R. H. A, April 4, 1945, before high 
protein diet. B, June 11, 1945, after high protein diet. 

JIETHOIW 

, Dietary liegimciu — After preliminary investigation, the patient was placed 
. on a diet furnishing approximately 100 Gm. protein, 125 Gm. fat, and 300 Gm. 
'carbohydrate, providing appro.ximalely 2,700 calories. A typical day’s menu 
of the recommended diet it as as follows: 

SreaKfasi 

y grapefruit ‘ Cream 

1 serving Pettijolins Sugar 

2 eggs, scrambletl Jelly 

2 slices -whole wheat toast 1 glass milk 

1 pat butter 



DEPRESSION OF GAMMA GEOBULIN IN IIYPOPROTEINEMIA 


&T 


1 serving cream of pea soup 
i soda crackers 
1 pat butter 

1 peanut butter and jelly sandmch 


lAtnch 

1 serving iValdorf salad 

2 sugar cooMes 
1 glass milk 


1 serving baked custard 


Mid-Aftemoon 


Dinner 


1 large serving rpaat veal 
1 serving masked jwtatoes, gravy 
1 serving Harvard beets 
1 serving head lettuce salad, 
salad dressing 


1 slice whole wheat bread 

1 pat butter 

Jelly. 

1 serving vanilla ice cream 
1 glass milk 


This high protein, high caloric diet was maintained from April 4. 1945, 
through the entire period of obseiwation. Exact calculations of the diet were 
not kept, because during most of this time the patient was not in the hospital ; 
however, during the periods that she was at home, careful social service .follow- 
ups insured the continuation of a high protein intake. 

Immunizations . — ^Between April 21, 1945, and ilay 7. 1945, the patient 
was vaccinated against typhoid fever using 0.5 c.c. and two subsequent 1.0 c.c. 
injections of vaccine at weeklj* intervals. Bacterial vaccine® made from 1,000 
million killed typhoid bacilli per cubic centimeter (Bio. 429 076384-A) was 
used. Agglutination reactions of the patient s serum with the typhoid-H anti- 
gen were carried out five weeks after the last injection. 

Chemical Studies . — ^The total plasma proteins were determined by the 
Kjeldahl method. The fractional proteins were deteimined by the method of 
Campbell and Hanna,® using sodium ’sulfite as the globulin precipitant. The 
electrophoretic measurements were made using a modification of the Tiselius 
apparatus described by Longsworth.® The cell with tlie taU center section was 
used and photographs were taken with the Philpot lens in the optical system. 
Oxalated plasma diluted vvith one part of buffer was dialyzed against 0.1 M 
lithium veronal buffer at pH 8.6. The measurements recorded in Table I were 


Table I. Chemicjvl and Electrophoretic AlEAsinwiiEXTs of Plasm v PRcrraxs 


BATE 


CHESnC.AL ANALYSES 
(GAI. TTR CENT) 


TOT.AL 

PP.OTErN 


ALBU- 

inN 


GLOB- 

LIN 


cr, GLOB- 
ULIN 

J- 

.ALBUJIIN 


ELECTROPHORETIC ANALYSES 
.(grams fee CENT*) 


a. GLOB- 
ULIN 


P GLOB- 
ULIN 


FIBRINO- 

GEN 


7 GLOB- 
ULIN 


11/18/44 

3.1 

2.0 

1.1 

12/ 1/44 

3.9 

2.5 

1.4 

3/23/45 

3.8 

1.8 

2.0 

4/ 4/45 

3.5 

2.3 

1.2 

4/12/45 

3.9 

2.7 

1.2 

5/ 7/43 

5.5 

3.4 

2.1 

om/45 

5.1 

- 



1.81 (51.8) .49 (ISJI) .4 (i (1.3.1) 
2.02(51.9) .59 (15.1) .ro (]f,.o) 


.55 (16.4) 
.52 (13.2) 


.16 

.1.5 


(4.7) 

(3.S) 


•The relative percenlases arc In pamnthescs 


2.04(49.9) .62 (12.1) .66 (i:'..0> .59 (11.7) .65 (13.4) 


Parke. Davis & Co.. Dcirolt, Mleh. 
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made from enlarged projections of tlie ascending limb Avith perpendicular lines 
maridng off the separate fractions. Areas were measured with a planimeter. 

RESULTS 

A very low level of plasma gamma globulin was found before the pa- 
tient’s hj^joprotcinemia Avas corrected. FolloAA'ing a liigh protein intake, the 
gamma globulin increased from 0.15 Gm. per cent to 0.68 Gm. per cent (or 
almost the normal level). The changes in the albumin and all of the globulin 
fractions are shoAvn in Table T. The changes in the electrophoretic patterns 
of the plasma are illustrated in Fig. 1, A and B. 

The agglutination reaction of the patient’s scrum Avith the Iji^hoid-H anti- 
gen Avas negative in all dilutions fiA'c Aveelcs after the completion of the immuniza- 
tion. 

DISCUSSION 

This is the first reported case of uncomplicated nutritional h3’’poproteinemia 
Avith electrophoretic studies of the plasma proteins shoAving a diminished gamma 
globulin fraction AA'hich increased Aiith a high protein intake. The author has 
studied one other patient Ai'ith scA'ere h.Apoproteinemia from chronic ulceratii'e 
colitis, and in this patient a relatively high gamma globulin AA-as found Avhich 
could probably be accounted for by the long-standing infection. LongSAA'orth 
and Maclnnes'^ found very low gamma globulin concentrations in sera of pa- 
tients Avith lipoid nephrosis Avhere the diminution is probablj* accounted for, in 
part at least, by loss of protein in the urine. 

The gamma fraction of the plasma globulin has been shown to contain- 
many of the knoAvn antibodies; Rabat' has rcvicAved the immunologic significance 
of this fraction of the plasma proteins. If the synthesis of gamma globulin is 
dependent on adequate protein intake, as this study suggests, antibody produc- 
tion may also be affected by diet. Cannon and associates*'^” have studied anti- 
body production in rabbits made hj^poproteinemic b.v a Ioav protein diet and 
concludes that there is a lessened capacitj- of these animals to produce agglu- 
tinins as compared to rabbits on a Avell-balanccd diet. Tliey suggest that there 
may be a deficiency in the antibody containing fraction of the plasma globulin. 
In this connection it is of interest that a full course of immunization Avith 
typhoid antigen failed to cause an antibody response in the present patient. 

, SUMMARY 

A case of hypoproteinemia due to malnutrition has been studied with elec- 
trophoretic determinations of the plasma proteins made both before and after 
a period of high protein intake. The plasma globulin as well as the albumin 
showed changes foIIoAving dietotherapy, the most striking change being an ab- 
solute and relative increase in the gamma globulin fraction. The possible sig- 
nificance of this observation regarding antibody production and resistance to 
infection in malnutrition has been pointed out. 

The author ^yiBhes to thank Dr. Arda A. Green, for )ier assistance and advice in the 
electrophoretic determinations, and Dr, Carl F. Cori, of the Department of Pharmacology, 
for making arailahle the Tiselius apparatus. 
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THE INABHjITY OP CYSTEINE TO INACTIVATE PENICILLIN IN 
THE PRESENCE OP BROTH AND BLOOD 


H^vrold L. Hirsh, M.D„ and C. Barbara O’Neil, A.B. 
Washington, D. C. 

T he recent reports of Cavallito and Bailey* and Chow and ]\IcKee° on the 
inactivation of the antibiotic action of penicillin by cysteine aroused our 
interest in the possibility of incorporating cysteine in culture media for the in- 
hibition of any penicillin present in body Iluids to be cultured. It has been 
sho'wn that penicillin in a body fluid will inhibit or prevent the gro'wth of any 
penicillin-sensitive bacteria present in the specimen. Prompt inhibition of this 
bacteriostatic effect of penicillin in culture media is necessarj' to assure the 
groivth of any penicillin-sensitive bacteria pre.sent. 

Many investigators”'” have shown that the addition of a sufficient amount 
of penicillinase prevents this action of penicillin immediately, thus allowing for 
unimpeded growth of any bacteria present. However, penicillinase is a bac- 
terial product and has some disadvantages in its production, standardization, 
and sterilization. Cysteine hydrochloride is a chemical easllj' sjmthesized, 
weighed, and sterilized. This studj’’ is an attemjit to evaluate tiie use of cysteine 
as an inactivator of penicillin in culturing body fluids. 

On the basis of the work of Chow and McKee,” it was estimated that about 
36 mg. of cysteine hydrochloride would inhibit tlie action of 30 units of penicillin 
in fifteen minutes. It was decided to use both penicillin X® and G to determine 
whether there was any difference in the action of cysteine on these drugs. Ac- 
cordingly, a sei’ies of six flasks was prepared. To each was added 5 c.c. of horse 
blood and 2.5 c.c. of penicillin solution containing 20 units per cubic centimeter. 
Three of the flasks contained penicillin X and the other three penicillin G. To 
one of each of the three flasks containing penicillin X and G was added 1 c.c. ot 
a 6 per cent cysteine hydrocliloride solution. One cubic centimeter of penicillin- 
aset containing 10 units of penicillinase per cubic centimeter was added to two 
of the other flasks, one containing penicillin X and the other penicillin G. To 
all the flaslm was added sufficient tiyptose phosphate broth to make a total 
volume of 40 c.c. The final dilution of penicillin was 1.25 units per cubic 
centimeter in all flasks. Flasks 2 and 5 contained in addition 0.25 unit of 
peneillinase, and Flasks 3 and 6 contained 1.5 mg. of cysteine hydrochloride per 
cubic centimeter. Flask 1 udth penicillin G and flask 4 with penicillin X served 
as controls. Samples of 0.4 c.c. were removed from each flask immediately on 
completion of the mixture for a control determination of the penicillin content.^ 


From the George AVashington Medical Division, Gallmger Municipal Hospital, and the 
Department of Medicine, George Washington Univer.sity. 

Kecelved for publication. Oct. 29. 1945. 

•The penicillin X was supplied by Lcderle Laboratories, Inc., Pearl River N. Y., as the 
calcium salt in ampules of 100.000 units containing about 75 per cent penicillin X. 

ville supplied through Uie courtesy of Schenley Laboratories,’ Inc.. Louis-' 

Randa'M“^a"n'^‘u^^^^^^^^^^ ” modifleation of the method of 


90 













92 


iiiKsn ANn o'xeiij 


The flasks Avere llien placed in an incubator at 37° C. for a total of tAvcnty-four 
hours. At intei-vals of fifteen minutes, one-half, one, tAVO, three, four, five, 
tAventj^-tAvo and one-half, and lAventy-foiir hours, 0.4 c.c. Avas AvithdraAvn from 
each flask to ascertain the amount of penicillin present. 

The results of this study are shoAA-n in Table I. It is appai’ent tliat the 
heat of the incubator destroyed some' of the penicillin in the control flasks. 
Penicillinase produced prompt and complete inactreation of penicillin. On the 
other hand, cysteine inactivated only slightly more penicillin than AA’as destroyed 
in the control flasks. Moreover, its action Avas delayed and incomplete Avhen com- 
pared AAuth that of penicillinase. There Avas no difference in the effect of cy.steine 
on penicillin X or G. 

OaA'allito and Bailey' and CIioav and,j\IcKce' have shoAA'n that certain amino 
acids antagonize the penicillin-inhibiting action of cysteine. The next problem 
urns to determine Avhethcr the blood or broth, or both, used in our preAu'ous stud- 
ies had any antagonizing effect on this action of cysteine. 

To a group of four fia.sks Avas added 1 c.c. of 6 per cent cysteine hydro- 
cliloride solution. To Fla.sks 1 and 2 AA'erc added 2.5 c.c. of penicillin G con- 
taining 20 units per cubic centimeter. Flask 1 A\'as made up to 40 c.c. AA'itli 
tcjiAtose phosphate broth and Flask 2 Avith tryptose phosphate blood broth to 
the same volume. Fifty units of penicillin X plus 36.5 c.c. of physiologic salt 
solution Avere added to Flask 8. Fla.sk 4 AA-as similarly prepared Avith plij^siologic 
salt solution and blood. 

From each flask 0.4 c.c. Avas AA’ithdraAvn immediately for control determina- 
tions of the penicillin content of the flasks. The flasks Averc then incubated at 
37° 0. for a period of tA\’o hours and samples for penicillin assay AA-erc taken at 
fifteen and thirty miniites and at one and tAvo liours. 

The results are demonstrated in Table II. In the individual flasks contain- 
ing blood and broth or physiologic salt solution and blood inactivation of peni- 
cillin Avas delayed and incomplete. In the flasks containing phjmiologic salt 
solution alone as a diluent, cysteine completely inhibited the action of penicillin 
after thirty minutes. 

This study indicates that sufficient cysteine Jiad been added to inactivate 
the quantity of penicillin employed in our Avork. The failure of cysteine to in- 


Table II. Eesui.ts op Addition op Ctsteine to Penicidlin in Teyptose Piiospuate Broth 
AND IN PlIY.SIOI.OGIO SALT SOLUTION AVlTII AND WITHOUT BI.OOD 



CONTENTS OP PLASKS | 



! 

1 CONCENTRATIONS OP PENICILLI.V 


VOLUME OF 
TRYFTOSE 

VOLUME OF 
PHYSIOLOGIC 




(UNITS/C.C.) APTER INCU- 
1 RATION AT 37° C. rOR 

FLASK 

PHOSPHATE 

broth j 
(C.C.) 

SALT 

SOLUTION 

(C.C.) 

PENI- 

CILLIN 

(units) 

CYSTEINE 1 
(MO.) j 

CON- 

TROL 

15 

MIN. 

% hr. 

1 HR. 

m 

1 

36.5 


50 (G) 

00 

0.G25 

0.625 


0.625 


2 

31.5 
^ 5 C.C. 
blood* 


50 fG) 

00 

0.625 

0.625 

0.625 



3 



50 (X) 


0.625 


0 



4 


31.5 
+ 5 c.c. 
blood* 

.50 (X) 

eo 

1.25 

1.25 

1.25 

0,625 

0.025 


•Horse blood. 






' 

— 

— — 












INABILITY OF CYSTEIXK TO INACTIVATE PENICILLIN • 

activate the penieillin in certain flasks iii both esperiments was apparently due 
to the antagonistic action of the broth and blood present. These fluids contain 
proteins and amino acid and their inhibiting action on cysteine in these studies 
substantiates the results of other investigators.’’ ' 

Since cysteine did inactivate penicillin in physiologic salt solution, we were 
interested in determining whether the cysteine would have the same effect on 
penicillin in a s\nithetic medium* containing no proteins or amino acids. Co- 
incidentalh', we attempted to detenniuc the effectiveness of smaller quantities of 
cysteine since liluir and YaUey” and Hickey’" have shown that 1 mg. of cysteine 
bydrochloride would inactivate about 400 units of penicillin in from thirty to 
sixty minutes using thioglycollate medium as a diluent. Chow and McKee* 
were able to inactivate 550 units of penicillin with 10 mg. of cysteine. 

A series of nine flasks was prepared containing 2.5 e.c. of penicillin solution 
(20 units per cubic centimeter) . To three flasks were added 0.12 mg. of cysteine 
hydrochloride dissolved in 1 c.c. of physiologic salt solution. Ten milligrams of 
cysteine hj'drochloride were added to three flasks, and three flasks sensed as con- 
trols. Either tryptose phosphate broth or physiologic salt solution or sjTithetic 
broth was added to one flask of each of the groups. The total volume was 40 
c.c. After removal of a sample for a control penicillin determination, the flasks 
were incubated at 37° C. for twenty-four hours. Samples for penicillin assay 
were withdrawn at fifteen minutes, one-half. one. two, and twenty-four hours. . 

The results are shown in Table III. We found that 0.12 mg. of cysteine 
did not inactivate 50 units of penicillin to any greater extent than did the heat 
of the' incubator. Ten milligi’ams of cysteine did inactivate 50 units of penieillin 
in the phj’Siologic salt solution within fifteen minutes. Compared to the con- 
trols, there was no gi’eater inactivation of penicillin by cysteine, regardless of 
the quantity of cysteine, when the diluents ivere tiy-pto.se phosphate or synthetic 
nitrate broth. 


Tabu: HI. Besults or Adwtio.n' of Cysteine to Penicillin in Tit'iTxosE Phosphate Beots in 
Physiologic S.\lt Solution, and in Synthetic Nitf-we Broth ’ 



CONTENTS OF FIASKS 


CONCENTRATIONS OP PENICILLIN 


VOLUME 

VOLUME or 

VOLUME 




(UNITS/C.C.) 

ArTEP. INCUBATION 


OF 

PHYSIO- 

or 





AT 37” C. 

FOP. 



TRYPTOSE 

LOGIC 

SYNTHETIC 

PEXJ- 









phosphate 

SALT 

NITRATE 

CILLIN 

CYS- 








broth 

SOLUTION 

BROTH 

X 

TEINE 

CON- 

15 


1 

2 

24 

riiASK 

(c.c.) 

(c.c.) 

(c.c.) 

(UNITS) 

(MO.) 

TP.OL 

MIN. 

’.(• HR- 

HPv. 

HR- 

HP- 

I 

37.5 



50 

0 

1.25 

1.25 

1.25 

0.625 

0.625 

0.156 



37.5 


.50 

0 

1.2.5 

1.2.5 

1.25 

0.625 

0.625 

0.156 




37.5 

50 

0 

1.25 

1.25 

1.25 

0.625 

0.625 

0.156 





50 

0.12 

1.2.5 

1.25 

1.25 

1.25 

0.625 

0.J56 





50 

0.12 

1.2.5 

1.25 

0.625 

0.P2.5 

0.312 

0.156 




.36.5 

.50 

0.12 

1.25 

1.25 

0.625 

0.625 

0.312 

0.156 

§ 




50 

10 

1.25 

1.25 

0.625 

0.625 

0.312 

0.156 



36.5 


50 

10 

1.25 

0 

0 

0 

0 

0 




36.3 

50 

10 

1.25 

0.625 

0.312 

0..3I2 

0.312 

0.156 

•Synthetic nitmto broth: " " '■ 




K;HPO. 0.5 Gin. 

CnCh (nnliydrou.s) 0..5 Gm 

MkSOi. THjO 0.2 Gm. 

nil"'"' 10 Gm. 

*^01 I 

iirvtor to 1 1 U<t 
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The failure of cj’steine to iiiaclivatc jicuicilliii iu tlie tryptose phosphate 
broth corroborates our previous results. It has been shown that the action 
of cysteine is dependent on tlie hydrogen-ion concentration, with best results 
iu pll 7 to 8. The failure of ej'steinc to inactivate penicillin in the synthetic 
medium was uudoubtedlj' due to tlie fact that the mixture had a pH of 4. Bac- 
terial growth was not sustained in synthetic nitrate iiroth when sodium bi- 
carbonate was added to raise the pH. The pH of the physiologic salt solution 
was 6. This may be one of the reasons we were unaidc to corroborate the restilts 
of Muir and Valley” and Hickey’" using comparable amounts of cysteine and 
penicillin. These investigators”’ ’* were also able to inactivate penicillin with 
cysteine in thioglycollate broth. However, they allowed their cysteine-penicillin 
mixtures to stand for from thirty to sixty minutes before adding the mixture to 
the broth. In clinical work, this would not be possible. 

Other investigators^ have demonstrated that cysteine hydrochloride solu- 
tions arc unstable at room toinpcratiires, being oxidized to cystine. It has also 
been shown” that difl'ei'cnt samples of one brand as well as different brands of 
cysteine hydrochloride vary in their ability to inactivate penicillin. 

SUJIM.\BY .\NU COXCI.USIOXS 

Ten milligrams of cysteine hydrochloride will inactivate 50 units of peni- 
cillin in idiysiologic salt solution. This inactivation is not obseiwcd in the pres- 
ence of broth or blood or when the reaction of the medium is in the range of 
pH 4. Cysteine is not effective for the purpose of inactivating penicillin when 
it is used in culture media to which body fluids are added. 
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LABORATORY METHODS 

A PHOTOELBCTEIG JIETHOD FOR THE DETERIillNATION OF 
CHOLESTEROL IN URINE 

Rudolph Neustadt, L. Gladys Honvard, and Abraham jRyersox, AI-D, 

Boston, AIass. 

T he excretion of cholesterol in the urine has been studied in recent j-ears 
by only a few investigators.'-® In our search for a suitable clinical method, 
preliminary studies showed that it is not possible to extract cholesterol directly 
from the urine. However, a complete hydrolysis is neeessarj" in order to split 
the conjugations in which form at least part of the cholesterol is excreted in the- 
urine. Further, in order to obtain correct colorimetric determinations, it is 
necessary to remove aU foreign chromogens from the chloroform extracts. After 
these preliminary steps, the colorimetric determination of cholesterol in the urine 
follows the Law of Lambert and Beer and has great accuracy.* 


METHOD 


A complete twenty-four-hour* urine specimen is collected and measui’ed 
and its pH detemined. An aliquot of 500 c.e.'is used for one determination and 
is prepared in an extraction flask as follows: 

1. Add from 60 to 65 e.e. concentrated HCl and mix. 

2. Add 200 c.c. CHCI3 (C,P.). 

Coimect the flask with the reflux condenser and bring the chloroform to a 
gentle boil for thirty- minutes, thus carrying on hydrolysis and extraction 
at the same time. A continuous stream of small bubbles of chloroform should 
be in motion tlirough the urine, but hard boiling of the chloroform must be 
avoided. The process needs constant watching and should be carried out at a 
temperature as close as possible to the boiling point of chloroform. TJsuaUy after 
twenty-five minutes of ' extraction, the completion of the hydrolysis is indicated 
by a marked change in color. 

3. Cool to room temperature and transfer the contents of the extraction 
flask to a large separatory funnel: Rinse the extraction flask with a few cubic 
centimeters of CHCl- and add the washing to the separatory funnel. 

4. Transfer CHClj to a smaller separatorj- funnel. 

5. "Wash with three portions of 10 c.c. each of 10 per cent NaOH. If the 
last alkali washing is not practically colorless, continue up to six 'washings. 

6. Wash three times with 10 c.c. portions each of distilled water. The alter- 
nate use of two separately funnels facilitates steps 5 and 6. The separatorj- 
funnels should he rinsed with water between washings. 

/. Collect in an Erlenme3-er flask, hut carefully avoid eari'ving over anj* 
traces of water. The OHCl, extracts will hare either a faint green or faint 
purple color. 


Prom the Division ot Psychiatric Hesearch, Boston State Hospital. 
AlCeU by a prant from the CommomveaUh ot Massachusetts. 
Received for publication. July 5. 1945. 


InsUtu?? of 'SSfholo 

mem« and the enlculntlon fonnula. color measure- 


9(5 XlUIKTADT, HOWARD. AND JtyER«ON 

I 

8. Stopper (lie flask and store in rcfrificrator for al least (wo lioiii-s or 
overnight. 

9. Take 20 c.e. of the CHGlj extract (10 per cent of tiie original) and 
decolorize ndth 20 mg. decolorizing charcoal. Stir and filler through filter paper, 
Whatman No. 40, into a small beaker. 

10. Heat on a hot plate, concentrate to approximately 4 c.e., and transfer 
to a small graduated cylinder. AVash the beaker with a few cubic centimeters 
of hot CHClj twice more and add to the firet 4 e.c. of concentrate. Bring the 
final solution to the 10 c.e. mark b}' the addition of a few drops of CHCI3. 

11. Transfer to an Eveljni tube, stopper, and cool to 25° 0. in a water bath. 
Add 4 c.e. acetic anhydride and 0.2 c.e. (4 standard drops) of concentrated 
HaSO^. Do not remove from water bath while mixing. Place in diffuse light 
and take readings after exactly twenty minutes with filler No. 660 (center .sel- 
ling 61) of the Evelyn photoelectric colorimeter. 

12. Oaleulate with lv„ factor 0.032 ± 0.002. 

KXPERISIENTAL 

Investigation was made as to the influence on tlie Liebermann-Burchard 
reaction of substances present in the urine, either normallj' or under common 
clinical conditions, and as to the completeness of the extraction. The substances 
investigated were: (A) androgens, estrogens, creatinine, and bile acid, repre- 
senting the normal group and (B) glucose and albnmin representing the 
pathologic substances. 

A. Androgens, Estrogens, Creatinine, and Bite Acid . — 

1. Androsterone, Irans-deliydro-androsferonc, J-4-androslcncdione, testos- 
terone, testosterone propionate, and estrone do not .vield any color with the 
Liebermann-Burchard reaction. Consequently, an addition of these substances 
to the cholesterol-containing extracts did not influence the readings and did not 
interfere with the clinical applicability of tlic method. 

2. Creatinine was not an interfering substance, even when an additional 
600 mg. of creatinine per liter of nrine Avere added to tlie normal urine. The 
readings obtained Avith filter No. 660 Avere not influenced in spite of an increa.se 
in the amount of unspecific broAA'ii color present. 

3. Bile acids in tlic urine AA'hich mnj' interfere AVifli the Liebermann- 
Burchard reaction are excreted under normal conditions in only A-ery small 
amounts ; -they Avere completely removed by tlie alkali Avashings in onr procedure. 
We do not yet knoAv AAfiiether this is enougli to remove the increased amounts 
excreted by jaundiced patients. 

B. Glucose and Albumin . — ' ' 

1. The addition of as much as 10 Giu. dextrose per liter of urine did not 
influence the Liebermann-Burchard reaction. We therefore assume that the 
method can be applied to diabetic urine without adAmnce preparation of the 
.specimen. 

2. When large amounts of albumin AAmre present in the urine, as in nephro- 
sis, an emulsion betAveen the chloroform and albumin was occasionally formed 
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SO that centrifugation becatne necessaiy to recover the chloroform. It is evi- 
dent that 'working ^vith an emulsified urine does not increase the jneld. However, 
smaller amounts of albumin caused only a cloudiness of the urine during the 
process of extraction and do not interfere ■with the recovery of cholesterol. 
Therefore, the method is applicable in nearly all known clinical 'conditions. 

C. The completeness of the chloroform extraction containing added known 
amounts of cholesterol -was determined by re-extracting the discarded urine and 
the alkali washings. It was found that between 90 and 100 per eent of the 
amounts added to the original chloroform extract were recovered and only an 
unspecific brown chromogen remained in the otherwise discarded portions. 

The addition to the urine of blood serum, the cholesterol content of which 
was determined separately by an adaptation of the Bloor method to the Evelyn 
colorimeter, gave j'ields which are shonm in Table I. 


Table I 


i;o. 

CHOLESTEROI. 

IX SPECIJfEX 
(MO.) 

CHOIXSTEROL 

ADDED 

(MG.) 

CHOLESTEROI. 

RECOVERED 

(MG.) 

RECOVERY 

(%) 

1 

2.8 

2.3 

0.3 



2.7 

2.3 

5.0 


2 

1.3 

1.3 

2.3 

77 

3 

1.6 

2.8 

4.4 



1.6 

2.8 

4.4 


4 

0.55 

1.0 

1.55 


5 

4.0 

3.3 

7.9 

118 

6 

0.4 

0.1 

0,5 



0.4 

0.1 

0.5 


7 

2.2 

2.3 

4.6 

104. 


2.2 

2.3 

•4.5 


8 

1.1 

2,0 

3.1 



•Specimens were divided into two equal parts and the determlnaOons were made by 
two different workers. 


niSCUSSIOH 

The objections raised against the Liehermann-Burchard reaction are un- 
warranted as long as tlie necessarj’ precautions and standard conditions indicated 
by several investigatoi’s-’ are observed. The Liebermann-Burchard reaction 
for blood cholesterol has been a valuable clinical test in our hands. Therefore, 
it appeared feasible to attempt the application of the Liebermann-Burchard 
reaction for the determination of cholesterol in urine. 

We have shomi that the determination of the chromogen in the urine is a 
quantitative indicator of its cholesterol content. Although the Liebermann- 
Burchard reaction is not an exclusive indicator for cholesterol, we found that 
17-ketosteroids and other normal urinary contents do not give the Liebermann- 
Burehard reaction, that creatinine is destroyed, and that bile acids are removed. 
This leaves only the cholesterol as reagent in tiie chloroform extract, and the 
recoverj- experiments show that it actually is the sole source of the color reaction 
in our experiments. 

It was found that the Schoenheimer and Sperrj-'= modification for precipita- 
tion of cholesterol esters in blood with digitonide was not necessarj' in urine as 
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the addition of alcoholic digitonide did not increase the yield. This is probably 
dne to the complete liydrolysis as the first step of our procedure. 

-This step is .iust the reverse procedure of that practiced by Bruger and 
Ehrlich'’ who add as much as 10 per cent per volume of egg albumin to the 
urine to adsorb the cholesterol. Although these authoi-s have been able to re- 
cover cholesterol from urine in this manner, the addition of egg albumin creates 
new factors of possible errors; these cannot be neglected in view of the small 
amounts of cholesterol in urine. AVe have shown that hydrolysis is an effective 
way to extract cholesterol completely and it requires fewer steps. 

It may be ai’gucd that the amoimts of cholesterol excreted in the urine un- 
der normal conditions are too small for exact colorimetric determination. How- 
ever, the method described here is so sensitive as to reveal differences of 0.1 mg. 
cholesterol per specimen -which is only a small fraction of the whole amount ex- 
creted. The amount of cholesterol excreted by normal indinduals wms found to 
be from 2.5 to 4.0 mg. per day. 

.SUMMARY 

1. A simple technique is described for the photoeleetric determination of 
cholesterol in urine. 

2. The method is sensitive enough to detect variations of 0.1 mg. per sample 
of urine. 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 

?• 

9 . 

10 .' 

11 . 

12 . 

13. 

14, 
1 ."), 
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ON THE ESTBIATION OF AETERIAL CiU^BON DIOXIDE FRO^l 
SAMPLES OF CUTANEOUS (CAPILLARY) BLOOD 

LlKUra-VAXT COMMA^-DEK J. L. LiLIEN'THAE, JR., .VXD LlEUTEXAXT R. L. RU.EY, 
^Medic.vl Corps, United States Naval Reserve 

O NE of the microgasometric methods for the estimation of blood gases de- 
veloped by Seholander and Ronghton* is designed for the determination 
of COo. This method, vvhieli departs from the principles employed in the 
analysis of Oj, CO, and N,, depends upon the extraction of CO, from acidified 
blood by means of a partial vacuum. Tlie use of a jjartial vacuum in the 
Scholander-Roughton sjn-mgc analyzer introduces certain technical difficulties 
which make the analysis of CO, less accurate than the analysis of the other 
blood gases. However, the accuracy obtained is sufficiently good to make the 
Seholander and Roughton method a valuable approach to a variety of physiologic 
problems where the quantity of blood for analj-sis may be limited. 

Tlie demonstration that cutaneous (capillary) blood obtained from the 
heatrtl car lobe was equivalent to arterial blood, with respect to the oxyhemo- 
globin saturation, suggested that, similarly, the arteiial CO, content might be 
estimated from samples of cutaneous blood.' If tnie, this relationship would 
permit the estimation of arterial CO, contents without recourse to arterial 
puncture. In this report the accuracy of the microgasometric teehniciue for 
CO, analysis is first defined and the feasibility of using cutaneous blood as a 
means for estimating the CO, content of aiieiaal blood is then evaluated. 


ACCURACY OF THE MICROGASOMETRIC TECIINiqUE FOR CO, .AXALYSK 


The method employed in this study followed, in the main, that reported 
by Seholander and Roughton- in their original communication. The following 
minor modifications have proved useful in this laboratorj-; 


1. The maintenance of vacuum in the syringe analyzer by means of a iiure 
glycerin seal did not jirovc completely satisfactory. The sealing liquid was 
thickened by suspending 1 Gm. of gum tragacantli in 100 c.c. of glycerin (specific 
gravity, 1.249). This high viscosity suspension prevented aU leaks. 

' 2. Sealing of the analyzer cup by means of a late.x-tipped toothpick 
proved satisfactory-. The durability of the plug may be enhanced by using 
vulcanized latex. :Maintaining the seal by manual pressure during the evacua- 
tion of the gas did not prove reliable. To avoid the necessity- for manual prc.ssure 
on the plug, the latex-tipped toothpick yvas mounted in a small wooden block to 
yvhich was attached two clastic rubber bands. Another hinged wooden, block 
was att ached to the butt of the syringe bairel (Fig. 1, A). The toothpick yvas 
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then seated in the cup and maintained firmly in position by looping the rubber 
bands over the retaining block (Fig. 1, A-1). 

3. In accordance vritli the sugge.stion of Scholander and Eoughton,* "we have 
used a syringe analyzer wth a longer capillaiy which pemits the use of a 20 
c.mm. sample (50 unit instead of the standard 30 units capillarj')- The in- 
creased volume of the sample of blood (0.02 instead of 0.012 c.c.) increased the 
accuracy of the method. 

4. Foaming within the syringe anal3-zer often creates great difficulties 
'Which maj' be avoided largelj* bj' moistening the tip of the syringe plunger with 
a minute drop of caprylic alcohol when it is first prepared with the tragacanth- 
glycerol mixture. This small amount of caprylic alcohol is then deposited in 
a fine film over the wall of the syringe and reduces subsequent foaming. Per- 
sistent bubbles may be broken up readily by vigorous but guarded shaking of 
the analyzer in its long axis. It is important to note here that the microgaso- ' 
metric method for CO, is relatively much more difficult to master than the 
methods for 0,, CO, and K,. 


T.\bi.e I. CO. Context by the Scholandzr-Boughtox Method 
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0.7 average difference 


The reproducibility of the analj-tie procedure may be evaluated from the 
re-sults of a large number of duplicate analyses. In Table I is presented the 
difference between duplicate analyses of sixtj'-ninc separate samples of blood. 
The average difference was 0.7 volume per cent; 84 per cent of the pairs dif- 
fered by 1,0 volume per cent or ]e.ss (total range, from 0.0 to 2.4 volumes per 
cent). 

The accuracy of the Scholander-Roughton method may be evaluated by 
comparing resrfits with those of the Van Sl.vke-Neill manometric method. In 
Table II are presented the results of duplicate analj-ses of eighteen separate 
blood samples both by the Van Slyke-Ncill manometric and the Scholander- 
Rouchton microgasomctric methods. The Seholander-Eoughton analv.ses a\-er- 
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Tabu: II. Co.mi’aratjvb Vak tJi.vKE-ICEn.i. and SciiDi.AN'BEii-IJouoHTo.v Analyses or 

Eighteen Samples op Blood 


(1) 1 

VANSLYKE- 1 

NEILL 
(VOL. %) 

1 

■ (2) i 

scholandei:- , 
ROUGHTON 
(VOL. %) 

1 

(3) 

VAN SLYKE- , 

NEILL j 

- SCHOLANDER- 
ROOGHTON 

(4) 

(2) X 1.023 1 

i 

1 (5) 

(4)-(l) 






33.S 

33,3 

1.015 

34.1 

+0.3 

47.0 

45.0 

1.045 

46.2 

-0.8 

.37.2 

36.1 

1.030 

37.0 

-0.2 

■i2.1 

41.8 

1.005 

42.S 

-^0.7 

35.1 

34.5 

1.015 


+0.2 

43.1 

42.4 

1.015 

43.4 

+0.3 

36.0 

34.2 

1.050 

35.0 

-1.0 

- 59.3 

50.3 

1.050 

^7.7 

-1.0 

52,S 

51.0 

1.035 

52.2 

-0.0 

44.5 

43.2 

1.030 

44.2 

-0.3 

50.7 

49.4 

1.030 

50.0 

-0.1 

47.0 

45.2 

1.040 

40.3 

-0.7 

49.7 

4S.fi 

1.020 

49.8 

+0.1 

50.2 

40.7 

1.010 

51.0 

+0.8 

48.1 

48.0 

1.000 

49.2 

^1.1 

46.6 


1.025 

46.0 

0.0 

48.4 

48.0 

0.995 

49.8 

+1.4 

49.7 

48.0 

1.020 

49.S 

+-0.1 


Average 

1.023 

Average difference 0,6 


aged 1.1 volume per cent less than the Van Slyke-Neill determinations. The 
average “i” factor (CO 2 by Van Slyke-Ncill -f CO. by >SeJiolander-Roughtoii) 
was 1,023 as com])ared with tlie "i’' factor of l.Olo determined liy Seholander 
and Eoughton.* Wlien corrected by use of the “i” factor, the average differ- 
ence between results b 3 ' the two methods was 0.6 volume per cent; S3 per cent 
of the bloods differed b.v 1.0 volumes per cent or less (total range, from 0.0 to ' 
1.6 volume per cent). 

EQUIVALK.VT OP AliTCIUAL A.XD CUTANEOUS CO; CONTENTS 

The comparison of the CO; contents of arterial blood witli blood from the 
heated ear lobe was made in the same fashion as described in detail for the 
determination of oxjdiemoglobiu saturations.* An indwelling arterial needle 
permitted a sample of blood to be drami from the brachial aa’teiy simulfnneouslj' . 
with the sample from the heated ear lobe. The method originallj’ described for 
oxyhemoglobin saturation employed a wet anticoagulant to obliterate the dead 
space in the collecting s.vringe. This liquid introduced an unknown dilution 
which did not alter the detei’mined oxyhemoglobin saturations because thej' 
were expressed as percentages. However, this dilution would introduce an 
appreciable error into any determination of absolute content of CO„. In order 
to calculate the dilution factor, the collecting syringe was modified by fusing 
the collecting funnel directly to the .syringe tip (Fig. 1, B). Bach sjn-inge was 
then calibrated by weighing it when drj- and again when the syringe dead space 
and the funnel had been filled mth the liquid anticoagulant (Hepan'n,* 1 mg. 
per cub ic centimeter) up to a mark etched on the glas.s funnel. The volume of 
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anticoagulant was then detennined from. the difference in drv and wet weights. 
The volume of the blood sample obtained was measui-ed by the calibration of 
the syringe. The ratio of anticoagulant to blood permitted calculation of the 
dilution factor. 'With these syringes, the volume of anticoagulant varied from 
0,083 to 0.12 C.C., and the samples of blood ranged in volume from 0.5 to 0.9 
C.C., so that the dilution factors varied from 1.09 to 1.24. 

■■ The fused funnel-sjTinge requires a modification in the technique of trans- 
fer of the blood to the Scholander-Koughton pipette. This transfer may be 
effected anaerobically with ease by placing a small conical rubber tip over the 
end of the pipette (Fig, 1, B-1). This rubber tip may be inserted into the 
glass funnel to obtain a sample of blood. The tip is then removed and the 
sample transferred in the usual manner to the sAminge analyzer. 

Table m., Compaeisok of CO. Contexts of Samples of Blood Obtained SnirLTANEOESLY 
Fp.om BpjiCHtAt. Ap.txp.v and Heated Eae Lobe (Yoluaies Pep. Cent) 


(1) 

ARTEaY 

VAX SLYKE- 
XEILL 

12) • 

EAP. LOBE 
SCHOLANDEn- 
r.OEGHTON 

X “i” 

(3) 

72)-(l) 

(^) 

EAR LOBE 
CORRECTED 
SCHOLANDER- 

ROUGHTOX X 

1.023 

(5) 

C4)-(l) 

47.6 

46.9 

—0.7 

45.8 

-1,8 

44.4 

45.9 ' 

•fl.5 

44.8 

rO.4 


52.4 

4-2.2 

51.2 

n.o 

48.1 

49.2 

+L1 

48.1 

0 0 

48.4 

49.6 

+1.2 ’ 

48.0 

^.1 

47.6 

50.0 

+2.4 

48.8 

-^1.2 

4.1.0 

46.9 

^1.9 

45.8 

-0.8 

48.ii 

4S.7 

+0.4 

47.0 

-0,7 

4P.7 

50.4 

-10.7 

49.2 

-0.5 

46.8 

50.7 

+3.9 

49..5 

+2.7 

48.9' - 

50.4 

+1.5 

49.2 

+0.3 

44.4* 

45.1 

+0.7 

44.1 

-0.3 


~ A\ erage +1.4 Average difference 0.8 

‘Blood samples obtained at 30.000 and 35,000 leet pressure-altitude, respectively, in the 
nf‘compre5slon chamber. 

The data obtained in tivelve consecutive experiments are presented in Table 
III. The ear lobe samples were on the average 1.4 volumes per cent higher 
than the ailerial samples. By coincidence, the factor by which the ear lohe 
values had to be mnltiplicd to give the best possible approximation to the 
arterial values ivas almost equivalent to the reciprocal of the “i" factor (pre- 
ATOusly mentioned) derived. In other words, as shown in Table III, the two 
correction factoi-s cancelled out. On this basis, the ai-erage difference between 
results by the two methods was 0.8 volume per cent (range, from -1.8 to -5-2.7 
volumes per cent). In nine of the twelve comparisons, the difference was 1 
volume per cent or less. 

Since the oxygen saturation of blood from the heated ear lobe has been 
showi to be equivalent to that of arterial blood, the finding that under similar 
conditions the CO, content of car lobe blood exceeds that of arterial blood re- 
quires explanation. Several possibilities which may be considered follow- 
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1. A constant error may enter in measuring the dilution due to anti- 
coagulant. 

2. The ear lohe blood sample may be diluted l)y the introduction of tissue 
fluid containing larger amoiants of CO,. 

3. The erythrocyte volume of cutaneous blood under tliese experimental 
conditions may be somewhat less than that in arterial blood. If this state 
obtained, a “capillary” sample would contain a larger proportion of plasma 
and, therefore, a higher CO, content. 

4. Although the oxygen satiu-ation of blood from tlie heated ear lobe, as 
determined, indicated complete arterialization, this finding may be more appar- 
ent than real. For example, in the ai’terial range of oxyhemoglobin dissociation, 
no available analytie techniques will detect the minute change in saturation 
occasioned by a fall in oxygen tension of from 10 to 15 mm. Hg. However, a 
failure to attain complete arterialization would become evident with respect to 
CO,. 

"Whatever the explanation of these differences may be, the fact remains that 
the CO, content of blood from the heated car lobe may bo employed to estimate 
the CO, content of arterial blood. 


SUMMARY 

The Scholander-Eoughton microgasometric method has been found to af- . 
ford a usefully accurate means for estimating the CO, content of a minute 
sample of blood. This method applied to samples of blood from the heated 
ear lobe gives CO, values from which the COj content of arterial blood may be 
estimated. 
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BOOK REVIEWS 


Bacillary Dysentery, Colitis and Enteritis. By Joseph Felsen, BA., il.D., Director of- 

Medical Eesearch, Bronx Hospital, Hew York, H. Y.; Director of International and 

Pan-American Dysentery Registry. W. B. Rannders Company, Philadelphia. Price 

$6.00. Cloth witii 618 pages and 144 figures. 

The author is to be congratulated for having accumulated between the covers of one 
book of 618 pages such a vast amount of information about every conceivable phase of this 
subject. It should be noted also that this is the first book to be published in the United 
States on this subject. 

One is impressed bv the -broad coverage of the subject, by the unbiased presentation 
of data and opinions, by the author’s exhaustive review of the literature, and by his 
unique adaptation of such a volume of information into its proper place in the presentation 
of the subject. One is impressed favorably by the author’s vast personal experience and his 
active personal investigations in the subject. Such a background ha,s enabled him to eval- 
uate critically all Information chosen for the book. 

Tlie historical aspects of bacillary dysentery are considered first. The disease has 
been traced from 480 b.c, to the present time, showing that it has always been a major 
disease of wars, a major military problem, and a constant and serious endemic problem in 
many parts of the world. 

The type of information one would expect is found in the large section on epidemiology. 
However, in addition, one finds unusual information such as that found in sections on the 
survival of B. dysenteriae in soil and the gastric barrier in bacillary dysentery. There is 
much evidence indicating that the author has searched the literature exhaustively in reviewing 
the subject. 

The clinical aspects of the disease are presented in considerable detaih The author ha= 
brought to bear on each subheading of this section the findings of many investigators inter- 
ested in some certain phase of the disease. This is particularly true in the section on age 
incidence where the occurrence of this infection in the newborn period is stressed. Emphasis 
is placed particularly on the great variation in the symptomatology of the disease, from the 
asj-mptomatic or mild type to the rapidly fulminating and suddenly fatal type; also from 
the acute type with severe diarrhea to the mild type with constipation. Attention is also 
called to the atypical clinical forms of the disease. This is important because such unusual 
forms are not likely to be recognized by the clinician of average experience with this disease. 
It is important to know that in some cases the predominant symptoms suggest acute appendi- 
citis, meningitis, pneumonia, or severe agranulocytosis. 

The average observer of ca<-es of this disease may recognize few complications. It 
is therefore timely and important that the author has presented the many complications 
which may occur. The relation of some of these to dysentery could easily be overlooked. 
Knowledge of the complications may also inaie.ate in retrospect the true nature of a recent 
preceding infection. 

The presentation of the bacteriologj- of dysentery is complete and up to date. The 
data in this section would complement greatly that found in our best textbooks on bac- 
tcriologj- at the present time. JIuch information has been accumulated in this section. 
Data arc found regarding the various types of B. dysenterioe, the incidence of each in the 
etiology of dysentery, biochemical methods of classification of these microorganisms, their 
antigenic relationships, and the most recently suggested serological cla-ssification bv Boyd 

Tlic section on serological aspects of baciUarj- dysentery constitutes an' imp'ortant 
accumulation of information on this phase of the disease. The controversial views regarding 
the significance of scrum agglutinins are presented in some detail. Data are presented show- 
ing that their presence is usunUy compatible with the disease, tJie convalescent state or the 
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carrier Bitimtion. Their absence is also compatible, with a bncteriologically proved infection. 
Numerous data arc presented showing a rise in agglutinin titers in the sera of human 
subjects as well as of rabbits following tlio administration of antigens of 2?. dyscntcriae. 
Such data have been available previously only in the publications of various autliors. These 
data have been brought together here and related to the patient rvith dysentery. 

Various phases of prophylactic and curative therapy are considered. Much emphasis ’ 
is placed on prophylaxis, ns it should be. In a consideration of therapy the preponderance 
of data has to do with the use of various sulfonamides, ns one would expect, since their 
curative effectiveness has been demonstrated repeatedly. 

Chronic ulcerative colitis and chronic distal ileitis arc presented as instances of chronic 
baoillarj' dysentery. Tlie author has personally conducted follow-up studies of a number 
of these patients. lie has demonstrated in .*50 per cent of 12-1 such patients a positive 
culture, a previous hisloiy of tlio disease, the presence of bacteriophage for J7. dysenteriae, 
or a combination of these findings. Other prevailing concepts of the etiology of chronic 
ulcerative colitis and chronic distal ileitis are also presented in all fairness. Differential 
diagnosis and treatment are given in considerable detail. 

The appendix contains much information regarding technical methods used in the 
diagnosis of bacillary dysentery. This information includes a method for obtaining material 
for bacteriological culture from the inttstino by sigmoidoscopic crypt aspiration, differential 
plating media, and cultural and serological identification of the types of J3. dysentcrioe. 
Similar information utiliingz the most recent and best methods should appear in subsequent 
revisions of some of our standard to.xtbool{s on bacteriologj-. 

The bibliography occupies ninety-five pages and is an excellent testament to the thorough- 
ness with which the author has reviewed the literature dealing with every phase of the subject. 

Merij.v L. CobrER, M.D. 


Facial and Body Prosthesis. By Carl Dame Olarke, Ph.D., Associate Professor of Art as 
Applied to Medicine, School of Medicine, University of Maryland; Captain, Sanitary 
Corps, Army of the United States; Department of Moulage and Prosthetics, Army 
Medical Museum. The C. V. Mosby Company, St. Louis. Price .$5.00. Cloth with 200 
pages. 

This book is written by one who has had considerable experience in the field of prosthesis. 
The subject matter includes not only facial, but also body prostheses. These may be used 
for a short time until the defect can bo corrected by surgerj- or, when surgical repair is not 
advisable, they may be used permanently. In the reproduction of a missing part of the body 
the basic technique is carefully considered and well illustrated. The advantages and disad- 
vantages of the various materials, which have increased many-fold in recent years, are dis- 
cussed. In the chapter on Eepair of Cranial Defects by Cast Cliip-Bone Grafts, the descrip- 
tion of the technique could be condensed, and tlic surgical aspects are out of place in a book 
of this type! 

When surgical repair of a body defect is not indicated, the prosthesis is an adequate 
substitute. The particular .skills of the plastic surgeon, the dentist, and the artist are essen- 
tial to the construction and wearing of a satisfactory appliance. Knowledge of the ma- 
terial contained in this book irill help the novice avoid many disappointing results. 

Bernard G. Sarnat. 


In the Doctor’s Office. By Esther Jane Parsons, formerly Eesearch Technician, Depart- 
■ment of Biochemistry, College of Physicians and Surgeons, Coluirtia University; 
'■ formerly Instructor in Medical Office Procedures, Paine Hall School for Medical 
Assistants, New York, N. Y. J. B. Lippincott Company, Pluladelphia. Price $2.00. 
Cloth with 295 pages. 



kadioaotive phosphorus as a 

REVIEW OP THE LITERATURE AND ANALYSIS ^P THE 

RESULTS OP TREATMENT OP 155 PATIENTS WITH 
VARIOUS BLOOD DYSCRASIAS, LYMPHOMAS, 
and OTHER IMALIUNANT NEOPLASTIC 
DISEASES 

Edward H. Reinhakd, M.D, Hvrl V. Moore, M.D., Olga S. Biebbatoi, B.S., 

and Sherwood Moore, M.D. 

St. Lotns, Mo. 

With an Appendix by ^Iartin D. Kamen, Ph.D., St. Louis, Mo. 

The Assay of Radioactive Phosphorus 

n ADIOACTIVE phosphorus has been used for the treatment of patients 
K various diseases since 1936. Lawrence and his associates^ pubhshed m 1939 
the first detailed report of therapeutic results obtained with radioactive phos- 
phorus; the four patients discussed in this report aU had leukema Since then 
many ohservers^-^' have recorded additional experience in the treatment of 
leukemia and a wide variety of other disorders, principally malignant neoplastic 
diseases. These reports describe the effectiveness of this new therapeutic agent 
in a total of approximately 406 patients. Unfortunately, however, specific data 
in the form of case reports, charts, or graphs are given for o^y 140 of the sub- 
jects. It is the purpose of this communication to (1) review this literature 
critically, (2) summarize the experimental work which provided the rationale 
for the use of radioactive phosphorus, (3) describe our own experience accimu- 
lated during the past four years and based on the treatment of 155 patients 
who had various hematologic dyscrasias or malignant neoplastic diseases, and 
(4) evaluate the effectiveness of this therapy and comapre it with older methods 
of treatment. We realize that four years of personal and nine years of over-all 
experience is insufficient for the final evaluation of radioactive phosphorus as a 
method of treating polycj-themia vera and the chronic forms of leukemia. But 
even for these diseases it seems profitable to summarize existing information and 
draw tentative conclusions. 

From the Edward SlaUinckrodt InsUtute ot Radiologr and the Ilepartinent of Internal 
Medicine. Washington University School ot Medicine. 

The authors wish to express their indehtedness to a large number of persons whose 
cooperation and help made these studies possible. Louis H. Hempelmann. M-D.. IniUated this 
sun-ey but had to leave shortly thereafter for government service, Arthur Hugh^ Ph.D., 
Harrj' Fuibright, Ph.D., Albert Schulke. and Harry Huth regularly supplied us with radio- 
active phosphorus often at considerable personal sacriUce of time and convenience. Reuhenla 
Duhacli Ph.D. and Mary Lou W'lieeler kindly made the measurements of radioactivity In 
tissues. Elixabcth nice Sido was of invaluable aid In the hematologic studies. Finally, In- 
debtedness is acknowledged to the many physicians a-ho referred patients to us and made it 
possible for us to folloa- the paUents at frequent Intervals. 
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For the sake of clarity, the various hematologic dyserasias for which radio- 
active phosphorus has been used therapeutically will be treated separately. 
Under each such heading, the pertinent literature will be revdewed and our own 


data given. Material will be presented in the following order : 

I. MATEimu. AND Methods - HO 

II. Rationale fob the Thebapedtic Use of Radioactive Phosphobus _ _ _ - lU 

A. Dolinition of Radioactive Phosphorus and Description of Its Radiation 

Properties - HI 

B. Definition of Millicurie and Relation to Roentgens of X-ray ______ H3 

C. Selective Uptalce of Radioactive Phosphorus by Tissues and Cells _ _ - 113 

D. Absorption and Excretion of Radioactive Phosphorus 121 

E. Summary - 121 

III. PoLYCTTHEXtlA VeBA - 122 

A. Review of the Literature - 122 


B. Analysis of Results Obtained in Treating Tliirty Patients With Polycythemia 


Vera - ^23 

1. Effect of Therapy on the Cellular Elements of the Blood _ _ _ - - 121 

2. Effect of Therapy on the Clinical Manifestations of Polycythemia Vera - 129 

3. Duration of Remissions Produced - 131 

C. Comparison of Radioactive Phosphorus With Other Forms of Therapy Used in 

the Treatment of Polycythemia Vera ___________ _ 131 

D. Summary and Recommended Method for Administering P32 to Patients With 

Polycythemia Vera - 132 

IV. Myelogenous Leukemia - - 133 

A. Review of the Literature _______________ _ 133 

B. Analysis of Results Obtained in Treating Thirty-Nine Patients With Myelo- 
genous Leukemia ___________________ 136 

1. Effect of Therapy on the Cellular Elements of the Blood 137 

2. Effect of Therapy on the Clinical Manifestations of Myelogenous Leukemia IH 

C. Comparison of Radioactive Phosphorus With Other Forms of Therapy Used in 

the Treatment of Myelogenous Leukemia __________ 145 

D. Summary and Recommended Method for Administering P32 to Patients 
With Chronic Myelogenous Leukemia ____________ 147 

V. Lymphatic Leukemia _____________ ___149 

A. Review of the Literature _______ 149 

B. Analysis of Results Obtained in Treating Forty-Five Patients With Lj-mphatic 

Leukemia ____________ 152 

1. Chronic and Subacute Lymphatic Leukemia _________ 152 

2. Leucosarcoma or Acute Lymphatic Leukemia _________ 162 
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C. Comparison of Eadioactive PhospTioms ‘With Other Porms of Therapy Used 
in the Treatment of Lymphatic Leukemia 

D. Summary and Eecommended Method for Administering to Patients 
With Lymphatic lieukemia 

"VI. Mokocytic LctkemiA - ^ 

A. Eevievr of the Literature 

B. Analysis of the Eesults Obtained in Treating Ten Patients With Monocytic 

170 

Leukemia 

174 . 

C. Summary 

ATL Hodgkin’s Disease - -- -- -- -- -- -- -- -- -- 

A. Review of the Literature - -- -- -- -- -- -- -- - 

B. Analysis of the Eesults Obtained in Treating Sis Patients With Hodgkin’s 

Disease - 1'^ 

G. Summary 

vm. LYMPHOSAECOilA, EETICtTLUil CELL SAECOiLA, AND GlANT POLLICULAS LYIEPHO- 

BLASTOiLA - -- -- -- -- -- -- -- -- -- -- - 178 

A. Eeview of the Literature - 178 

B. Analysis of the Eesults Obtained in Treating Five Patients With Lymphosar- 
coma, Three Patients With Eeticulum Cell Sarcoma, and One Patient With 
Giant Pollioular Lymphoblastoma - -- _- _- -- ___-181 

C. Summary - - 182 

IX. Multiple Myeloma - 183 

A. Eeview of the Literature - 183 

B. Analysis of the Eesults Obtained in Treating Eight Patients With Multiple 

Myeloma With Radioactive Phosphorus 185 

C. Summary - 187 

X. Miscellaneous Diseases - 189 

A. Eeview of the Literature - ___ - 189 

B. Analysis of the Eesults Obtained in Treating Three Patients With Ewing’s 

Sarcoma, One With Malignant Melanoma, One With Anaplastic Carcinoma 
(Primary Site Undetermined), Two With Mycosis Fungoides, and One With 
Xanthomatosis - _ _ ygg 

C. Summary - _ 292 

XL QENEP.AL Summary and Conclusions _ _______ _ jgg 
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I. MATERIAli AND METHODS 


Tke diagnoses established for the 155 patients included in our omi study 
were: polycythemia vera, 30; myelogenous leukemia, 39; lyunphatic leukemia, 
45; monocytic leukemia, 10; Hodgkin’s disease, 6; lymphosarcoma (small cell 
type), 5; reticulum cell sarcoma, 3; giant follicular Ijunphohlastoma, 1; multiple 
myeloma, 8; Bang’s sarcoma, 3; malignant melanoma, 1; anaplastic carcinoma 
(primary site undetermined), 1; mycosis fungoides, 2; and xanthomatosis, 1. 
The diagnosis in every case was confirmed by sternal bone marrow aspiration 
or by lymph node or tissue biopsy'. Of these 155 patients, 82 have died and 73 
are still living. Post-mortem examinations Avere performed on 53 of the 82 
patients who have died. 

The radioactive phosphorus was prepared in the cyclotron of the Mallin- 
ckrodt Institute of Radiology by bombardment of red phosphorus with 12 mil- 
lion volt deuterons. The phosphorus was then synthesized into its dibasic so- 
dium salt, according to the procedure used by Kamen,’® recorded in detail in a 
previous publication.’^® Sufficient water Avas added to make an isotonic solution 
(15 mg. NajHPO., per cubic centimeter). The radioactivity of the phosphate 
solution was determined by means of a Lauritsen electroscope calibrated with a 
uranium standard.* The initial aetmty of a freshly prepared solution usually 
varied between 0.20 and 0.40 millicuries per cubic centimeter. The solution of 
radioactive phosphorus Avas used until its strength had decayed to from 0.04 
to 0.05 millicuries per cubic centimeter. 

The plan of therapy for all the diseases except polycythemia vera closely 
followed the "fractional method” outlined by LoAA'-Beer, LaAA'rence, and Stone.’* 
This consists of small frequent intravenous injections of radioaetiA'e phosphorus. 
In only a very few instances was the material given by mouth. The size of each 
dose given parenterally varied between 0.1 and 2.5 millicuries (100 and 2,500 
microcuries) . Patients AA'ere usually treated two or three times a week at first. 
As the white blood cell count either approached normal in the patients AA'ith 
leukemia or became subnormal in those in whom the white blood count was not 
elevated at the beginning of therapy, the dosage was decreased and the time 
interval betAveen treatments AA’as lengthened. Patients with polycj'themia A'cra 
were given larger quantities of radioactive phosphorus at much less frequent 
intervals. 


Therapy was governed principally by the changes produced in the peripheral 
blood. In patients Avith leukemia and polycythemia vera, an attempt AA'as made 
to restore the cytology of the blood as nearly to normal as possible and to main- 
tain this effect. Considerable indmdualization of treatment Avms necessary 
because of the great variation in response shoAvn by different persons. The re- 
missions induced in most patients were sufficiently good to permit interruption 
of therapy for a period of months. In a fcAv instances it seemed adAusable to 
continue regular injections of the radioactive phosphorus at intervals of several 


calibration of radioactivity is made differently at the 
Massachusetts Institute of Technologj' than at the University of California and at Washington 
University. Furthermore, the values obtained at the first of these institutions differ from mose 
made at the other two. A more complete discussion of these differences is given in the ap- 
pendlx to pis paper written by Dr. Martin D. ICamen. AAmeneveF dosage Is given in terms 
of millicuries, this discrepancy must constanfly be borne in mind. 
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■weeks. More active therapy -was reinstituted whenever the changes in the 
peripheral hlood indicated that the remission had ended, even though no sjunp- 
toms developed at these times. 

In the cases of lymphosarcoma, reticulum cell sarcoma, Hodgkin’s feease, 
multiple myeloma, and the other ' malignant neoplastic diseases, in which the 
white hlood cell count was not elevated, regulation of therapy was more diffi- 
cult. Administration of radioactive phosphorus was continued in these in- 
stances until changes in the peripheral blood gave warning of a depression of 
bone marrow activity. In some patients, serial bone marrow aspirations were 
done to aid in regulating therapy. Patients with subleukemic leukemia were 
given amounts that were comparable to those required by leukemic subjects "witii 
elevated leucocyte counts. 

On each -visit to the clinic, symptoms were recorded, the patient was exam- 
ined, and the following lahoratorj^ data were obtained : total red blood cell and 
white blood cell counts, hemoglobin, reticulocyte level, platelet count, and a 
leucocytic differential. "While fixed cover slip preparations were made for per- 
manent records, the differentials were made routinely with the supravital tech- 
nique. The hlood-counting equipment had all been standardized by the U. S. 
Bureau of Standards. Hemoglobin determinations were made by the Evelyn 
oxyhemoglobin method^® on an Evelyn photometer which had been standardized 
by determinations of the oxygen combining power. Reticulocyte and platelet 
counts were done by the Dameshek method.’'^ 

n. RATIONALE FOR THE THERAPEUTIC USE OF RADIOACTIVE PHOSPHORUS 

A. Definition of Radioactive Phosphorus and Description of Its Radiation 
Properties. — The nature of radioactive phosphorus, the means by which it is 
prepared in the cyclotron, the nuclear transformation which occurs when it 
disintegrates, and the characteristics of the radiation emitted have been described 
simply and clearly by Aebersold.^- In brief, to prepare radioactive phosphorus, 
ordinary stable red phosphorus is smeared on a copper target which is then 
placed directly in the path of a beam of high-speed deuterons (nuclei of hea-vj- 
hydrogen) emitted by a cyclotron. As a result of this bombardment, a neutron 
enters the nucleus of a small fraction of the phosphorus atoms (Pig. 1). Stable 
phosphorus has an atomic mass of thirty-one — ^fifteen protons and sixteen neu- 
trons, each of which has a mass of one. Since the mass of any atom is ordinarily 
VTitten to the right and slightly above the atom’s chemical symbol, stable phos- 
phorus is referred to as When a neutron enters the phosphorus nucleus, 
the atomic mass is increased by one, and the resultant nucleus has a mass of 32. 
Radioactive phosphorus is, therefore, referred to as P" ; its nucleus is unstable 
and the atom is radioactive. This new nucleus has the same number of protons 
(positive charges) as the nucleus of P«; thus, in the complete atom, there will 
ho the same number of electrons (fifteen) revolving around the nucleus— one 
e ectron for each proton. The chemical identity of any atom is determined bv 
the number of orbital electrons; P” and P^=, therefore, are chemicallv identical 
An atom of P” eventually emits a beta-ray (an electron), whereupon one of the 
neutrons m the nucleus changes into a proton. The atomic mass of the nucleus 
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is not changed because protons and neutrons each iiave a mass of approximately 
one, but the positive charge on the nucleus is increased by one. Tliis new nu- 
cleus is the nucleus of ordinary stable sulfur. The electron or beta-ray w'hich is 
emitted when is transformed into sulfur is the means by which radioactive 
phosphorus exerts its effect on tissues. Tliese beta-rays have energies as high as 
1.8 million electron volts; their average energy^ is approximately 0.6 million 
electron volts. The maximum range of penetration of these rays through the 
body tissues is approximately 0.7 centimeters. Tlie half-life of is 14.3 days, 
which means that within t-wo weeks after administration any given dose of P” 
■wiU have lost half of its radioactivity by transformation into stable sulfur; 
within a month the activity’' wall be one-fourtli of tlie original value, etc. This 
rate of decay is short enough so tliat the radiation effects can be controlled, and 
yet it is sufficiently long so that a given tissue can be subjected to relatively 
prolonged, low-grade radiation. Thus, neoplastic or abnormally metabolizing 
cells can be subjected to a radiation effect throughout the whole of several 
mitotic cycles. If it is true, as has been suggested, that such cells are affected 
by radiation only during one phase of the mitotic cycle, then the prolonged, low- 
grade activity of P^“ is an important theoretical advantage over x-ray therapy. 


Unstable* jnslonloneously 
djsmteqrotcs 



Fig. 1. Eadioactive phosphorus produced by deuteron bombardment of stable phos* 
phoras (only nuclei are represented). Schematic presentation of nuclear changes involved 
production of radioactive phosphorus and its transformation into stible sulfur. 

^ plus because of their positive charge, while neutrons are left blank. 
The number of electrons which revolve about the nucleus (1) is equal to the number of 

(2) determines the chemical ident ty orthe a?om Since both 
stable and radioactive phosphorus have fifteen protons, they behave alike chemically. 
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"Wlieii phosphorus is bombarded by deuteroiis in a cyclotron, only a small 
fraction of the atoms are made radioactive. The number depends on the n^ber 
and energies of the striking deuterons. Actually, as the bombardment is car- 
ried out in the "Washington University cyclotron, about one in every two mil- 
lion to five million atoms becomes 

B. Definition of Millicurie and Relation to Roentgens of X-ray. — Since the 
dosage of radioactive phosphorus is always given in terms of millicuries, it is 
important that this unit of measurement be defined. A miUcurie is that amount 
of any radioactive substance of which 37,000,000 atoms disintegrate per seeond^= 
(see Dr. Kamen’s discussion in the Appendix). Similarly, a microcurie is the 
amount which disiutegrates at the rate of 37,000 atoms per second. This defini- 
tion, it must be emphasized, does not take into account the type or energy of the 
radiation, hoth of which factors profoundly influence the physiologic effects of 
the radiation. For instance, radium emits alpha and gamma rays of high energy 
as well as beta-rays. One millicurie of radium, therefore, will produce different 
effects on tissue than will one miUicurie of radioactive phosphorus. Conse- 
quently, one cannot assume that a mUlicurie of P’’ wiU exert a radiation effect 
comparable to that of a millicurie of any other radioactive element or isotope. 

An attempt has been made to translate these doses into terms with which 
clinicians and radiologists are more familiar. They have been related in par- 
ticular to roentgens of x-rays.®' For example : 

1. If 1.1 microcuries of P®^ remain in a kilogram of tissue untU. it has com- 
pletely disintegrated, 1 roentgen equivalent of radiation will be delivered to that 
tissue. 

2. If 1 microcurie of P®^ remains in a gram of tissue for twenty-four hours, 
43 roentgen equivalents of radiation wiU be expended in that tissue. 

3. If 1 millicurie of P®^ is retained for twenty-four hours by an adult 
weighing 70 kilograms, the effect will be equivalent to 0.6 roentgen equivalents 
of whole body radiation. 

These relationships, however, are certainly not exact since x-rays are usu- 
ally administered from an external source to the surface of the body and pene- 
trate to a variable depth, while the beta-rays of P®‘ are emitted from phosphorus 
actually in the tissue. 

C. Selective Uptake of Radioactive Phosphorus iy Tissues and Cells . — 
Fundamental studies by a number of investigators®®-®® have shown that P®® has 
a practical advantage over conventional methods of radiation therapy such as 
x-ray and radium in that when it is administered it is selectively withdrawn 
from the blood by certain tissues and ceUs. Fortunately, the tissues in which 
the greatest concentrations of radioactive phosphorus are deposited are usually 
those primarily involved in polycj-themia vera, the leukemias, and the lymph 
node diseases. In general, this differential uptake of phosphoras by cells is de- 
pendent upon at least three factors: (1) the total amount of phosphorus in ex- 
changeable form in the tissue, (2) the rate of turnover of phosphorus by the 
tissue, and (3) the rate at which new tissue is formed. 

The extent to which the total exchangeable phosphorus in tissues influences 
the distribution of radioactive phosphorus is illustrated by bone. Bone has a 
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high inorganic phosphoras content and consequently takes up a large amount 
of the radioactive isotope. The effect of rate of turnover of phosphorus is il- 
lustrated by the marked difference in the accumulation of radioactive phos- 
phorus in liver and brain. These two tissues have approximately the same phos- 
phorus content, but liver takes up a large amount of phosphorus, whereas brain 
takes up relatively little due to the extremely slow rate of phosphorus metabolism 
by the brain. The effect of the rate at which cellular multiplication and new 
tissue formation occurs is illustrated by the fact that neoplastic tissue invariably 
takes up a great deal more phosphorus than does the same tjqje of tissue in a 
normal state of growth. . 

Lawrence and his associates-®* studied the distribution of radioactive 
phosphoras in the various tissues of normal and leukemic mice. A single dose 
of labeled phosphorus was administered to two groups of mice : one normal and 
one with lymphatic leukemia. The animals were sacrificed at various inter- 
vals, and the labeled (radioactive) phosphorus content of the tissues was de- 
termined. In Fig. 2 is shov-n the amount of radiophosphorus found in different 
organs expressed in per cent of the administered dose present per gram of wet 
tissue. There was onl}*- slightly more P®- in the bone and liver of the leukemic 
mice than in the corresponding organs of the normal animals. However, the 
lymph nodes and spleens of the leukemic animals took up from two to three 
times as much P®® as did these organs in the normal mice. This was interpreted 
as being due to the rapid laying down of new tissue as well as to the increased 
metabolic activity of the leukemic cells. 

The distribution of radioactive phosphorus in the acid-soluble, phospholipid, 
and nucleoprotein fractions of tissues of normal and leukemic white mice has 
been studied bj*- Tuttle and his associates.®’ A single dose of P®® was given 
intraperitoneally to each of a large group of normal and leukemic animals. The 
tissues were removed at varying inteiwals thereafter, the different organic phos- 
phorus fractions were extracted, and the P®® content of each fraction was de- 
termined. In Fig. 3 is shorvn the distribution of the P®® in these different frac- 
tions. The nucleoprotein fraction of lymph nodes, spleen, and tumor tissue from 
the leukemic mice contained much more radiophosphorus than did the nucleo- 
protein fractions of corresponding organs in the normal animals. Thus, phos- 
phorus (including radioactive phosphorus, if available) is taken up from the 
blood stream and used in the synthesis of nucleoproteins at a much more rapid 
rate by the leukemic cells than by cells in the corresponding nonnal tissues. 

Marshak®®*®® devised a technique for the separation of cell nuclei from 
cytoplasm and then employed this method to study the relative uptake of in- 
organic radioactive phosphorus in the nuclei and in the cytoplasm of normal 
and malignant cells (lymphoma, sarcoma ISO, and carcinoma 256). He found 
that the nuclei of the malignant cells accumulated more of the labeled phos- 
phorus than did those of nonnal cells. Furthermore, the relative proportion of 
the administered phosphorus in the nuclei as compared to that in the cytoplasm 
was much greater in the malignant than in the normal cells. 

distribution of radiophosphorus in the blood of patients has also been 
followed. In leukemia, Tuttle, Scott, and Lawrence®® observed a rapid uptake 
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of the isotope by both red and white blood cells during the first twenty-four 
hours after administration. Within forty-eight hours, however, the concentra- 
tion in eiythrocytes began to decrease sharply, while that in the leucoc^es con- 
tinued to increase for an additional two to three days. At the end of nine days, 
the concentration per 100 cubic centimeters of white blood cells was between four 
and five times as great as in 100 cubic centimeters of erythrocytes. A de- 
termination made on the blood of one patient on the fifty-third day showed that 
this same ratio still held. It is of interest that phosphorus was present in the 
leucocytes during the first forty-eight hours largely in acid-soluble form. After 
that there was a gradual decrease in acid-soluble radioactive phosphorus to- 
gether with a concomitant increase in the radioactivity of phospholipid and nu- 
cleoprotein fractions.^" The concentration of reached in both white and red 
cells was higher following intravenous than following oral administration. Rela- 
tively greater concentrations of P^’ occurred in the nuclei than in the cytoplasm 
of myeloid leukemic cells, but no differences were- noted in the nuclei and cyto- 
plasm of lymphoid leukemic cells. "When large amounts of stable phosphorus 
(p3i) accompanied the administration, the concentration of P’^ which occurred 
in cells was decreased. From a practical point of view, therefore, the P^® given 
therapeutically should be accompanied by the smallest possible amount of P^^, 
Marrow was found to retain radiophosphorus in higher concentrations than blood. 
These observations apply largely to leukemic cells. Retention of radioactive 
phosphorus by red blood cells of normal individuals and of patients with poly- 
cythemia vera may be greater than that of leucocytes during the first twenty- 
four to forty-eight hours; Portly thereafter the ratio becomes inverted because 
of a decrease in the red cell fraction.'* This decrease is apparently caused by a 
reduction in the radioacti'vity of the acid-soluble and nucleoprotein fractions; 
meanwhile, the P^^ in the phospholipid fraction may actually increase slightly. 

The distribution of radioactive phosphorus in the tissues of patients who 
had been treated with P^^ has been studied by several groups of investigators. 
Leukemic patients who had received radiophosphorus shortly before death usu- 
ally showed greatest concentrations of P®^ in the bone marrow, lymph nodes, 
spleen, and liver.®- These findings were similar to those pre-viously de- 
scribed for leukemic mice. Those patients, however, who had been given radio- 
active phosphorus many days before death frequently had the greatest concen- 
trations of P^* in bone. It appears, therefore, that the isotope is first utilized by 
thc more rapidly metabolizing tissues or those most frequently infiltrated %vith 
leukemic cells and that later it finds its way to bone. In lymphosarcoma, a 
selective uptake of P^® by lymph nodes has usually been observed,®- ®- but in 
one patient studied by Erf and Lawrence®' the mesenteric lymph nodes con- 
tained a smaller concentration than did many of the other tissues. In Hodg- 
kin’s disease, the findings have been variable and have apparently depended 
to some degree on the amount of fibrosis in lymph nodes. If the fibrotic change 
was advanced, small amounts of radioactimty were present in the nodes; if not, 
the IjTnph tissue contained concentrations comparable to those in rapidly 
metabolizing organs like liver and kidney.” Similar data have also been ac- 
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Distribution of radiophosphorus in the tissues of normal and leukemic mice, 
with permission of Dr. John Lawrence, from J. Clin. Investigation 19: 267, 
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Fig. 3. — Phospliorus mctnboUsm in neoplasms. The comparative uptake of labeled 
phosphorus in normal and leukemic mice. (Eeprinted, -n^ith permission of authors, from 
J. Clin, Investigation 20; S7, 1941.) 
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Table 1. EADioACTrviTr of Tissues Obtained at Autops 


total time since 


TOTAL DURATION hAST 

dose op INJECTION 

TIBNTa treatment OP P32 

(WE.) (DAYS) 


BONE 

MAKROTV 


BONE UVEK 


Myelogenmis leiikemia 


5 

19.703 

74 

10 

69.863 

26 

13 

44.957 

52 

14 

44.236 

58 

19 

18.317 

22 

20 

4.532 

1 

21 

13.956 

11 

23 

21.558 

50 

24 

19.518 

31 

25 

3.470 


Lymphatic leukemia 


3 

31.440 

147 

17 

8.446 

5 

19 

23.649 

31 

23 

9.364 

7 

Leucosarcoma 


2 

25.800 

26 

4 

35.619 

103 

5 

4.530 

3 

7 

13.205 

70 

9 

17.256 

29 

11 

10.088 

4 

12 

6.858 

4 

15 

9.560 

6 

Monocytic leukemia 


4 

5.210 

0 

6 

4.964 

1 

7 

4.504 

% 

Betioulum cell sarcoma 

2 

15.081 

IS 

Hodgkin’s disease 


1 

11.993 

31 

Multiple myeloma 


3 

8.660 

7 

4 

5.002 

2 

5 

10.908 

16 

Melanosarcoma 


1 

7.748 

4 


6 

.064 

(1) 

60 

.0232 


1 

.294 

U) 

7 

.144 

(1) 

12 

.0473 

(1) 

3 ■ 

.263 

(1) 

26 

.0295 

(1) 

10 

.0995 

(1) 

33 

.00527 

(1) 

1 

.1180 

(1) 

14 

.00905 

(2) 

5 

.034 

(5) 

21 

.0437 

(3) 

1 

.0984 

(4) 

8 

.0297 

( 4 ) 

5 

.0578 

W 

4 

.0366 

(3) 

1 

.145 

(1) 

8 

.103 

( 4 ) 

2 

.310 

( 3 ) 

3 

.0504 

( 4 ) 

7 

.0520 

( 3 ) 

2 

.120 

.0915 

[?i 

4 

.0620 

(2) 

1 

.090 

(2) 

10 

.0190 

(4) 

24 

- 


1 

.1688 

(4) 

4 



61 

.00268 (1) 

5 

.138 

(1) 


_ 

.043 

(4) 

- 

.0218 

( 3 ) 

.161 

.218 

f3) 

.067 

.00825 

.132 

.0470 

f) 


.088 

(2) 

.0067 

.0274 

(2) 

_ 

.0267 

(2) 

.00393 

.00463 

(2) 

.0523 

.0857 

(2) 


.0103 


.049 

.101 

(1) 

- 

.0535 

(2) 

.0332 

.173 

(1) 


.0486 

(2) 

.0554 

.0315 


- 

.0982 

U) 

.0025 

.1097 

(2) 

,165 

.203 

(1) 

.374 

.0126 

.375 

.0827 

Si! 

- 

.0570 

(1) 

.010 

.124 

(1) 

- 

.083 

(3) 

- 

.0535 

(3) 

- 

.104 

(1) 

- 

.0501 

(1) 


.0444 

.3442 

(1) 

- 

.1020 

(1) 

- 

.00109 

(3) 

- 

.0840 

( 3 ) 


SPIXEX 


.032 ( 
.0148 ( 
.232 I 
.128 ( 
.0279 I 
.081 I 
.0170 I 
.0236 I 
.00353 I 
.0650 I 

.00624 

.071 

lost 

,152 


,0504 

,0525 

.0534 

.0664 

.180 

.350 

,0636 

.0443 

.102 

.086 

.0640 

.0727 


.0422 

.008 

.1949 

.0660 

,00119 

.0794 


•Each patient is iaentined by the same number in this table and in all tables summarizing- Oats 
each disease. 


cumulated for patients witli neuroblastoma, seminoma, melanoma, Ewing’s sar- 
coma, fibrosarcoma, osteogenic sarcoma, and carcinoma of the breast.®' The 
radiophosphorus was preferentially retained by the tumor or tumor-infiltrated 
tissue in one case of seminoma, one of melanoma, and in five of osteogenic sar- 
coma; in one ease each of Ewing’s sarcoma and of neuroblastoma, it was retained 
as well by the tumor as by liver and kidney; the primary tumor in six patients 
with carcinoma of the breast concentrated the radioactivity less well than did 
either normal or metastatic l3nnph nodes in the same patient. While there are 
these and unquestionably other exceptions, leukemic and neoplastic tissues in 
general preferentially concentrate radioactive phosphorus. This tendency, how- 
ever, is apparently not great enough to make radioactive phosphorus a thor- 
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ressed in Microccries Per Gram of Wet Tissue) 


DNET 

MUSCLE 

LYMPH 

BRAIN 

LUKG 

OTHER 






OKGA-N s 



(3) 

.023 

(6) 


(5) 

.0079 

(6) 


(4) 

.098 

(5) 


(3) 

.032 

(5) 


(3) 

.0216 

(6) 


(0) 

.020 

(6) 


(6) 

.0178 

(4) 


(4) 

.00995 

( 5 ) 

5 

(4) 

.00237 

(5) 


(4) 

.0308 

(5) 


(4) 

.00482 

(6) 


(3) 

.043 

(4) 


(4) 

.0270 

(4) 

) 

(o) 

.0447 

(6) 


(3) 

.0249 

( 5 ) 


(4) 

.0141 

(6) 



.0237 

(4) 

i 

.039 

(5) 


(3) 

.091 

(5) 



.0856 

(6) 

i 

(2) 

.0400 

(6) 

i 

( 5 ) 

.0190 

(6) 

5 

(5) 

9-1 

.043 

.0392 

fe! 

2 

(o) 

, .0263 

(6) 

{ 

(3) 

.0426 

(5) 

7 

(3) 

.0077 

(5) 

0 

(3) 

.0656 

(5) 

0 

(3) 



75-i 

(4) 

.000745 

(5) 

7 

(5) 

.0194 

(G) 


.049 


.063 


.0547 

.135 


.180 


.116 


(2) 


(1) 

.021 

(5) 


(4) 


(3) 

.0025 

.0021 

(3) 

.00362 

(1) 


(3) 

.0184 


.0120 

(5) 


(3) 

.0120 


.050 

(5) 


(5) 


(2) 


(3) 


(5) 


(4) 



.040 (Blood) 
.0059 (Blood) 


.0665 


.055 


.0207 (Intestine) 


.01875 


.0864 (Blood) 
.01625 (Blood) 


.103 (Blood) 


.0211 


.000006 


.0603 (Tumor mass) 


.0087 


.1087 (Tumor) 
.0310 (Intestine) 


.0966 (2) 


.0615 


.114 (Tumor) 


ou^ilj ^tisfacto^ therapeutic agent. Enough of the material is deposited in 
nomial tissues and cells to limit the total dose vrhich can be given witLut toxic 
manifestations. Even in leukemia, enough cannot be given to destrov aU 
S'ents.- " destrojing eiythroid and megakai^-oej-tic 

The distribution of radioactive phosphorus in various organs at the time 
of death ivas determined in thirty-tivo of the fifty-three patients in our series 
jWio ^^ examined at autops,-. The results of these deteLinatfon: aTsho::^ 
Table 1. Approximately 1 gram samples of the fresh tissues removed at 
autopsy were weighed on an analytical balance. Each samnle wnc tl 
fcrred to a ICjcldahl flask and digested nrith eonecnlrated sulfuric aciranTsO 
per cent hydrogen perorfde. The clear digest teas diluted noth dMW ” a.er 
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to a volume of 50 cubic centimeters and various aliquots of this solution were 
measured into the glass well of a plunger or dipping tjqje Geiger counter (Bale 
tube) until a dilution was found which gave approximately the same number of 
counts per minute as did a standard radioactive phosphorus solution of kno-wn 
activity. From this determination the radioactivity in microcuries per gram of 
wet tissue was calculated. Some of these patients had received frequent injec- 
tions of up to within a few days of the time of death, whereas some had not 
received any therapy for several weelis. If the interval between the last injec- 
tion of radioactive phosphorus and death wms greater than nine weeks, the tis- 
sues were not assayed for radioactivity. 

In Table 1, the figure in parentheses to the right of the activity in micro- 
curies represents the relative activity of various tissues. In determining these 
relative activities, only six tissues were considered: bone marrow, liver, spleen, 
kidney, muscle, and lymph node. The rating (1) indicates greatest activitj', 
whereas the rating (6) indicates least activity. 

■ In nine of the ten cases of myelogenous leukemia studied, the bone marrow 
had a greater activity than any other organ assayed, wliile in only one instance 
did a lymph node have the greatest activity. In contrast to this, in chronic 
lymphatic leukemia, the liver, spleen, and lymph nodes had greater activity 
than the bone marrow in most cases. In every case of chronic Ijunphatic leu- 
kemia the bone mairoAV had a lower activity than the liver. In the eight cases 
of leucosarcoma, the figures are more variable, but here again the liver and 
spleen tended to have somewhat greater activity than the bone marrow. 
Curiously enough, in every instance except one where a Ijunph node was assayed, 
the activity of the lymph node was less than that of bone marrow, liver, spleen 
or kidney. This was probably due to the fact that none of these patients at the 
time of death had significantly enlarged Ij-mph nodes, and it was frequently 
difficult to find a gram of lymph node free from fat and connneetive tissue. 
Assays of the tissues from four patients with monocytic leukemia also gave 
variable results. The liver showed the greatest activity in two cases, the spleen 
in one, and the bone marrow in one. The one case of reticuliun cell sarcoma 
studied showed more activity in the sarcomatous lymph nodes than in any other 
organ assayed. However, in the tissues of one patient with melanosarcoma, there 
was greater activity in the bone marrow than in the tumor. 

The relative distribution of radioactive phosphorus among the different or- 
gans of the body depended, therefore, upon the type of neoplasm or leukemia and 
the degree of infiltration of any particular organ with abnormal cells. For ex- 
ample, at autopsy one patient with leucosarcoma showed considerable infiltration 
of the lungs with leukemic cells. On both gross and microscopic examination 
this infiltration was more marked at the left apex than at the left base. Assay 
of a portion of tissue from the left apex revealed an activity of 0.019 micro- 
curies per gram of wet tissue, whereas tissue from the left base had an activity 
of only 0.015 microcuries per gram of wet tissue. 

The distribution of radioactive phosphorus in the various tissues of patients 
with lymphatic leukemia indicates a somewhat less favorable differential uptake 
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of the radioactive material by the lymph nodes, spleen, and liver than ivas the 
case with the leukemic mice studied by Lawrence and his associates.*® This may 
be due to the fact that our patients had received radioactive phosphorus for 
prolonged periods of time, whereas the mice were given a dose of P®* and the 
distribution in various tissues at 20, 40, 60, 80, and 100 hours was determined. 
The administration of P®* over longer periods of time may favor the accumula- 
tion of the material by those tissues which have a slower rate of phosphorus turn- 
over. 

D. Absorption and Excretion of Radioactive Phosphorus . — ^Absorption of 
P** from the gastrointestinal tract of animals and of man has been studied by 
Chiewitz and Hevesy,*®’*® Hevesy and associates,®® Lawrence and co-workers,* 
Erf and associates,®' ** and Cohn and Greenberg.®* From 15 to 50 per cent of 
orally administered radioactive phosphorus is excreted in the urine and feces 
both in normal individuals and in patients with leukemia during the first four 
to six days. Most of this amount is lost in the stool and represents unabsorbed 
rather than excreted material. Absorption, however, is good enough so that 
radioactive phosphorus can be given therapeutically by mouth ; this route of ad- 
ministration has been used in several studies. It has become the practice of most 
workers who give P** orally to assume that 75 per cent of any given dose is ab- 
sorbed. 

When radioactive phosphorus is injected intravenously into patients with 
leukemia, from 5 to 25 per cent of the isotope is excreted, mostly in the urine, 
during the first four to six days.** Similar amounts are excreted by patients with 
polycythemia vera, but normal subjects regularly lose from 25 to 50 per cent 
within the same time period. After these first few days, the rate of excretion 
decreases in aU subjects to less than 1 per cent of the injected dose per day. Erf 
and Lawrence suggest that the greater retention of intravenously administered 
P** by patients with leukemia and polycythemia vera occurs because the isotope 
is more quickly fixed in the pathologic tissues and cells. 

E. Summary . — Kadioactive phosphorus emits beta-rays (electrons) which 
are capable of penetrating tissue to a depth of 0.7 cm. It differs from ordinary 
stable phosphorus only in that it is radioactive; its physiologic effects and its 
chemical properties are otherwise the same as those of the parent substance. 
Since this is so, however, relatively high concentrations of P** in tissues and 
cells can be reached only if the amount of stable phosphorus given along with 
the isotope is kept at a minimum. The 14.3 day half-life of radioactive phos- 
phorus permits steady irradiation of tissue for several wefeks, yet is short enough 
so that radiation effects can be controlled. 

Those tissues which have a high phosphorus eontent and which metabolize 
phosphorus rapidly selectively take up larger concentrations of radioactive phos- 
phorus than do normal tissues. Since the radioactive isotope is built into nucleo- 
protein just as is ordinary P**, those cells which are multiplying at the fastest 
rate use proportionately more of the P** than do ceUs which are bcinu pro- 
duced more slowly. As a result, relatively higli concentrations of radioa'ctivity 
arc reached in those organs principally involved in polycythemia vera, the leu- 
kemias, and the Ijmphomas. This preferential uptake, liowever. is not so 'neat 
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that damage to normal tissues is avoided. In leukemia, for instance, one cannot 
give enough radioactive phosphorus to destroy all leukemic cells without also 
destroying erythroid and megakaryocytic elements. 

Wlien radioactive phosphorus is given by mouth, roughly 75 per cent is 
absorbed. After intravenous injection into patients, from 5 to 25 per cent is 
excreted within the first four to six days. The rate of excretion thereafter falls 
to less than 1 per cent per day. 

III. POLYCYTHEMIA VERA 

A. Seview of the Literature . — There are seven papers^, ■*. lo, is, lo in the literature 
which desreibe the clinical results obtained in the therapy of polycythemia vera vdth radioactive 
phosphorus. These papers are based on a study of forty-eight patients; for nineteen of those 
subjects specilic clinical details are given either graphically or in case reports. 

The first report was that of Lamences in 1940, who recorded data on two patients. 
The first of these was a 42-year-old woman, previously treated with phenylhydrazine, who had 
an erythrocyte level of 8,900,000 cells per cubic millimeter on the day treatment with radio- 
active phosphorus was started. She was given orally 5.3 millicuries of and seventeen days 
later a second oral dose of 7.0 millicuries was given. The first significant drop in the erythro- 
cyte level occurred exactly one month after the first treatment; three months after the first 
dose the erythrocyte count was down to 4,800,000 cells per cubic millimeter. The patient 
was greatly improved symptomatically. The second patient was a 59-year-old woman who had 
previously been treated by repeated phlebotomies; as a result, the erythrocyte count was only 
5,900,000 cells per cubic millimeter at the time therapy was started. The first dose con- 
sisted of 5.2 millicuries of radioactive phosphorus, and the second dose, given twenty-four 
days later, of 7.9 millicuries. Both doses ivere apparently given orally, although this was 
not definitely stated. Following this therapy, the erythrocyte count first rose, due, presumably, 
to the discontinuance of phlebotomies, and it was not until two months after the first treatment 
that tlie erythrocyte count dropped below the original level. Three months after the first treat- 
ment, the red blood cell count was down to 4,000,900 cells per cubic millimeter. These first 
two reported cases are summarized in some detail because the results obtained in them parallel 
closely those observed in all subsequent studies. 

Fitz-Hugh and Hodesio reported having treated eight patients with polycythemia vera, 
but no specific data regarding the dosage of radioactive phosphorus employed or the 
hematologic response obtained were given. The authors state that four of the eight patients 
were markedly improved both clinically and hcmatologically, one was unimproved, one was 
only slightly improved, and two had not been studied long enough to judge the effect. Two 
patients began to show hematologic relapse six and nine months, respectively, after the begin- 
ning of therapy. The authors further state that improvement may begin within two weeks of 
treatment, but full hematologic effect is rarely obtained until two to three months after therapy 
has been started. 

Low-Beer, Lawrence,' and Stoneic mention that they have used Pac in the treatment of 
polycythemia vera for two and one-half years: fourteen patients were treated for a sufficient 
period of time to permit evaluation of the results. Data are given in this paper for only one 
patient, but the fourteen presumably include the two described in 1940 and the sue for whom 
figures were recorded in a second report from the same laboratory.4 The method of treatment 
was to give an initial dose of from 5.0 to 7.0 millicuries and to repeat it three to four 
weeks later. In those patients with simultaneous involvement of the leucopoietic system, an 
initial dose of from 4.0 to 5.0 millicuries was followed by biweekly additional amounts to 
keep up the initial level over a period of from three to five weeks. The total amount adminis- 
tered to six of the patients during the first seven to fifteen months of treatment varied from 
12.3 to 48.8 millicuries; most of this was given by mouth.4 The first signs of a satisfactory 
response were usually observed from six to eight weeks after treatment was started. Complete 
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or partial remissions were obtained in eleven of these fourteen patients, the remissions lasting 
from several months to two years. 

Erf and Jonesn gave detailed data on eleven patients with polycythemia vera treated 
with radioactive phosphorus. The polycythemia was probably secondary rather than primary 
in one of these patients. The material was injected intravenously; dosages varied largely 
because the authors were unable to obtain the isotope at regular or specified intervals of time, 
and no specific planned regime was followed. Prom 1.55 to 11.5 nullicuries of radiophosphorns 
were given during the initial period of therapy, which ranged from 11 to 117 days. Additional 
amounts were administered parenterally to two of the patients after intervals of from eight to 
fourteen months. Gratifying clinical improvement occurred in the ten subjects with true 
polycythemia vera, but one of these died suddenly following a large gastric hemorrhage twelve 
weehs after initiation of therapy. A transient anemia (3.4 to 4.0 million cells) developed 
in sis of the patient's. It is not possible to draw conclusions about the length of remission 
induced by therapy since only three subjects had been followed for more than one year at 
the time of publication and five had been observed for four months or less. 

IVarrenrs treated three patients, two of whom were benefited. Data were recorded 
for only one patient, a 44-year-old woman with an initial erythrocyte count of 8,680,000 cells 
per cubic millimeter. She was given 3.0 nullicuries of radioactive phosphorus intravenously, 
a second injection forty-six days later of 1.94 millicuries, and a third injection of 1.2 
nullicuries seventy-six days after the second injection. Seven months after the first treatment 
the red blood cell count was 4,520,000 and she was symptom-free. This complete remission 
lasted eleven months, after wliich interval she was given a fourth injection of 1.24 millicuries 
of p32. Three years after the first course of therapy she still felt well. 

Hall, Watkins, Hargraves, and Gifiinrc reported treating twelve patients with poly- 
cythemia vera. A satisfactory remission was observed in eight of these patients with complete 
relief of symptoms attributable to the polycythemia. The total dosage for a single course of 
therapy in these eight patients varied from 2.68 miUicuries to 14.00 miUicuries given in from 
one to three injections. The average dosage per course of treatment for these eight patients 
was 7.79 millicuries. The authors believe that the unsatisfactory therapeutic results obtained 
in the remaining four patients were due to inadequate dosage, even though from 6 to 14 
millicuries were given in each instance. Even so, partial clinical improvement was noted in 
two of these individuals. Five of the twelve patients developed an anemia (3.4 to 4.0 million 
cells per cubic millimeter, from two to twenty-five months after the start of therapy; leuco- 
penia (2,200 to 4,300 cells) also occurred in five subjects and thrombocytopenia (29,000 to 
80,000 platelets per cubic millimeter) in four. Of particular interest is the fact that one 
patient, after a satisfactory remission of thirteen months’ duration, died with the blood 
changes of acute leucopenic myelogenous leukemia. 

From the foregoing summary of the literature, it is apparent that there is substantial 
agreement that excellent clinical and hematologic remissions can be obtained in the majoritv 
of patients having polycythemia vera by therapy with radioactive phosphorus. Very few of 
the reported cases, however, had been followed for a sufficiently long period of time to permit 
evaluation of the duration of remissions induced in this manner. Another feature which re- 
quires clarification is the proper dosage and method of administration, concerning wliich there 
is considerable diversity of opinion in published reports. 

B. Analysis of liesuUs Obtained in Treating Thirty Patients With Poly- 
cythemia Vera.— During the last four years, thirty patients with polycythemia 
vera have been treated with radioactive phosphorus in the ilallinckrodt Insti- 
tute of Radiology. In addition to the routine blood and bone marrow studies, 
the following laboratory data were obtained on these patients: (1) x-ray of 
chest, (2) electrocardiogram, (3) circulation time, (4) basal metabolic rate,’and 
(5) blood volume using Evans blue dye according to the method of Gibson and 
Evans,” as modified for use with the photoelectric colorimeter.” In those 
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Table 2. Hematologic Data on Thirty Patients 


PATIENT 

AGE AND SEX 

TOTAL 

radioactive 

rHOSPIIORUS FOR 
EACH COURSE OP 
TREATMENT 
(MO.) 

DURATION 

OP COURSE OP 
THERAPY 
(DAYS) 

TIME FROM FIRST 
TREATMENT TO 
INITIAL DROP IN 
R.B.C. LEVEL 
(DAYS) 

R.B.C. COUNT AT 
TIME THERAH 
WAS BEGUN 
(AIILLIONS m 
C.JIM.) 

r 

37, F 

7.03 

34 


8.59 

2 

53', F 

5.24 

69 


7.33 


16.88 

429 


6.66 

3 

45, M 

7.41 

1.80 

2.56 

112 

1 

1 


6.34» 

6.35 

6.45 

4 

60, F 

5.74b 

2 

30 

7.83 

5 

42^ M 

5.74 

60 

88 

9.00 

6 

3S', M 

8.44 

70 

41 

6.65 

7 

56, F 

13.25 

75 

33 

7.00» 

8 

65' F 

5.66 

29 

40 

8.11 

9 

44, M 

6.71 

92 

60 

7.91 

10 

38, F 

10.50 

49 

61 

7.15“ 

11 

50, F 

4.90 

43 

28 

7.91“ 



2.53 

32 

28 

5.75 

12 

23, F 

7.78 

139 

30 

7.56 

13 

47, F 

6.92 

120 

47 

6.47“ 

14 

57, M 

5.01 

87 

60 

8.01 



3.62 

50 

112 

0.80 

15 

66, F 

5.17 

2 

48 

7.57 

1C 

59, M 

4.07 

1 

58 

7.98 

17 

5c; M 

4.03 

1 

41 

0.02® 


3.00 1 

21 

30 

6.38 

18 

63, M 

4.14 

44 

83 

5.78* 



3.58 

40 

92 

5.87 

19 

56, F 

7.72 

286 

-- 

5.88“ 

20 

28, M 

3.04 

1 

29 

8.50* 

21 

65, M 

9.36 

338 

C 

5.75“ 

22 

59, M 

3.78 

44 

44 

7.65 

23 

49, M 

4.79 

65 

C 

6.16“ 

24 

61, M 

3.96 

1 

__ 

8.18“ 

25 

66, M 

3.54 

1 

42 

7.08 

26 

51, F 

4.69 

32 

44 

9.04 

27 

32, M 

4.03 

1 

27 

6.59“ 

28 

63, M 

3.50 

1 


8.15“ 

29 

33, M 

3.44 

1 

21 

7.09“ 

30 

1 '39, M 

3.63 

1 

— 

5.33“ 


itf 


•Patient treated by phlebotomies or pbenylhydrazine up to the time P” therapy tras begun, 
probable that there -svas greater erythroid activity than was suggested by the red blood cell count 
*>7.66 millicuries given orally which is equivalent to 5.74 mllllcurles Intravenously (assuming 75 
cent absorption from the gastrointestinal tract). 


cases in which, after evaluation of all the above tests, there was still some doubt 
as to whether the patient had polycythemia vera or secondary polycythemia, 
arterial oxygen saturation was determined by the method of Van Slyke and 
Neill, as described in Peter and Van Slyke ’s Quantitative Clinical Chemistry 
Methods.*^ It is felt that the diagnosis of polycythemia vera was conclusively 
established in every patient included in this series. 

1. Effect of Therapy on the Cellular Elements of the Blood: Hematologic 
data on these patients are summarized in Table 2. A study of the figures in 
column 3 reveals that our patients were given smaller doses of P^- than have 
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-CTTHEitiA Vera Treated With Eadioactive Phosphoeds 


rEST E.B.C. 
COUKT 
lOJOXS PEE 
C.MII.) 

PLATELET 
COUXT AT 
nJIE THEKAPV 
WAS BEGUN 
(PEP. C.HJI.) 

LOWEST 
FLATEIATT 
COUNT AFTER 

therapy 

(PER C.Hir.) 

W.B.C. COUNT 

AT TIME THER- 
APY WAS 
BEGUN 
(per C.iTlI.) 

LOWEST W.B.C. 
COUNT AFTER 
THERAPY 
(PEE c.irsr.) 

duration of he jiatolo- 
Gic PHjnssioN (from; 
time e.b.c. count fell 
BELOW 5.5 11. UNTIL IT 
again rose 

above 6.0 IT.) OR INTEE- 
VAL BETWEEN COURSES OF 

treatment (mo.) 

3.29 

2,490,000 

358,000 



26 v 

4.77 

264,000 

230,000 



3d 

4.81 

839,000 

517,000 


17,300 

10 

4.59 

3,685,000 

258,000 


3,950 

5.16 

940,000 

345,000 



9 

5.59 

1,490,000 

640,000 



2f 

5.35 

2)036 j 000 

29,000 



304- 

3.19 

1,010,000 

191,000 


2,500 

214 - 

i .75 

458,000 

454,000 


3,200 

(No further follow-up) 

3.37 

2,080,000 

287,000 



334- 

2.97 

1,233,000 

107,000 

11,100 

1,200 

25 

4.77 

1,266,000 

626,000 



6f 

3.27 

2,016,000 

250,000 



324- 

4.34 

1,818,000 

164,000 

11,600 


19 

4.30 

1,250,000 

469,000 

10,300 


24- 

4.99 

2,600,000 

744,000 


5,450 

11 

3.60 

3,300,000 

476,000 


7,150 

154- 

5.12 

820,000 

364,000 



5 

4.46 

490,000 

392,000 



9 -r 

3.50 

1,582,000 

153,000 


950 

154- 

4.47 

1,607,000 

191,000 

10,400 


154- 

4.46 

1,250,000 

• 260,000 



8 

3.84 

376,000 

182,000 

5,350 


94- 

3.54 

1,543,000 

724,000 


5,250 

10 

5.09 

740,000 

— — 

11,850 


34- 

3. S 5 

2,610,000 

964,000 

6,700 

5,200 

24- 

3.70 

1,802,000 

343,000 

12,250 

7,600 

124- 

3.18 

1,502,000 

884,000 

11,250 

6,700 

14- 

3.95 ' 


274,000 

7,100 

3,950 

7 -r 

4.92 

1,438,000 

357,000 

16,200 

7,600 


5.15 

2,160,000 

1,590,000 

14,200 

7,800 

14- 

4.21 

553,000 

106,000 

10,550 

4,700 

5 

4.45 

1,503,000 

241,000 

10,650 

1,970 

24- 

4.65 

1,931,000 

715,000 

9,250 

6,300 

2- t - 

5.09 

689,000 

395,000 

9,450 

3,930 

14- 

G .60 

790,000 

482,000 

15,650 

7,750 

14- 

4.72 

5,080,000 

— 

20,530 

8,400 



*i^mebotomies vrere done in addition to giving patient therapy. No more than four phlebotomies 
e aone In any patient, and these svere all done Tyithin the first 1-2 weeks of therapy. 


^ ^Several months later the patient developed progressive anemia and leucocrtosis. Died seven months 


been advocated in other clinics (see footnote, page 110). In spite of this, the 
erjdhrocj’te count after therapy fell below 4,000,000 cells per cubic millimeter 
in eleven of the thirty patients. In most of the other reports in the literature, 
the patients had not been followed for as long a period of time, or the data pre- 
sented were insufficient to determine whether or not the patients were over- 
treated. However, as has already been emphasized, similar transient anemias 
were noted in patients treated by Erf and Jones'* and by Hall and co-workere.'' 

The figures in column 5 reveal that in our cases the erythrocyte level did 
not begin to fall until three to six weeks after the initial injection wjis given. The 
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Fig. 4. — Polyej'tliemia vcra. Eesponsc to therapy with P^z. 
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Case Summary. — F., a houseivife, 37 years of age, had had frequent dull headaches, 
often accompanied by dizzy spells, since 1935. She also complained of deep aching pains m 
the thighs and legs. Itching of the skin was severe at night and after bathing. During 1942 
the headaches and dizziness increased in frequency and severity, and she began to tire easily. 
She had been “nervous” for many years. 

Physical Picaminaiion (Feb. 11, 1943) ; Complexion was ruddy and there was marked 
cyanosis. The conjunctivae were injected. The heart and lungs were normal, and the blood 
pressure was 140/90. The spleen extended 6 cm. below the costal margin. 

Laboratory Data: Blood counts (Feb. 11, 1943): erythrocytes, 9,300,000; hemoglobin, 
21.S grams; leucocytes, 16,850; reticulocytes, 2.8 per cent; platelets, 2,460,000; differential, 
normal. The total blood volume was 11,080 c,c. (173 c.c. per kilogram of body weight). 
Urinalysis, negative. The Kahn reaction was negative. The venous pressure and circulation 
time were normal. An electrocardiogram was normal except for left axis deviation. X-ray 
films of the chest and of the skull revealed no significant abnormalities. 

Course: About a month after Psc therapy was started the patient began to feel better. 
This symptomatic improvement continued and witliin a few montlis she had no complaints ex- 
cept an occasional mild headache, rare episodes of pruritus, and spells of weakness and dizzi- 
ness just before the menstrual periods. She continued to feel well until about September, 

(Continued on opposite page,) 
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interval was muck longer than this in some cases, but these were patients who 
received a relatively small initial dose or else lived so far from St. Louis that 
they could be followed only at infrequent intervals. 

Erf’s explanation^* for this long latent period between the first injection 
of and the first significant fall in the erythrocyte level certainly seems 
reasonable. He suggested that since human red blood cells apparently circulate 
for from 90 to 120 days, the effect on the total count of a slower rate of red ceK 
delivery from the marrow would not become apparent for several weeks. This 
delayed fall in the erj'throcyte level has several obvious practical disadvantages. 
If a patient’s symptoms are severe, or the hematocrit value so high that some 
complication such as cerebral thrombosis or myocardial infarction is feared, it 
may not be possible or wise to wait for the full effect of to become evident. 
These circumstances were encountered in three of our thirty patients, and on 
them phlebotomies were done ; 500 cubic centimeters of blood were removed per 
day and no subject was bled more than four times. It is probable that this 
procedure would have been used more frequently during the first two weeks of 

therapy if a determined effort had not been made to keep treatment as xm- 
complicated as possible. 

As has been pointed out in preiious publications,^®’ ” therapy with as 
ordinarily employed in the treatment of polycythemia vera not only affects the 
erythrocyte level, but also has a profound effect on the platelet and leucocyte 
counts. The average platelet count of our polycythemic patients was 1,760,000 
per cubic millimeter before therapy; this fell to an average minimum of 367,000 
per cubic millimeter after the first course of treatment. In only one instance did 
the platelets fall below 50,000 per cubic millimeter. The average leucocyte count 
before treatment was 13,250 per cubic millimeter; after the first course of treat- 
ment, the average minimnm count was 4,400 per cubic millimeter, but values as 
low as 950 were observed. In most cases in which a severe thrombocytopenia or 
leueopenia developed, this phase lasted only a few weeks. However, in general, 
the platelet and leucocyTe levels have not returned to their, original high values. 

That the response to therapy varied greatly iu different patients is apparent 
from Table 2. Patient 8 received 5.66 miUicnries of P^^* and the erythrocyte 
count dropped from 8,110,000 to 2,970,000 cells per cubic millimeter, whereas 
Patient 9 received 6.71 miUicnries and the erythrocyte level dropped only from 
7,910,000 to 4,770,000 cells per cubic millimeter. There are many other equally 
strildng discrepancies in the hematologic response observed in different patients 
to a given dosage. Consequently, therapy must he individualized to a high 
degree, and it is impossible to predict in advance how much therapy any given 
patient will require. 

m3, when she began to have severe hot fla.shes and increasing nervousness. Considerable 
illness among members of her family, the death of her father, domestic difScultie», and the 
fact that the patient wa.s working as a clerk in a store, in addition to taking cate of her home 
fended to aggravate her symptoms. In general, daring the following two years ^he felt con- 
siderably better than sbe bad felt prior to Pw therapy. However, she continned to have hot 
flashes, nervousness, fatigability, and numerous minor complaints, all of which were thought 
to bo on cJUicr a menopau.ral or p.srchogenic basis. Sfilbcsfrol relieved some of the=c cL- 
plamts temporarily. 
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Case Summary. — ^R. S., a widow, 05 years of ago, suddenly developed numbness in the 
left hand in January, 1940; within a week this had progressed and invoh'ed the whole arm. 
Shortly therafter she began to have precordial acliing pains, and occasional aching pain m 
her left shoulder. In January, 1941, she had pain in the left upper quadrant for the first 
time; her physician told her this was due to an enlarged spleen. About July, 1941, she be- 
gan to tire very easily and felt drowsy much of the time. These symptoms persisted with 
little change until May, 1943, when she began to have severe pain in her feet, especially the 
foes, at night. By this time she had difficulty using her left hand because of numbness and 
stiffness. Itching after bathing was intense. Her weight decreased by nineteen pounds in 
two years’ time. 

Physical Examination : Blood pressure was 185/115. The complexion was very ruddy, 
and there was some cyanosis of the lips, lymph nodes were not enlarged. The heart was 
enlarged. The spleen edge measured 18 cm, below the costal margin, and the liver edge 4 cm. 

Laloratory Data: Blood counts (July 14, 1943) : erythrocytes, 8,110,000; hemoglobin, 
22.3 Gm.; leucocytes, 11,100; reticulocytes, 1.8 per cent; platelets, 1,230,000; differential: 
polymorphonuclear neutrophiles, 73 per cent; stabs, 13 per cent; juveniles, 2 per cent; 
basophiles, 1 per cent; lymphocytes, 5 per cent; monocjdes, 0 per cent. The sternal bone 
marrow was extremely hyperplastic; the clumps of marrow were so dense that it was im- 
possible to do an accurate count. Erythroid stimulation was marked, and myeloid cells and 
megakaryocytes were also present in increased numbers. Urinalysis was negative. The 
Kahn reaction was negative. Blood indices, coagulation time, and bleeding time were nor- 

iOontinued on opposite page.) 
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Detailed data for two patients are graphically illustrated in Figs. 4 and 5. 

2. Effect of Therapy on the Clinical Manifestations of Polycythemia Vera: 
The clinical manifestations shown by these thirty patients, both before P"" was 
given and after the maximum benefit from therapy had been obtained, are sum- 
marized in Appendix Table 1. In every case, the patient felt greatly improved, 
at least temporarily, following therapy. However, in only eight patients were 
all symptoms completely relieved. This is probably attributable to the fact that 
many of the patients had disorders such as arteriosclerosis, hypertension, arthri- 
tis, menopausal syndrome, or psychoneurosis which accounted for some of their 
sjTnptoms. Furthermore, the symptoms after therapy in many cases were much 
less troublesome than they formerly had been. In Table 3 are listed the more 
common symptoms of polycythemia and the percentage of our patients in whom 
each symptom was partially or completely relieved. It will be noted that head- 
ache is the only sj-mptom which was not completely relieved in over 50 per cent 
of the patients. Of the 64 per cent of patients who still had headaches after 
therapy, the majority said their headaches had become mild and infrequent, and 
they mentioned them only when specifically questioned. 


Table 3. Thirty Patients With Polycythemia Vera — Eftect or P32 Therapy ok 

Symptoms 



NUMBER OP 
PATIENTS WITH 
SYMPTOM 

% OF PATIENTS 
COMPLETELY 
RELIEVED 

% OF PATIENTS 
P.^RTTALLY 

relieved 

% OP PATIEKTS 
UNIMPROVED 

Fatigability 

20 

65 

30 

5 

Headaches 

22 

36 

64 

0 

Dizziness 

15 

53 

47 

0 

Aching pains in extremities 

14 

57 

36 

7 

Itching 

15 

53 

40 

7 

Blurring of vision 

11 

73 

18 

9 

Burning of eyes and/or lacrimation 5 

100 

0 

0 


In Table 4 are recorded the abnormal physical findings encountered in these 
patients with polycythemia vera and the percentage of patients in whom there 
was a complete or partial disappearance of the abnormality following therapj* 
with radioactive phosphorus. If the spleen was palpable, it was considered to 
be enlarged and is recorded as “splenomegaly”; if, after treatment, the spleen 
was no longer palpable, it is recorded as “abnormal finding completely dis- 
mal. Tho total blood -volume -was 7,780 c.c. The basal metabolic rate -svas 4-15 per cent. An 
electrocardiogram showed right bundle branch block and auricular premature contractions. An 
x-ray of the chest revealed only moderate cardiac enlargement and aortic lengthening. An 
x-ray of the cervical spine revealed extensive osleoarthritic changes. 

Coarse; About six weeks after P 22 therapy was started the patient’s strength began 
to improve and the itching cleared up entirely. The aching pains in the hands, shoulders, and 
over^ the prccordium persisted. Six months later she had no symptoms except the pains 
(which were thought to be due to arthritis), and even these had lessened in intensitr. She 
tired much less easily and was more alert. The spleen had decreased in sire and now measured 
9 cm. below the costal margin; the blood pressure had fallen to between 150/80 and 175/90. 
On Sept. 27, 1915, twenty-six months after the first treatment, she felt well except for aching 
pam in both hands and in the left shoulder. She had gained twenty-seven pounds in weight. 
The spleen measured 4 cm. below the costal margin. 
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Table 4. Thirty Patients With Polycythemia Vera — Changes in Physical Signs 

Following P 32 therapy 



KUMBEH op 
PATIENTS WHO 
HAD ABNORMAD 
PHYSICAL 
SIGN AT onset 
or THERAPY 

% or PATIENTS 
IN WHOM AB- 
NORJIAL FINDING 
COMPLETELY 
DISAPPEARED 
AFTER THERAPY 

% OF PATIENTS 
IN WHOJI 

abnormal 

FINDING 

partially 

SUB.SIDED 

% OF PATIENTS 
IN WHOM 
THERE WAS 
NO 

IMPROVESIENT 

Skia and/or mucous membranes 
bright red , 

25 

90 

4 

0 

Cyanosis 

15 

93 

7 

0 

Conjunctivae red 

9 

100 

0 

0 

Retinal venules distended 

8 

100 

0 

0 

Petechiae and/or ecchymoses 

2 

300 

0 

0 

Splenomegaly 

28 

cs 

32 

0 

Hepatomegaly 

8 

62.5 

37.5 

0 

Systolic bJood pressure J50 mm. 11 

Hg or higher 

36.5 

36.5 

27 


appeared,” even though it is recognized that the spleen may never have re- 
turned to a perfectlj' normal size. Hepatomegaly is arbitrarilj’’ defined as that 
condition in which a liver edge was felt 2 cm. or more below the costal margin 
in the mid-clavicular line. No patient who had hepatomegaly was recorded as 
showing a complete disappearance of the abnormal finding after therapy unless 
the liver edge was no longer palpable after therapy. In all patients who had 
hepatomegaly or splenomegaly, measurements w’ere routinely recorded with the 
patient breathing as quietly as possible. The measurements were taken from the 
costal margin to the lower border of the spleen or livei' in the midelavieular 
line and in the anterior axillarj’’ line; in addition, the distance from the medial 
border of the spleen to the right or the left of the mid-line was recorded. If 
the spleen was only moderatelj'- enlarged, the only measurement recorded was 
the distance from the tip of the spleen to the costal margin at the maximum 
point. Prom these standardized measurements it was possible to follow changes 
in the size of these organs ivith reasonable accuracy. 

The bright red color of the skin and mucous membranes, the cyanosis, the 
reddened eonjunctivae, and the distended retinal venules disappeared after 
teratment in practically all cases. The only patient in whom the bright red 
color and the cyanosis did not completely disappear was a patient who was 
followed for only three months after therapy and his erythrocyte count had 
never dropped below 6,300,000 cells per cubic millimeter. Splenomegaly was 
present in all but two subjects, whereas hepatomegaly was present only eight 
times. All of the patients who had hepatomegaly also had a rather marked 
splenomegaly, the spleen edge measuring from 2 to 18 centimeters below the 
costal margin. About two-thirds of the enlarged spleens and two-thirds of the 
enlarged livers became nonpalpable after treatment. 

It is interesting tha,t eleven of the thirty patients had a systolic blood pres- 
sure of 150 or more millimeters of mercury, and eight of these eleven had a 
diastolic pre^ure of 100 or more millimeters of mercury. Of the abnormal 
physical findings, hypertension responded least favorably to therapy. 
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3. Duration of Remissions Produced: Twenty-one of the thirty patients 
(Patients 1 to 5 and 7 to 22 in Table 2) have been followed for a year or more. 
In them, the duration of remissions has arbitrarily been defined as the interval 
from the time the red blood cell count fell below 5.5 million cells to that at 
which it again rose above the 6.0 million level. The longest remission so far 
observed is thirty-three months and is still continuing. In five patients, the re- 
missions have been longer than two years; in eleven, longer than one year; and 
in seventeen, longer than nine months. Most of these subjects have not yet re- 
quired a second course of therapy (last column. Fig. 2) so that no average 
figures can now be calculated. Additional radioactive phosphorus, as a matter 
of fact, has been given to only eight of the twenty-one patients. In seven in- 
stances, the duration of remissions was shorter than twelve months. One patient 
(Patient 2, Pig. 2), after a short remission of only three months, developed a 
progressive anemia, leucoeytosis, and a leucocyte differential indistinguishable 
from that of subacute myelogenous leukemia. At the time of her death, more 
than 50 per cent of the leucocytes were myeloblasts or early myelocytes. 

C. Comparison of Radioactive Phosphorus With Othef Forms of Therapy 
Used in the Treatment of Polycythemia Vera. — ^Eadioactive phosphorus unques- 
tionably induces both clinical and hematologic remissions, often of long duration, 
in patients with polycythemia vera. Similar effects have been obtained with 
x-ray therapy or phenylhydrazine, and many clinicians have found therapeutic 
phlebotomy a satisfactorj’- method of treatment. There is a growing conviction, 
however, which is shared by us, that administration of radioactive phosphorus 
is the treatment of choice for polycythemia vera. There can be no doubt that it 
is the most convenient method for the patient. He experiences no radiation 
sickness, does not have to take a drug whose dosage must constantly be regulated 
with care, does not have to subject himself to the inconvenience of repeated 
phlebotomies. Eadioactive phosphorus exerts its therapeutic effect, as does 
x-radiation, by slowing the rate of erj-throcytogenesis. Long clinical and 
hematologic remissions may be produced by one course of therapy. 

It is not yet possible to conclude, however, that radioactive phosphorus pro- 
longs life to a greater degree than do other forms of therapy. PoIycj*themia vera 
is a chronic disease of long duration in which spontaneous remissions not in- 
frequently occur. The chronicity of the disease is well illustrated by the cases 
studied at the hlayo Clinic.-*' When Tinney, Hall, and Giffin*' reviewed their 
e.v'perience with 163 patients seen prior to November, 1941, they found that in 
thirty-six the disease was of five or more years’ duration. In nineteen patients, 
polycythemia had been present for ten or more years; in eight, for at least 
fifteen years ; and in four, for at least twenty years. Death had occurred in 
twelve of these thirty-six patients from the following causes; myelogenous 
leukemia or leukemoid reaction, six; hemorrhage, three; thrombosis of the 
superior mesenteric vein, one; carcinoma of the stomach, one; and cirrhosis of 
the liver with Paget’s disease of the skull, one. The most common cause of death 
among these patients, therefore, was myelogenous leukemia (or an anemia asso- 
ciated with a leukemoid reaction). The fact that one of the individuals treated 
Dy Hall and lus associates" and one of our patients (Patient 2, Table 2) have 
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already died with similar manifestations suggests that radioactive phosphorus 
will not prevent this complication of pobmytliemia vei*a. An additional fifteen 
or twenty years of experience will be required before conclusions can be reached 
as to whether will prolong life more than have x-ray therapj^ plienj-Ihydra- 
zine, and phlebotomy. 

Even though a number of the remissions obtained bj^ other investigatoi-s and 
by us are now measurable in jmars and are still in progress, tliere is little reason 
to believe that cures have been produced in these instances. The number of ob- 
served relapses is great enough to make one believe that relapses "will also eventu- 
ally occur in these pei’sons. 

Emphasis has already been given to the fact that complications may result 
from therap 3 ' with P^" as from other foimis of treatment. These are anemia, 
leucopenia, thrombocytopenia, and possibly aplastic anemia. Prevention of 
these complications can be accomplished at the present time only by avoiding 
overdosage. Because of difference in susceptibility of patients to the isotope, 
the dosage must be individualized to a high degree. The chief practical disad- 
vantages associated with the use of radioactive phosphorus at the present time 
are (1) the moderatety high cost of producing it, (2) its relative scarcity, and 
(3) the relatively long latent period (from thirty to sixty days) whicli occurs be- 
fore the red blood cell count begins to fall. 

D. Summary and Recommended Method for Administenng P^- to Patients 
With Polycythemia Vera. — From the results reported in the literature and from 
those here recorded, it is clear that the administration of radioactive phosphorus 
to patients with polycythemia vera induces satisfactory clinical and hematologic 
remissions which not infrequentlj’' last for two or more j’ears. Tlie fall in the red 
blood cell count, however, usualty does not begin for from thirty to sixty daj’s; 
for this reason, if symptoms are severe, it is often advisable to reduce the red 
cell level by removing blood during this period. Treatment with P’= seems 
superior to other methods used in the past, but it is not yet certain that this 
form of therapj'- will prolong life to a greater degree than vdll x-radiation, 
phenj'Ihydrazine, or repeated phlebotomies. Dosage must be individualized 
and carefulty controlled if the production of anemia, leucopenia, and thrombo- 
cytopenia is to be avoided. 

As a result of the experience accumulated in this clinic, radioactive phos- 
phorus is now given to patients with poijmj’themia vera according to the follow- 
ing routine. After the diagnosis has been established, from 3.5 to 4.0 millieuries 
are injected intravenously. The height of the red blood cell count and the 
weight of the patient are used as a guide to decide which of these doses will be 
employed (see footnote, page 110). No additional jg months. 

If symptoms are severe, however, or the er 3 ’'throc 3 de level is so high that com- 
plications such as thrombosis are feared, 500 cubic centimeters of blood are re- 
moved daily until the red cell count has been reduced to between 6 and 6.5 
million cells. This level is maintained b 3 ' additional bleedings during the first 
two to four weeks. They are then discontinued, if possible, so that the effective- 
ness of the may more easily be evaluated. If the count remains above 6.0 
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million cells, a second injection of from 1.0 to 3.0 millicuries is given about 
ninety days after the first injection. Additional phlebotomies are usually not 
required but are done if the erythrocyte level rises high enough so that symp- 
toms reappear. Many patients do not require this second injection; a few must 
he given a third injection of from 1.0 to 3.0 millicuries after a second interval 
of ninety days. By this time a remission has almost invariably been produced 
and the patient is observed at internals of from one to two months either by us 
or by his own physician. No additional therapy is given until a relapse occurs. 
This schedule is more consenmtive than that used by most other clinicians who 
have used radioactive phosphorus therapeutically but has been adopted because 
it rarely causes any of the cellular elements of the blood to fall significantly below 
normal levels. 

IV. MYELOGENOUS LEUKEMIA 

A. Seview of the Literature . — There are nine reports in the literature dealing ivith the 
therapentio effectiveness of radioactive phosphorus in myelogenous leuheinia.i-3. s. "i s. w, 12 , is 
These reports are based on the study of 107 patients of whom eighty-two had chronic myelog- 
enous leukemia, twenty had acute myelogenous leukemia, and five had subacute mydogenous 
leukemia. 

Lawrencei presented detailed data on two patients. The first was a 52-yeaT-old man 
with chronic myelogenous leukemia. This man was given 86 millicuries of radioactiTe phos- 
phorus by mouth during a period of seventy-two days. Throughout this time there was pro- 
gressive symptomatic improvement. The total leucocyte count dropped from 600,000 cells per 
cubic millimeter to within the normal range; all myeloblasts and myelocytes disappeared from 
the blood; and the erythrocytes rose from 3,350,000 cells per cubic millimeter to normal values. 
There was a gradual and progressive decrease in the size of the liver and spleen until neither 
was palpable. The patient remained symptom-free for a period of about four months, at the 
end of which time the leucocyte, erythrocyte, and thrombocyte levels all decreased to low levels 
and hemorrhagic manifestations appeared. Shortly thereafter, the leucocyte count rose pro- 
gressively, and the liver and spleen enlarged. Severe cough, fever, and night sweats developed, 
and cellulitis of the face occurred terminally. At post-mortem esamination, miliary tubercu- 
losis was found; there was a mild amount of myeloid hyperplasia in the bone marrow and 
slight myeloid metaplasia in the spleen and liver. 

The second patient was a woman, 40 years of age, who had acute myelogenous leukemia. 
Slio was given iron, vitamins, liver extracts, and small doses of x-ray therapy; the total 
leucocyto count dropped temporarily following each x-ray treatment, hut there was no clinical 
improvement. The patient was then given two oral doses of radioactive phosphorus four 
weeks apart (4.77 and 1.19 millicuries, respectively). The leucocyte count fell to leucopenic 
levels, but again there was no clinical improvement. At death, post-mortem examination re- 
vealed pathologic changes of acute myelogenous leukemia without histologic evidence of 
irradiation effects. 

Since this original report by Lawrence, specific data have been published on fifty-three 
additional cases. Forty-three previously unreported cases were analyzed in a comprehensive 
paper by Erf, Tuttle, and Lawrence.= It is obviously impossible to summarize each of these 
cases here, and only their general conclusions will be discussed. All of the other detailed case 
reports in the literature, ten in number, are summarized in Table 5. 

Erf, Tuttle, and L.awrencc= tablnated the symptoms and physical signs before and after 
rs: therapy of thirty-eight patients with chronic myelogenous 'leukemia and eight patients 
wuh acute myelogenous leukemia. The tot.al do'age of radioactive pho-=phorus given to the 
patients with chronic myelogenous leukemia ranged from 2.3 to 90.7 millicuries, with an average 
total dosago of 20.5 millicuries. Among the patients with acute myelogenous leukemia the 
otal dosage varied from 2.0 to 24.1 millicuries, with an average of 10.4. The hematologic 
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Table 5. Sojijiaet of Bepoets Peojt the LiTERATURE on Patients With Mtelogenobs 

Leukemia Treated With Pss 


AUTHOR 

AND 

REFERENCE 

PA- 
TIENT 1 

AGE 

AND 

SEX 

APPROX. 

INITIAL 

av.b.c. count 

(PER C.MM.) 

1 

TREATMENT j 

COMMENTS 

Warren^ 

1 

35, M 41,200 

(50 percent 
“blasts”) 

4 injections total- 
ing 5,9 me. over 
period of 0 
weeks; 4 blood 
transfusions 
also gir’cn 

CMibacute myelogenous leukemia; 
during period of therapy W.B.C. 
fluctuated widely, rising termi- 
nally to 97,500 cells per c.mm. 
with more than 70% blasts; pa- 
tient died about 44 days after 
start of P3= therapy 

Lawrence^ 

1 

58, F 

22,000 

5 doses given or- 
ally over period 
of 10y> months 
(total, 10.22 
me.) 

Bach treatment was followed by 
restoration of appro.ximately 
normal leucocyte level and dis- 
appearance of leukemic skm 
rash; patient still living and in 
e.x'cellent clinical condition 13 
months after onset of therapy 


2 

29, M 132,000 

3 doses given or- 
ally oi’cr period 
of 7 months 
(total, 10.74 
me.) 

Following treatment, ieucocyte 
count gradually dropped and 
erythrocy’tc level rose to'appro.x- 
imatelj' normal; shortly after 
first dose of P^n he improved 
clinically and 1 year later was 
still symptom-free; liver and 
spleen, which were initially 
greatly enlarged, became no 
longer palpable 


3 

39, I 

? 155,000 

5 doses given or- 
ally over period 
of 2 montlis 
(total, 21.00 
me.) 

Following therapy leucocyte count 
dropped to 8,000 and then fluc- 
tuated between 10,000 and 
20,000 for nc-xt 6 months; 
erythrocyte count rose to nor- 
mal; splenomegaly and hepato- 
megaly disappeared 

Kenneys 

1 

25, F 307,200 

8 doses (7 route) 
totaling 18.9 
me. over period 
of 51 ^ weeks 

3 months after start of P^- ther- 
apy W.B.C. count was 12,000 
and spleen had decreased mark- 
edly in size; 1 month Info’' 
W.B.C. count began to rise rap- 
idly; this continued in spite of 
x-ray therapy; died 4)4 months 
after onset of Psz therapy 


2 

41, M 310,000 
\ 

23 doses (7 route) 
totaling 50.8 
me. over period 
of 15 months 

Leucocyte count fairly well con- 
trolled by treatment; erythro- 
cyte level rose from 3 , 400,000 
to around 4,500,000; patient 
still living at time of report 

Low-Beer 1 

and asso- 
ciatesrs 

12, F 380,500 

14 doses totaling 
16.038 mo. given 
over period of 

12 weeks; 3 
doses (about 1 
me. each) given 
during next 5 
months; addi- 
tional 7 doses 
totaling 4.13 me. 
during last 6 
weeks of life 

14 weeks after onset of P^" ther- 
apy W.B.C. count was 10,300, 
R.B.C. had risen from 2,070,000 
to 5,180,000, spleen, wliich ori- 
ginally filled most of the ab- 
domen, was barely palpable; pa- 
tient gained 20 pounds, fek 
well; fairly complete remission 
lasted about 4 months, but death 
occurred 10 months after onset 
of therapy 
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Table 5 — Coxt’p 


acthok 

AND 

EEFERENCE 




APPEOX. 



AGE 

INITIAL 

TEEATMENT 

PA- 

AND 

W.B.C, COUNT 


TTENT 

SEX 

(PEP. C.MM.) 



COMMENTS 


Lovr-Beer 
and asso- 
ciates’2 


2 a, V 342,400 


P32 given orally; 
exact dosage not 
given, but radia- 
tion level was 
built up to a 5.0 
me. level 


Warreni!* 1 45, F 322,000 


8 i.v. injections to- 
taling 20.41 me. 
given between 
11/20/40 and 
4/6/42 


Within 6 weeks leucocyte count 
dropped to normal and erythro- 
cyte count rose to normal; pre- 
viously palpable lymph nodes 
disappeared and patient gained 
10 pounds; patient remained in 
e.xceUent condition with very 
slight fluctuations of blood 
counts for 8 months; two sub- 
sequent relapses were treated 
with courses of therapy; at 
time case was reported, patient 
was again in excellent remis- 
sion (11 months after onset of 
therapy) 

Patient improved clinically and 
spleen became smaller; follow- 
ing initial drop in W3.C, count, 
leucocyte level fluctuated be- 
tween 14,400 and 44,000 until 
terminally, when it rose to 
320,000; during first few months 
of therapy, E.B.C, count rose 
slightly; patient expired 17 
months after onset of therapy 


2 60, P 250,000 


14 doses (all but 
4 i.v.) totaling 
29.62 me. be- 
tween 4/17/42 
and 6/4/43 


This patient had failed to respond 
to x-ray therapy and was virtu- 
ally moribund when Pss was 
started; she improved clinically 
and spleen decreased to two- 
thirds its former size; W.B.C. 
count never dropped below 
80,000; death occurred 19 
months after onset of therapy 


changes during and after treatment were briefly summarized for ten of the patients with 
chronic myelogenous leukemia. Apparently, three of these had previously been reported by 
I/iwrenco and his associates. hTone of the patients with acute leukemia was benefited by 
therapy, and all were dead at the time of the report. Of the thirty-eight chronic cases, eleven 
of the patients had partial remissions and five had complete remissions; twenty-one had died. 
Two patients had essentially complete remissions which were of nearly two years’ duration at 
the time of the analysis. Of the thirty-eight chronic cases, twelve of the patients had had no 
therapy previous to P3=. The response to P"= was less satisfactory in those who had had 
x-radiation previously. As the duration of the disease previous to the admim'stration of P’2 
was quite similar in the two groups, these investigators concluded that previous x-radiation 
reduces the cfTcctivcncss of radiophosphorus. In those cases examined at antopsv, the gross 
findings were those usually described for leukemia. The histopatliology was interesting in 
that there were no cellular changes in normal cells that could bo attributed to local irradiation 
caused by the radiophosphorus ; many sections did show cellular lysis or rhexis in leukemic 
cells. Tho authors concluded that in the doses they employed, radiophosphorus produced no 
morphologic damage to normal tissues. 

CraverT summarized the results obtained in the treatment of eleven adults with chronic 
myelogenous leukemia. Xo .specific data concerning the dosage of P 22 employed or changes in 
tho blood counts wore given for any of these patients. Only one was followed for as long as 
cne year. Three of the eleven patients died 20d5, 4, and 4 months, re.-rpectively, follo^ving the 
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beginning of therapy, whereas eight were still living at the time of the report. Graver 
concluded that of the eleven patients, “seven, including the one who died after 20.5 months, 
showed definite evidence that is an efCective therapeutic agent in this tj-pc of leukemia.” 
Graver also mentions that one patient with acute myelogenous leukemia and one with subacute 
myelogenous leukemia were treated. One of these died in one week and the other in sis 
weeks; in neither patient was there any detectable effect of P32, favorable or unfavorable. 
No details were given. 

KenneyB reported having treated six patients with chronic myelogenous leukemia, and 
one each with acute and subacute myelogenous leukemia. Case reports were given for only 
two patients; data for these two arc summarized in Table 5. The patient in the acute phase 
of the disease died one week after the administration of 1.5 millicuries of P^*. The patient 
who was in the subacute phase of the disease received three doses of 0.8 millicurie each at 
weekly intervals; death occurred six weeks after the first treatment. In all six individuals 
with chronic myelogenous leukemia, the following effects were observed: the leucocyte count 
was reduced to approximately normal levels; tho percentage of myeloblasts and myelocytes in 
the bone marrow was reduced; tho erythrocyte counts and hemoglobin levels rose during 
therapy; enlarged spleens decreased in size; and in no case was radiation sickness observed. 

Pitz'Hugh and Hodesre reported having treated five patients with clironic myelogenous 
leukemia, but no data were given concerning any of them. The authors state that one patient 
obtained an excellent remission which lasted several months, and a second patient who was 
then under treatment seemed to be responding satisfactorily. The other three persons were 
in the lata stages of the disease and were unimproved by treatment. 

Nineteen patients with chronic myelogenous leukemia, two with subacute myelogenous 
leukemia, and nine with acute myelogenous leukemia were treated with radioactive phosphorus 
by Warren.15 Only two case reports were given. These are summarized in Table 5. Warren 
stated tliat nine of the nineteen patients with chronic myelogenous leukemia were “helped” 
by therapy, both cases of subacute myelogenous leukemia were “liclpcd," but none of the 
acute cases was benefited. Those patients were considered helped who “showed definite 
clinical and laboratory evidence of improvement." 

There is substantial agreement among all these investigators that patients with acute 
myelogenous leukemia do not respond favorably to therapy with pss. There is also agreement 
that in chronic myelogenous leukemia administration of radioactive phosphorus will usually 
restore the leucocyte count to normal or approximately normal levels, and that a rise in the 
erythrocyte level frequently follows. Tliis hematologic improvement is quite consistently 
accompanied by definite symptomatic improvement. As in polycj’themia vera, adequate data 
are given for so few cases of myelogenous leukemia that it is not possible to evaluate the 
duration of the remissions induced or to compare the results of therapy with the results 
which have been obtained with other forms of treatment such as x-ray. Detailed data are given 
in the following section for all of our patients in the hope that they may provide at least 
tentative answers to these important problems. 

B. Analysis of Results Obtained in Treating Thirty-Nine Patients IVith 
Myelogenents Leukemia. — Thirty-nine patients with mj^elogenous leulcemia have 
been treated with radioactive phosphorus at the Edward Mallinckrodt Institute 
of Eadiology. Twenty-one of these have died, and eighteen are stiU living. 
During the first ten days to two weeks of therapy, each patient was seen once 
every two or three days. Thereafter, the interval was gradually lengthened as 
the disease was brought under control, but even during protracted inteiwals of 
complete freedom from symptoms, each patient was seen at least once every 
two months. A sternal bone marroAv examination was done in every case im- 
mediately before therapy was begun and at variable intervals thereafter depend- 
ing on the severity and progress of the disease. A total of from two to four 
sternal aspirations have been performed on most of the patients who have been 
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under observation for two years or longer. The basal metabolic rate was also 
followed in most instances. 

It is important to emphaaze that there was no selection of patients for this 
series. Only those who lived so far away that they could not be seen at frequent 
intervals were rejected and treated with x-radiation or Fowler s solution. Many 
of the thirty-nine persons to whom was given had been treated for years by 
their family physicians and were referred to us only when previously employed 
therapeutic measures no longer seemed effective. The average duration of symp- 
toms at the time therapy was started was slightly over two years, and ten of 
the patients had had symptoms for three years or longer. At least nine patients 
(Patients 1, 6, 16, 19, 20, 21, 25, 28, and 38) were cither considered to have sub- 
acute myelogenous leukemia or to be in the terminal stage of chronic myelog- 
enous leukemia. 

1. Effect of Therapy on the Cellular Elements of the Blood: The hemato- 
logic and various other data on these patients are summarized in Table 6. 
Twenty-one of the subjects were men, and eighteen were women. Twenty-four 
of them had had some other form of treatment before P’* was first administered, 
including x-radiation in twenty cases. In very few instances, however, had any 
other therapy been given during the last four months prior to the first injection 
of P22. The initial leucocyte count was elevated in all thirty-nine patients, and 
there were no examples of subleukemic leukemia in this series. Thirty-four of 
the thirty-nine patients had an anemia of less than 4,000,000 cells per cubic 
millimeter, and seven had a thrombocytopenia of less than 300,000 platelets per 
cubic millimeter (this is definitely below the normal range by Dameshek’s 
method) . 

The wide variation in the dosage of radioactive phosphorus required to 
restore the leucocyte count to approximately normal levels needs to be empha- 
sized. In eight patients less than 6 millicuries sufficed to reduce the white blood 
cell count to 15,000 or less, while two patients received in excess of 50 millicuries 
without ever showing a drop of the leucocyte count to this level. In nineteen of 
the patients the dosage required to lower the leucocyte count to less than 15,000 
cells per cubic millimeter was between 6 and 12 millicuries; the time required 
varied from 15 to 120 days. The height of the initial leucocyte count was not 
the only determining factor for cither the total amount of or the time re- 
quired to accomplish this result. 

As the leucocyte count decreased, the percentage of polymorphonuclear 
leucocytes increased and the percentage of myelocytes and myeloblasts decreased 
significantly in every case except one. This one patient (Patient 25) was in 
the terminal stage of the disease and died nine days after treatment was begun. 
The crj’lhrocytc level increased by more than half a million cells per cubic 
millimeter in twenty-five of the thirty-three patients who received no trans- 
fusions; in twelve instances the increase amounted to more than 1,000,000 cells 
per cubic millimeter. The platelet count was less than 300,000 per cubic milli- 
meter at the time P== therapy was started in seven patients; in four, the thrombo- 
cyte level ro.se after treatment to above 900,000 per cubic millimeter. Bone 
marrow examinations were usually repealed after the blood counts had been 
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Fig. 6. — Chronic myelogenous leukemia. Eesponsc to therapy. 


Case Summai-y. — K. M., a house'wife, 35 years of age, began to notice large spontaneous 
bruises scattered over the body in June, 1943. Shortly thereafter she noted mild fatigability. 
These symptoms persisted, but there were no other complaints. She liad had severe rhenmatic 
fever at the age of 12 and a heart murmur ever since that time. 

Physical Examination: Patient was moderately obese. There were four bruises on the 
legs and three on the arms. There was one small hemorrliage in the left fundus. The heart 
was moderately enlarged, and a loud, harsh, sj'stolic murmur was heard at the apex. The 
splenic edge measured 6 cm. below the costal margin in the mid-clavicular line. The liver was 
not enlarged. There were no palpable lymph nodes. 

Lahoratory Data; Blood counts (Sept. 24, 1943): leucocytes, 175,000 j erj-throeytes, 
3,480,000; hemoglobin, 11.5 Gm.; reticulocytes, 1.0 per cent; platelets, 557,000; differential: 
segmented polymorphonuclear neutrophiles, 43 per cent; stabs, 10 per cent; basophiles, 2 per 
cent; juveniles, 27 per cent; “C" myelocytes, 14 per cent; lymphocytes, 2 per cent; mono- 
cytes, 2 per cent. The sternal bone marrow on Sept. 24, 1943, was markedly lij-perplastic, 
and the differential was; polymorphonuclear neutrophiles, 23 per cent; stabs, 25 per cent; 
juveniles, 19 per cent; "G” myelocytes, 22 per cent; “B” myelocytes, 0 per cent; “A” 
myelocytes, 2 per cent; eosinophiles, 1 per cent; primitives, 1 per cent; plasma cell^ 1 pot 
cent. There were 7 nucleated red blood cells per 100 myeloid cells. The urine was negative. 
The Kahn reaction was negative. 

(Oonttnued on opposite page.) 
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restored to more normal levels; in eveiy case this second marrow examination 
showed fevjer myeloblasts and myelocytes than did the original. 

Table 6 shows not only the millicuries of required to restore the leuco- 
cyte count to approximatelj’’ normal levels, but also the amount given each 
year or fraction of a year thereafter in an attempt to keep the blood in as normal 
a state as possible. Eleven patients have been followed for more than a year 
sinee the leucocyte count was originally restored to the range of 4,000 to 
15,000 cells per cubic millimeter; in all but one of these patients the leucocyte 
count subsequently rose to above 20,000 cells per cubic millimeter and further 
therapy was therefore given. The millicuries of administered during this 
first “post-remission” year varied between 1.5 and 18,8 millicuries. Four of 
these patients have been followed for two years following the initial hematologic 
remission and have required from 1.6 to 11.9 millicuries during the second year. 
Only two patients have been followed for three years since their initial remission. 

Charts showing the hematologic response of two of our patients to P” 
therapy are shown in Figs. 6 and 7. The first of these represents a fairly typical 
case of chronic myelogenous leukemia; the patient is still li\Tng and the disease 
has been under good control for two years. The dosage of P*^ which this patient 
has received is also about average. The second patient was thought to be in an 
acute or terminal phase of his iUness when treatment was begun. Although the 
remission induced was of brief duration, the chart is presented to emphasize that 
even in this stage of the disease therapy may be of value. 

2. Effect of Therapy on the Clinical Manifestations of Myelogenous 
Leukemia: The effect of radioactive phosphorus on the symptoms of these 
thirty-nine patients with myelogenous leukemia is shown in Table 7. Every 
symptom was included in this table, even though many of them were probably’- 
caused by incidental disorders other than the leukemia. Weakness, by far the 
most common symiptom, was completely or partially* relieved in 89 per cent of 
the patients. All syTuptoms except coughing and nervousness were completely 
relieved in at least 50 per cent of the patients. Of the four patients who com- 
plained of coughing, one was a hea-vy user of tobacco, and the other three were 
in the terminal phase of the disease when P** therapy was started. Three of the 
nine patients who complained of nervousness had had this symptom virtually 
all their lives. 

In Table 8 is summarized the effect of therapy on the abnormal physical 
signs. Splenomegaly is the only abnormal physical sign which did not disappear 
completely in at least 50 per cent of patients. The spleen was originally palpable 
m thirty-six of these patients ; it became no longer palpable in ten patients (27.5 
per cent), and definitely decreased in size but remained palpable in twenty-three 
patients (64 per cent) . In only one instance where the patient lived longer than 

CoiiTSc: The patient has had practically no Fvmptoms since the onset of therapy with 
tVitliin si.t weeks the spleen became no longer palpable; only on rare occasions since 
then has the tip of the spleen been felt on deep inspiration. She has had intennittent epi- 
sodes of fatigue and nervousness, but her husband was in the Armv, and she had four chil- 
dren to care for in addition to working regularly a. a telephone srritchboard operator. She 
fUW tvVwo vrcM (October, 1945). 
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Fig. 7. — Terminal phase of myelogenous leukemia. Effect of therapy on the blood. 


Case Summary. — ^A. T., a man 31 years of age, began to have pain in both thighs and 
groins early in February, 1913. Shortly thereafter he had three shaking chills. The leucocyte 
count ■was found to be 266,000. Between February 23 and March S he was given x-ray therapy 
totaling 5,010 roentgen units. His symptoms improved and by June the white blood cell 
level had dropped to 5,800. He still had frequent headaches, cough, and persistent fever. In 
August, progressive anorexia occurred. The leucocyte level gradually rose, and, by Sep- 
tember, 1943, reached 80,000. He was again given x-ray therapy, this time totaling 2,240 
roentgen units. The white blood cell level decreased, but symptoms did not improve. During 
November, 1943, he developed progressive anore.xia, severe pain in the chest, palpitation, 
dyspnea, orthopnea, increasing fever, and night sweats. Several days before he came to St. 
Louis for the first time he became mentally confused, and, at times, delirious. He was ad- 
mitted to Barnes Hospital Dec. 2, 1943. 

Physical Examination (Dec. 4, 1943) : The temperature was 39.2° C. and the patient 
was semistuporous. There were several hemorrhages in the left fundus. The spleen measured 
14 cm., and the liver 8 cm. below the left and right costal margins respectively (in mid- 
clavicular line). The lymph nodes were not enlarged. There was slight pitting edema of the 
feet. 


(Continued on opposite page.) 
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Semiconseiousness or stupor 
Night sweats 
Chills and feverishness 
Nervousness 

Swelling of legs or genitals 


36 

53.5 

33.0 

5,5 

5.0 

1 

100 

0 

0 

0 

6 

50 

16.5 

33.5 

0 

16 

50 

25 

18.5 

6.5 

8 

62.0 

25 

12.5 

0 

3 

100 

0 

0 

0 

1 

100 

0 

0 

0 

4 

50 

25 

25 

0 

9 

89 

0 

11 

0 

2 

100 

0 

0 

0 

19 

58 

26.5 

10.5 

* 5 

8 

75 

0 

25 

0 

12 

58.5 

16.5 

8.5 

16.5 

10 

60 

20 

10 

10 

4 

0 

0 

100 

0 

2 

100 

0 

0 

0 

7 

100 

0 

0 

0 

1 

100 

0 

0 

0 

1 

100 

0 

0 

- 0 

1 

100 

0 

0 

0 

5 

60 

20 

0 

20 

9 

22 

44.5 

33.5 

0 

8 

75 

12.5 

12.5 

12.5 


Lahomtory Data: Blood counts (Dec. 2, 1943): lencocytes, 227,000; erythrocytes, 
2,070,000; hemoglobin, 4.7 Gm.; reticulocytes, 2.0 per cent; platelets, 1,450,000; difterential: 
segmented polymorphonuclear neatropbJJes, 34 per cent; stabs, 4 per cent; jnveniles 7 per 
cent, myelocytes, 36 per cent; myeloblasts, 13 per cent; monocytes, 1 per cent. Sternal 
bone marrow examination was not done on admission {patient too ill). Urine wns negative 
except for a trace of albumin. Kahn reaction vm .5 negative. 

Course: Salfamerazmc therapy was started December 4 and for the next month the 
bJood ierel was maintained between 5 and 10 mg. per cent. During the first few davs in 
the hospital he had repeated epistaxes. On the sixth day of therapv with Pss he begto to 
fed stronger and from then on showed progressive symptomatic improvement. A= the lenco- 
Sfv n- ^ential improved, and when be was discharged from the hospital 

n (ho wlf 3 per cent myelocytes and no myeloSsts 

m (ho blood. During the next two and onc-half months he continued to feel mute well cv 
cep for moderate fatignbility. Ho continned to run a low-grade fever. ZSlnZ 
1- be bad several blood transfusions accompanied bv severb reaction® • tber/>®f^ fn * 

beg^n to blccranl'T'? Jatmdiced The gum.s 

At post-mortem examination there were numerouq - 

•l»md . ,llEht lh» mriMa '.Wl.Tf™,' nlrZ"’’’?' 

ana a few mcgakaryoeyles were se^n. ^ ttan-ow. a few foci of crvThropoiesis 
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Table 8. Thirty-Nine Patients With Myelogenous Leukemia — Changes in 
Physical Signs Following P^s tiierai'y 




% OF 





NUMBUR OF 

PATIENTS 

% OF 

% OF 

% OF 


patients 

IN WHOM 

PATIENTS 

PATIENTS 

PATIENTS 


AVHO HAD 

ABNORMAL 

IN WHOM 

IN 'WHOM 

IN VniOM 

SYMPTOM 

abnormal 

FINDING 

ABKOKilAL 

THERE WJiS 

DEATH OC- 


B3IYSICAT. 

COMPI.KTKLY 

FINDING 

NO IMPROVE- 

CURRED IN 


SIGN AT 

DIS.VPPEARED 

PAinTALlA' 

MENT 

LESS THAN 


onsi:t ok 

AIT-KU 

SUliSIDKD 


5 DAYS 


TIIKKAKY 

THKUAPY 




Fever 

14 

r>i.5 

7 

21.5 

7 

Tacliycardia 

19 

58 

21 

10 

5 

Petechiae or 1 

7 

71 

0 

29 

0 

1 > mucous 

ecchynio.«es / .,,.,3 3 

100 

O’ 

0 

0 

Bleeding from nose or 

gums 2 

100 

0 

0 

0 

Enlarged lymph nodc.>i 

2G 

50 

23 

23 

4 

Splenomognly 

Hepatomegaly 

3e 

29 

27.5 

51.5 

01 

27.5 

3 

14 

5.5 

7 

Systolic cardiac murmur 

10 

0.1 

10 

10.5 

10.5 

Edema of extremities 

(I 

50 

33 

17 

0 

Ascites 

0 

100 

0 

0 

0 


five days after therapy was started did the spleen fail to decrease in size, at 
least temporarily. Twentj’-six patients had palpably enlarged lymph nodes, 
but in twelve of these the enlargement Avas minimal (largest nodes, from 0,5 
to 1 cm. in diameter). The Ijunphadenopathy disappeared entirely in thirteen 
patients (50 per cent of those liaving this abnormality), and the lymph nodes 
decreased in size in six (23 per cent). 

The results are recorded for each patient in Appendix Tables 2 and 3. 
Only the initial response to therapy is tabulated. As the disease progressed, 
both symptoms and phj’-sical signs Avhich had at first improved or disappeared 
tended to recur. For example, practically all of the patients who hai^e died ex- 
perienced extreme wealtness just prior to death. In a few instances an enlarged 
spleen Avhieh decreased gi'eatly during the early stages of treatment sub.se- 
quently enlarged again until the organ was bigger than it had been at the time 
treatment was first started. 


Two of the patients in this series had positive Kahn reactions which were 
almost certainly “false positives.” One of these two was a housewdfe, 37 years 
of age, who had been married for nineteen years. She had no history of primary 
or secondary syphilitic lesions, and no signs or symptoms of cardioAmscular or 
neurosyphilis. Blood obtained from her husband and son gave negative Kahn 
reactions. Her leukemia responded Avell to therapy, and following restoration of 
the blood cytology to approximately normal levels, her Kahn reaction became 
negative. The other patient Avas a minister, 76 j'ears of age. Again there ivas 
no history nor any physical signs suggestive of syphilis. This patient responded 
very poorly to treatment. His total leucocyte count dropped to approximately 
normal levels, but the profound anemia persisted in spite of repeated blood 
transfusions. The Kahn test ivas repeated five months after treatment was 
started and urns again positive. 

One patient had tremendously enlarged lymph nodes, liver, and spleen 
which failed to decrease in size following administration but diminished 
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markedly following a subsequent course of x-ray therapy. At the -onset of treat- 
ment, this patient, a 26-year-old man, had no complaints except weakness, and 
progressive enlargement of nodes in the cervical, axillary, epitrochlear, and in- 
guinal regions. Some of these nodes were from 2 to 3 cm. in diameter. The 
spleen measured 8 cm. and the liver 9 em. below the left and right costal margins, 
respectively, in the mid-clavicular lines. The leucocyte count was 26,000 per 
cubic millimeter, the differential showed 12 per cent juveniles and 10 per cent 
myelocytes, the erythrocyte level was 5,170,000, and platelets 486,000 per cubic 
millimeter. He was given 5.94 millieuries of radioactive phosphorus during a 
period of thirty-four days. At the end of this time the leucocjde count was 7,800 
per cubic millimeter with only 6 per cent juveniles and 1 per cent myelocytes, 
the erytlu:oeji;e level was doivn to 3,750,000, and the platelet level remained 
normal. In spite of this lowering of the white blood cell level, the axillary and 
femoral nodes had increased about 50 per cent in size, the spleen now measured 9 
cm., and the liver 9.5 cm. helow the costal margins. No further therapy was given 
during the next two weeks, and the axillary nodes enlarged slightly. The patient 
developed dyspnea and coughing; fluoroscopic examination revealed enlarge- 
ment of upper mediastinal lymph nodes. X-ray therapy was then started; dur- 
ing the next three weeks the patient received 600 roentgen nnits (2 doses of 300 
roentgen units) to each of the follouing ports : right neck, left neck, anterior 
mediastinum, posterior mediastinum, left upper quadrant, right upper quadrant, 
left groin, and right groin. During this course of treatment, the cervical lymph 
nodes decreased considerably in size, and the inguinal nodes decreased slightly. 
The liver and spleen did not diminish in size. Following x-ray treatment, the 
leucocyte level ranged between 1,900 and 4,400 cells per cubic millimeter, the 
erythrocyte count dropped to 1,195,000, and platelets virtually disappeared 
from the blood. The patient developed enormous anasarca and died twelve days 
after the last x-ray treatment. In Fig. 8 is illustrated the response of the en- 
larged cervical nodes to x-ray therapy after P”= had failed to produce any im- 
provement. This reduction in the size of the cervical nodes relieved the choiring 
sensation temporarily, but there was no other evidence that the therapy was 
beneficial. Undoubtedly, the dosage of radiation delivered to the involved nodes 
was the detemining factor in this response. This case is presented to emphasize 
that a mass of hmiph nodes which is causing severe discomfort by rirtue of its 
size can be reduced more readily ])y x-ray than by P”. Thus, roentgen radiation 
can be used to supplement radioactive phosphorus therapy when a localized 
effect is needed. 

C. Comparison of Hadioactivc Phn<;phoru'; With Other Forms of Therapy 
Used in the 1 reatmeni of ^lyclorjcnous Tjculccmin. — From the re.sults obtained 
in the treatment of myelogenous leukemia, it appears that radioactive phosphorus 
(1) has not succeeded in curing any patients with the disease, (2) has very little 
effect on the course of patiojits with acute or subacute myelogenous leukemia, 
(3) produces clinical and hematologic remissions roughly'comparable to those 
induced by x-radiation and Fowler s solution in nearly all subjects with the 
ehronie form of the di-^case. .Since the ability of all kmown forms of therapv to 
lu-odncc a cure or to infincncc favorably the acute form of myeloid leukemia’can 



be dismissed 
value can be 
therapy, (2) 
longing life. 

The oral 
produce any 
Patients who 
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from further consideration, compmi’lson of relative therapeutic 
limited to (1) the undesirable reactions produced by each form of 
the completeness of remissions induced, and (3) their effect inpro- 

or parenteral administration of radioactive phosphorus does not 
discomfort in patients and does not cause radiation sickness 
I have previously been treated 'witli x-ray and have had radiation 


Fig. 8. — Response of adenopatliy to x-ray therapy after P^- failed to produce any im- 
provement. A, Lymph node enlargement in a patient vrith myelogenous leukemia following 
P32 therapy. B, Same patient following completion of a course of .\-ray therapy. 

illness are most appreciative of the fact that they can be treated 'without ex- 
periencing this reaction. The principal toxic effects to be avoided are those of 
leucopenia, thrombocytopenia, or aplastic anemia;^® these are reactions ■\vhich 
may also be produced by overdosage with x-radiation or Fowler’s solution. 
There are no toxic manifestations comparable to those frequently produced bj'^ 
Fowler’s solution: gastrointestinal disturbances, exfoliative dermatitis, or 
hepatic damage. We believe that in the treatment of myelogenous leukemia, as 
in polycythemia vera, radioactive phosphorus is the most pleasant form of 
therapy for the patient. 
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Clinical remissions induced by radioactive phosphorus are roughly com- 
parable to those obtained vrith other forms of therapy. Symptoms are often 
completely relieved and most of the abnormal physical signs disappear. Several 
patients (Table 6, Patients 2, 15, and 31) have had remissions of a year or more 
during which their blood showed practieaUy no leukemic changes, their ^ptoms 
were minimal, and no therapy was given. While it is rare to obtain similar 
results with Fowler’s solution unless a maintenance dose of the drug is regularly 
given, comparable remissions are not unusual after x-ray treatment and may 
even occur spontaneously. In an occasional person, relief of joint or deep 
bone pain, or reduction in the size of lymph nodes which may be causing pres- 
sure symptoms, may not be as complete with radioactive phosphorus as with 
x-ray. 

More experience will be required before the conclusion may unequivocably 
be drawn that radioactive phosphorus does or does not prolong the life of 
patients with myelogenous leukemia. It is already obvious, however, that the 
course of the disease is not greatly lengthened. The average duration of the 
disease from onset of symptoms to start of therapy with P^- in the twenty-one 
patients of our series who already have died was 32.6 months; the average dura- 
tion from onset of symptoms to death was 42.4 months or 3.64 years. The 
average length of life during which P^- was administered, therefore, was only 
ten months, but these figures are weighted against the efie'ctiveness of the 
isotope because all patients are included and some lived for only three to ten 
days after the initial injection. Also, some had previously been treated with 
x-radiation and their sensitivity to irradiation may have been decreased. Similar 
figures for the eighteen subjects stiU living should also be given: duration of 
disease from initial symptoms to first treatment with P^-, 15.1 months; duration 
from initial symptoms to Sept. 1, 1945, 31.1 months. Three of these patients 
have now been treated for more than three years and are still feeling well. When 
these data are compared with those published in the literature, however, they are 
not particularly impressive. Wintrobe^®*' foxmd that the average duration of life 
following the onset of symptoms in 259 patients with chronic myelocytic leukemia 
reported by various authors was 3.28 years. Nathanson and Welch^® found the 
median life expectancy for such patients to be about forty months, ilinot, 
Buckman, and Isaacs®®* reported that the average duration of life after the 
first symptom in fifty-two nonirradiated patients with chronic myelogenous 
leuliemia was 3.04 years and in sixty-eight irradiated patients, 3.5 years. In- 
dividuals with the disease not infrequently live for more than five years. It 
appears, therefore, that radioactive phosphorus as it is used now does not greatly 
prolong the life of patients with chronic myelogenous leukemia ; if it is any more 
effective than x-ray in this regard, the difference is measurable in terms of a few 
months and not in years. 

D. Summary and liccommcndcd Method for Administering P” to Patients 
^yith Chronic Myelogenous Lcuhemia.— Our results corroborate the experience of 
previous investigators that in chronic myelogenous leukemia radioactive phos- 
phorus therapy is effective in producing hematologic remission. The improve- 
ment in the blood and bone marrow cytology is accompanied in most cases by 
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striking relief of symptoms and marked impi'ovcment in the abnormal physical 
signs. The treatment does not produce radiation siclcnoss, or any otlier subjec- 
tive disturbances. The data on our patients suggest that radiophosphorus 
therapy is comparable to x-radiation with respect to prolongation of life. 

In view of the extreme variation in the dosage of radioactive phosphorus 
required to bring about a restoration of the blood cytologj" to noimal, no fixed 
schedule of treatment can be emplo 3 ’-cd. Ilowcvcr, the following routine has 
been found satisfactoiy for the first two weeks of thcrain'; 


DAY OF TF.L•AT^^E.^’T 
1 
3 
(! 

10 

M 


DOSAOE I.V JtC. (IXTIMVE.VOL’.S) 
1-2 
0.5-1 
0.5-1 
0.t5-l 
0.5-1 


The weight of the patient, the extent of tlic leucocytosis, and tlic degree of 
bone marrow h 3 qierplasia arc the determining factors in deciding whether to 
emplo 3 ^ the smaller or the larger dosage. After tlie .second week, and at times 
even before then, treatment must lie individualized, depending upon tlie initial 
response. In patients having a vciw high initial Icueoci’te level, a safe procedure 
is to continue to administer from 0.5 to 1.0 millicnries at weekl}' intei'vals until 
the white blood cell level drop.s to approximatel 3 ' 30,000 cells per cubic milli- 
meters. Further administi'ation is then either withhold, or the dosage is de- 
creased and the interval between in.ieetions increased. If the radiophosphorus 
be given orall 3 ’, the above-mentioned doses should be multiplied Iia* 4/3. 

It is not implied that tlic.se recommendations represent the optimum treat- 
ment schedule. The ideal dosage per injection and the most satisfaetoiA’ intenml 
between injections are unknown. This tentative schedule niereh' represents one 
fairly satisfactoiy method of administering radiopho-sphorus. Aetualh', there 
was relativel 3 - little difference in the clinical or liematologic response of those 
patients who received small doses at frequent intervals and those who received 
larger doses at less frequent intervals. Furthermore, one usuall 3 ’^ can safely 
condense the course of treatment so that tlie ]eiicoe 3 'tcs maA’' be loivered to near- 
normal levels AAuthin tivo to tiu'oe weeks rather than within the one to two 
months required Avitli the more coiisei'vativc schedule outlined. Tliei’C is prob- 
ably more danger of depressing eiwthropoiesis and platelet formation, limvei'er, 
when dosage is eoncentrated. 

Several inAmstigators liaA'c ad\'ocated that the amount of radioaetiA'C phos- 
phoms to be given should alAA-a3's be calenlated on the basis of millicnries per 
kilogram of body Aveight. In other AA'oi*ds, an individual AA'cighing 100 kilograms 
should receiA'c exactl 3 - tAA-iee as great an initial dosage as AA’onld be giA*en to a per- 
son weighing 50 kilograms. Althongli lliis is a tlieorcticall3- sound conception, 
in actual practice hod 3 ^ Aveight is of little Amine in determining the dosage for a 
given patient because of Amriation in su.scoptibilit3- of leukemic cells to irradia- 
tion. In the last anah-sis, the optimum total dosage for an3’ patient Avill depend 
on the obserA'ed response of that patient to therapy. 
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Y. u\’:mphatic ueuke:.iia 

The classification of the various tj-pcs of Ijunphatic leukemia is a contro- 
versial subject. This is particularly true of that relatively large group of acute 
leukemias vhich many hematologists classify as leucosarcoma. Recognition^ of 
this particular tj-pc of acute leukemia is by no means universal. The distinction 
has to do uith pathogenesis. If the disease is more closely related to lympho- 
sarcoma than to Tihronic Ijunphatic leukemia, then its de.signation as leueo- 
sarcoma "would seem to be preferable, whereas if the rever.se is true, then acute 
lymphatic leukemia would seem more logical. As the etiology of all forms of 
leukemia i.s unkno-wn, this controversy is of little practical importance. We 
have chosen, however, to use the terms leucosarcoma and acute lymphatic 
leukemia as defined by Wiseman'^' in elassifjdng our own patients. The distinc- 
tion between leucosarcoma and subacute or acute forms of Ijunphatic leukemia 
is made primarily on the basis of the morphologic appearance of the cells in 
supravitally stained preparations.^' 

In order to avoid confusion, both in discussing the literature and in 
analyzing our own cases, we shall consider all tj^aes of h-mphatic leukemia under 
two headings: 1. Chronic and Suhacuic Lymphatic LeuJeemia- and 2. All Acute 
Types of Lymphatic Leukemia Including Leucosarcoma. 

A. r.cvicto of the Literature .- — There are ten reports in the literature dealing OTth the 
therapeutic cITecth-cncss of radioactive phosphorus for Ijinphatio lcukcmia.’-2i r. 8-i0i 
They are based on the study of 120 patients of whom si.vty-four had chronic or subacute lym- 
phatic leukemia and fifty-pis had Pome form of acute lymphatic leukemia (including Icucosar- 
coma) . 

The first ca.»e was reported in Lawrcncets original paper.’ The patient was a girl, 24 
years of age, who fir.=t noticed enlarged cervical lymph nodes in February, 1937. In May, 
1037, the diagnosis of Ij-mphatic leukemia was made, and .she was given x-ray therapy. 
Further x-ray was given in August, and again in October of the same year. Following each 
course of tiiorapy, the leucocyte level fell (to as low as COO colls per cubic millimeter), only 
to rise again rapidly. Toward the end of November .vhe developed ulcerations of the gums, 
a leukemic skin rash, fever, and pain in .'cveral joints. By Dec, 34, 39.37, the white Mood 
coll level had risen to 11G,S00 cells per cubic mniimcfcr, of which 97 per cent were lympho- 
cytes; the hemoglobin was about 50 per cent. Between Dec. 34, 1937, and Feb. 24, 193S, she 
w.as given orally seventeen doses of totaling -14.1 millicurics. The leucocyte level first de- 
crc.nsod to S,.300 colls per cui)ic minimetor, but later ro.=o to 9.3,000 in spite of continued treat- 
ment, Her general condition showed a progressive decline. Bleeding of gums and diarrhea 
occurred; she became comatose and died two day.s after taking the last dose of p32. 

fe'ineo this original report, specific data have been published for thirty-one cases of chronic 
or suhaento lymphatic leukemia and for nineteen c.nscs of the acute forms of the disease. 
Twenty-five of Ihco chronic or subacute cases and si.xfeen of the acute ono.s were included in 
the comprehensive report of Iwf, Tuttle, nnd l..awrcnce.' A summary of the symptoms and 
phy.-icnl signs before nnd after treatment w.as given for all of these patients, but hematologic 
data were suminarired for only two of the acute and eight of the chronic cases. Of the 
twenty-five p.aticnts with chronic lymphatic leukemia, eight had partial nnd one had a complete 
remission; of the siNtcen patients with acute lymphatic Icukcmi.a, only one had a partial re- 
mi-sien and one had a complete remisMon. At the time of the report, ’tliirteen of the patients 
with the chronic form of the disease nnd all bat one of those with (he acute form were dead. 
The authors concluded rudloplin=-,,horH? is a« effecUve in roliering tiie clinical manifestations 
av arc other types of treatment in gener.al u-e. In all eight of the patients with chronic 



Table 9. Summary of Eeports From the Literature on Patients With 
Lymphatic Leukemia Treated With P32 



■■ 


APPROX. 



AUTHOR 


AGE 

INITIAL 



AND 


AND 

W.B.C. COUNT 



reference 


SEX 

(PER C.MM.) 

TREATMENT 

COMMENTS 


Warren2 1 55, M 20,500 


5 injections of Pss 
totalling 9.1 me. 
during period of 
5^/2 months 


Aciite lymphatic Imkemia. When 
patient was first seen he had 
pneumonia, for which x-ray 
therapy was given to the left 
chest; following this, leucocyte 
• level dropped from 118,500 to 
20,500 on day Pas therapy was 
started; 13 days later W.B.C. 
count was 7,300; it remained 
normal throughout the 6 months 
ho was followed; clinical condi- 
tion remained “fair" 


2 68, M 42,550 


3 57, M 126,500 


5 injections of Pas 
totalling 13.1 me. 
during period of 
5 months 


4.0 me. given I.V. 
June 28; 1 me. 
I.V. July 11 


Kenney and 1 38, F 6,000 12.3 me. given in 

associates® 11 doses from 

(89% lym- 4/25/41 to 

phoid cells 5/16/41 

in the bone 

marrow) 

Kenneys 1 Not 20,000 10.1 me. in 12 

given treatments dur- 

ing period of 
120 days 


2 58, M 27,200 9.1 me. in 7 doses 

(from 11/19/40 
to 1/20/41); 
11.2 me. in 6 
doses (from 
3/4/41 to 
4/16/41) 


Low-Beer 1 41, M 1,020,000 12.05 me. in 19 ' 

doses (from 

associatesia 10/25/41 to 

1/16/42); 6.48 
me. in 8 doses 
(from 3/18/42 
to 8/15/42) 


Acute lymphatic Icuhemia. Within 
0 weeks leucocyte level dropped 
to 11,600; it remained at about 
tills level throughout remaining 
3% months of observation; 
K.B.C. level rose but patient re- 
ceived 3 transfusions; when last 
seen, he was still working steady 

Suhacute lymphatic leukemia. 
Total leucocyte count dropped 
to n/lcH on 11th day aft« 
treatment was started; differ- 
ential continued to show 100% 
lymphocytes and bone marrow 
showed 96% lymphocytes 

Loucosarcoma^ Eoentgen therapy 
given prior to P®2 was ineffec- 
tual; Paa was likewise of no 
benefit, and patient died 1 month 
after this treatment was started 

Chronio lymphatio leukemia. Pa- 
tient had just finished full 
course of x-ray therapy but with- 
out complete control of his dis- 
ease; leucocyte level dropped 
to around 10,000, where it re- 
mained,- and per cent of lymphoj 
cytes decreased from around 85 
to about 65% 

Chronic lymphatic leukemia. Fol- 
lowing Ps 2 therapy there was 
virtually no change in either 
leucocyte count or per cent of 
lymphocytes; enlarged lym^h 
nodes and spleen did regress in 
size, and symptomatically pa- 
tient improved mar kedly 

Chronic lymphatic leukemia. With- 
in 1 month after start of P^^ 
spleen and lymph nodes had 
markedly decreased in size, and 
there was pronounced clinical 
improvement ; on 1/30/42 
W.B.G. count was 9,900 and 
R.B.C. level had increased from 
2,960,000 to 5,790,000; when 
last seen (Aug., 1942), patient 
was working regularly as watch- 
man 
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AtSTHOR 

AXD 

bebebence 




APPKOX. 1 



ACE 

INITIAL 


PA- i 

AOT 

W.B.C. count ' 


teext' 

SEX 

(PEBC.ilil.) ' 

TREATMENT 


Low-Beer 

and 

associatesi 2 


COMilEXTS 


60, F 92,400 Not given.; stated 
only that radia- 
• tion level was 

kept at 3,000 roc. 
for 2 months; 
1 month later 
patient was 
given 2.1 me., 2 
months later, 
0.48 me. 


Chronic lymphatic leukemia. Defi- 
nite improvement in blood con- 
dition was observed within 12 
days (connts not given) ; lymph 
nodes and spleen decreased _ in 
size; patient regained her origi- 
nal weight 


Warrenrs 


1 49, M. 


296,000 deceived 18.80 roc. 

orally (7 doses) 
and 17.98 roc. 
l.V. (8 doses) 
between 6/6/42 
and 8/19/45 


Chronic lymphatic leukemia. Leuco- 
cyte level dropped but remained 
elevated; patient had practically 
complete relief of symptoms 
and showed marked regression 
of enlarged lymph nodes, liver, 
and spleen. Patient was able to 
work steady 


lymphatic leukemia for which hematologic data were ^ven, the total leucocyte level showed 
a progresmve lowering toward normal, hot the percentage of lymphocytes decreased by more 
than 10 per cent in only five instances. The leucocyte level in one of the two patients with 
acute lymphatic leukemia for whom hematologic data were given rose from 3,000 cells per 
cubic millimeter before treatment to 6,000 per cubic millimeter three months later; in the 
other patient the white blood cells fell progressively from an initial count of 40,000 to 1,000 
cells nine weeks after the first treatment. In both of these cases the percentage of lymphocytes 
decreased and the relative number of granulocytes increased following therapy. Erf and his 
associates concluded, as they had already done for myelogenous leukemia, that there was a less 
favorable response to therapy with Psz among those patients who had had previous x-radiation. 

Detailed data have also been published by Warren,2> is Kenney and his associates,®, s 
and by Low-Beer, Lawrence, and Stonem for six other patients .with chronic lymphatic 
leukemia and three with acute lymphatic leukemia. Brief summaries of all these cases are 
given in Table 9. 

Craver" treated eleven persons with chronic lymphatic leukemia and thirteen with 
acute lymphatic leukemia; no data were recorded for any of these patients. Most of the 
eleven patients with chronic lymphatic leukemia were well along in the course of their disease 
and had prerioosly been given x-ray therapy. In only three, or possibly four, of the cases 
was there evidence that the disease was controlled by Psz therapy. The dosage for those 
patients who were treated for any considerable period of time varied from 0.15 to 0.33 
millicuries per kilogram of body weight. Graver concluded that the favorable effects seen in 
chronic lymphatic leukemia were mainly the regression of enlarged lymph nodes and spleens; in 
general, the blood and bone marrow were not notably influenced. Of the thirteen patients with 
acute lymphatic leukemia, two were adults and eleven were children. No benefit from adminis- 
tration of P3: was observed in either of the adults or in any of the nine children who had 
died. Two children were still living at the time of the report. In one of these there bad been 
a flight effect on the size of lymph nodes. Tlie other child had been under treatment for four 
months and showed a remarkable remission. Details concerning the remission were not given, 
hut at tho end of the four-month period a relapse occurred, 

Kenneys treated eight children with acute or subacute lymphatic leukemia (the number 
in each catagory was not stated, and in making our analysis we put them all in the acute 
group as all were children and all but one died within four weeks). No data were given for 
nay of these patients, but analysis of the resolts of treatment led Kennev to conclude that; 
“Radioactive phosphorus therapy has to date been no more effective in the ncute or subacute 
leukemia of childhood than has any other form of radiation therapy; i.e., had no value at all.” 
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Eight adults with clironic IjTuphatic leukemia wore also treated with Psz by Kcnae/.z A 
case history was given for one patient and hematologic data and therapy were presented in a 
chart for a second patient; both of these cases are summarized in Table 9. From his experi- 
ence in the treatment of these eight patients, Kenney drew tlie following conclusions: (1) 
Eadioactive phospliorus should bo administered cautiously to patients with aplastic or in- 
filtrated bone marrow; (2) it has not been cirectivo in patients who Iiare become radiation 
fast; (3) it reduced the enlarged lymph nodes in four patients and reduced the spleen in 
three patients; (4) tlio leucocyte count was decreased in one of eight patients; (5) the 
proportion of lympliocj’tes in the diifercntial count was altered in one of eight patients; (6) 
symptomatically, five of the eight patients were improved; (7) there was no radiation sickness. 

The effect of Pzz on four patients with chronic lymphatic leukemia was analyzed by 
Fitz-Hugh and Hodes,zo but again no data •were given. Two of tlio four patients with chronic 
lymphatic leukemia obtained good remissions, and one was still in excellent condition a year 
later. One very ill patient died shortly after the first administration, and the last patient had 
only recently been started on treatment at the time of the report. None of the four patients 
with acute Ij-mphatic leukemia was benefited by radioactive pliosphorus therapy. 

The last report was that of Warrcn,aa who studied twch-e cases of chronic and subacute 
lymphatic leukemia and twelve cases of tho acute form of the disease. The only one for 
which data were given is summarized in Table 9. Five of eight patients with chronic lymphatic 
leukemia, one of four with subacute lymphatic leukemia, and three of twelve with acute 
lymphatic leukemia were “helped.” It is interesting that Warren reported a better response 
to therapy with Paa in those patients who had previously received roentgen therapy than in 
those who had received no x-ray; seven of eleven in the former group were “helped,” whereas 
only two of thirteen in. the latter group were benefited. 

In summary, there is agreement among most of these investigators that Pzz is effective in 
tho majority of eases of chronic Ijunphatic leukemia in (1) restoring tho leucocyte count to 
near normal levels, (2) reducing tho size of enlarged lymph nodes and spleen, and (3) causmg 
temporary amelioration of symptoms. Only- three reports present sufllcient data to permit com- 
parison of tho relative effectiveness of this form of therapy in chronic lymphatic leukemia 
and in myelogenous leukemia. Erf and nssociatesz observed five complete remissions among 
forty-six patients treated for chronic myelogenous leukemia, whereas only one complete re- 
mission occurred among tiventy-fivc patients with chronic lymphatic leukemia. Furthermore, 
although a fall in the leucocyte level to near-normal values was fairly constant in both groups, 
a significant rise in the erythrocyte level occurred more frequently in the myeloid group. 
Graver, r after treating eleven patients with each typo of chronic leukemia, concluded that a 
favorable effect of Pas on the blood cytology was more constant in tho chronic myeloid group. 
On the other hand, Warrems reported that 03 per cent of his patients with chronic lymphatic 
leukemia w'ero helped by treatment, but only 47 per cent of the patients with chronic myelo- 
genous leukemia were benefited. 

B. AnaZi/sis of Results Obtained in Treating Forty-Five Patients WiH^ 
Lymphatic Leukemia. — Tliirty patients with chronic or subacute lymphatic 
leukemia and. fifteen patients with leucosarcoma (or acute Ijunphatic leulremifi) 
have been treated with radioactive phosphorus. Of the patients in the former 
group, sixteen have died and fourteen are still living ; all fifteen patients in the 
latter group have died. 

1. Chronic and Subacute Lymphatic Leukemia: The same laboratory tests 
were done on these patients as on the subjects with chronic myelogenous 
leulcemia. All persons with chronic lyunphatic leukemia seen in this clinic in the 
last three and one-half years, except those who could not return for frequent 
follow-up visits, were treated mth and included in this series. The average 
duration of symptoms at the onset of therapy xvith nineteen months; 
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four of the patients had had specific symptoms referable to their leukemia for 
three years or longer. Thus, on the average, the duration of symptoms vras 
shorter for this group of patients than for the group having myelogenous 
leukemia. 

Hematologic and therapeutic data are summarized in Table 10. Twenty-one 
of the patients were men and nine were women. Only ten had had any other 
therapy prior to in eight of these eases the previous treatment included 
roentgen radiation. In four instances, x-radiation had been administered with- 
in one to three months prior to the first injection of 

The initial leucocyte count was above 15,000 cells per cubic millimeter in 
twenty-four patients, between 15,000 and 4,000 in five, and below 4,000 in one. 
Seventeen of the thirty patients had an initial anemia of less than 4,000,000 cells 
per cubic millimeter, and in fourteen instances platelets were less than 300,000 
per cubic millimeter. 

As with other blood dyserasias, there was considerable variation in the 
dosage of radioactive phosphorus required to restore the total leucocyte count to 
approximately normal levels. Of the twenty-four patients whose total leucocyte 
level was originally above 15,000 cells per cubic millimeter, twenty showed a 
restoration to normal values. The total dosage required to restore the leucocyte 
count to approximately normal varied from 1.6 to 11.2 miUicuries; fourteen of 
these twenty patients received less than 6 miUicuries. Thus, the average dosage 
was somewhat smaller than in the group of persons ^vith chronic myelogenous 
leukemia. 

Twenty-four of the thirty patients showed a significant increase in the per- 
centage of granular cells and a decrease in the percentage of lymphocytes in the 
blood following administration of P’-. Five who did not show this change had 
a poor clinical response to therapy; the sixth patient had a normal differential at 
the time P” was first given (the diagnosis was based on the presence of a 
leucopenia and the characteristic bone marrow changes of chronic lymphatic 
leukemia) . 

The erythrocyte level increased by more than a million ceUs per cubic 
millimeter in only one of the twenty-three subjects who had received no trans- 
fusions. Six patients who were given tran-sfusions showed a progressive fall in 
the erythrocyte level after treatment. The platelet count was less than 300,000 
per cubic millimeter at the onset of P’- therapy in fourteen patients; in three 
instances the thrombocyte level rose above 400,000, but in no case did it rise as 
high as 500,000 per cubic millimeter after therapy. Thus, the improvement in 
the crj*throc\-tc and platelet levels which occurred so frequently following treat- 
ment of myelogenous leukemia was rarely oliseiwed in indirndiuils with lymphatie 
leukemia. 

Ten patients ha^e been followed for a year or longer since the leucoevto 
level was originally restored to normal. In no case was the remission .sufficien’tlv 
complete of prolonged so that the individual remained in remission for a year 
or more without further treatment. The dosase of P^= admini.stered durin'-'this 
first "post-remission” year varied from 1.4 to IP.O miUicuries. Five of "these 
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20 
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3.24 

10.7 

480,000 

' 

19 

39, 

M 


23,900 

4.40 

13.4 

290,000 

46 

49 

5.667 

10 

10,550 
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m Chronic Lymphatic Leukemia 
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patients have been followed for two yeare following tlie initial hematologic re- 
mission, and all but one of these received further therapy (8.4 to 13.0 millicuries) 
during the second year. Only one person lias been under obsenmtion for a 
third year ; she received 10.8 millicuries during this period. , 

The effect of on the s3TOptomatologj' of chronic Ijmipliatic leukemia is 
shovTi in Table 11 (see Appendix Table 4 for complete tabulation). Wlien first 
seen in our clinic, a good many of these patients had no complaints other than 
wealoiess and fatigability and enlargement of IjTOph nodes. Wealeness and 
fatigability were completely or partiallj’’ relieved in 78 per cent of individuals 
having these complaints; .22 per cent showed no significant improvement. 
Approximately one-half of all the sjnnptoms encountered were completely re- 
lieved in at least 50 per cent of the patients. Not a single patient experienced 


TAB1.S 11. Thirty Patients With Ghronio Lymphatic Leukemia — Symptomatic Eesponse 

TO P32 TlIEItAPy 


SYMPTOM 

NUMUEU OF 
PATIFNTS %YIIO 
HAD SYMPTOM 

AT ONSPT OF 
THEnAPY 

% or patients 
completely 
RELIEVEP OF 
.SYMPTOM 

^ OF PATIEKTf 
PAPTIATAA' 
nETAFA'ED OF 
SYMPTOM 

Yc OF patients 
unimproved 

OR 

worse 

Weakness and fatigability 

27 

41 

37 

22 

Pounding in head 

1 

0 

0 

100 

Dizziness 

G 

33 

0 

07 

Ds'spnea on e.Yortion 

• 9 

44.5 

44.5 

11 

Palpitation 

3 

07 

0 

33 

Headaches 

4 

50 

0 

50 

Spontaneous bruising 

3 

67 

0 

33 

Bleeding from nose or gums or 5 

vagina (excessive) 

40 

0 

60 

Bloating, dyspepsia 

5 

0 

40 

60 

Nausea and/or vomiting 

1 

0 

0 

100- 

Anorexia 

9 

0 

55.5 

44.5 

Abdominal pain 

3 

G7 

0 

33 

Cough 

3 

67 

33 

0 

Pain in extremities 

4 

75 

0 

25 

Soreness of gums 

2 

100 

0 

0 

Excessive sweating 

5 

40 

0 

60 

Swelling of legs or genitals 1 

100 

0 

0 


Table 12. Thirty Patients With Chronic Lymphatic Leukesiia — Changes in Physical 

Signs Following P32 Therapy 


SYMPTOM 

NUMBER OP 
PATIENTS WHO 
HAD 

ABNORMAL 
PHYSICAL SIGN 
AT ONSET OF 
THERAPY 

% OF PATIENTS 
IN WHOM AB- 
NORMAL FINDING 
COMPLETELY 
DISAPPEARED 
AFTER THERAPY 

% OF PATIENTS 
IN ^Y^OM 
ABNORMAL 
FINDING PAR- 
TIALLY 
' SUBSIDED 

% or patients 
IN WHOM 

there was 

NO 

improvement 

Fever 

3 

0 

0 


Tachycardia 

7 

0 

14 


Peteehiae or 1 skin 

8 

62.5 

0 


ecchymoses ( mucous membranes 4 

75 

0 


Enlarged lymph nodes 

29 

10 

55 

35 

Splenomegaly 

24 

21 

58 

21 

Hepatomegaly 

16 

37.5 

25 

37.5 

Systolic cardiac murmur 

10 

0 

20 

80 

Edema of extremities 

2 

50 

50 

0 

Ascites 

1 

0 

0 

100 
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complete relief of bloating, dj'spepsia; or anorexia. In general, the symptomatie 
response to therapy was not as favorable as in the myelogenous leukemia group. 

The effect of therapy on the abnormal physical signs is summarized in 
Table 12 (see AppendLx Table 5 for complete tabulation) . Hemorrhagic mani- 
festations and edema of the extremities were the only two physical signs which 
disappeared entirely in as many as 50 per cent of the patients. An enlarged 
spleen became no longer palpable in only 21 per cent of the patients. Enlarged 
lymph nodes became no longer palpable in only 10 per cent, but in another 
55 per cent there was some diminution in their size. In Fig, 9 arc shown photo- 
graphs of one of the patients before and after therapy ; the reduction in size 
of the cervical nodes following treatment is clearly nsiblc. This patient was 
one of the 55 per cent in wliom nodes diminished but never returned to normal 
size. 



A. 


52-year-oia man, with chronic Ijmphatic leukemis 


A, Cervical 
months after 
given within 
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In some patients the reduction in the size of the lympli nodes and spleen did 
not occur until many months after therapy with was started. Patient 13 
(Table 10) is a good example of this. Seven days after the onset of treatment, 
the IjTiiph nodes showed little change in size ; shortly after this they began to 
increase in size in spite of the fact that treatment was continued. On the foui- 
teenth day of therapy (at which time the patient had received 4.1 millicuries 
of P^=), the lymph nodes in the neck and axilla were approximately 50 per 
cent larger than they had been initially. About a month later, following con- 
tinued treatment, they began to recede, and two months latei’ they were approxi- 
mately one-half their original size. 

In Patient 14 the ceindcal and axillarj- nodes were as large as 2 and 3 cm. 
in diameter, respectively. At first they decreased slightly in size, but later, even 
though administration of P^* was continued, the nodes again enlarged. Seven 
months after the beginning of therapy (total dosage, 10.9 millicuries), they were 
somewhat larger than they had been originally. At this time the lcucoc}i;e count 
had been normal for six montlis. The patient was then given, within a period of 
six days, 800 roentgen units of x-ray to each side of the neck and 400 roentgen 
units to each axilla. One month later the nodes had decreased about 50 per cent 
in size. It is now eighteen months since he was treated with the x-radiation. 
He has received no further therapy, is still working regularly, and is feeling 
fairly well. Unfortunately, we have not been able to persuade him to return 
to the clinic, and the present size of the nodes is unloiown. Unquestionably, the 
lymph node enlargement responded more satisfactorily to x-radiation than to 

p32 

Similarly, Patient 18 had tremendous splenomegaly which was totally un- 
affected by 13.1 millicuries of P^" given over a period of three months; the 
splenic measurement subsequently decreased from 25 cm. to 19 cm. below the 
costal margin following direct x-ray therapy to the spleen (two treatments of 
400 roentgen units each) . Bloating, belching, and anorexia remained prominent 
symptoms throughout the course of her illness. 

The chief complaint of Patient IT w'as soreness of the mouth and tongue. 
He had three firm, elevated, sharply demarcated plaques on the tongue; these 

January, 1943, the blood cytology was within normal limits. He felt well until April, 1943, 
when the lymph nodes began to enlarge, and the spleen increased in size (measnred 11 cm. 
below the costal margin). The leucocyte level rose to 43,300, with 78 per cent lymphocytes. 
At this time he felt very weah, had no appetite, and complained vi pains in the legs and upper 
abdomen. Further F32 therapy was given, and again the symptoms subsided as the blood 
cytology returned to normal. He remained essentially asymptomatic until December 1943, 
when he had “the flu.” Wealmess returned, gums became sore, lymph nodes enlarged, and 
numerous petechiae appeared on the trunk. By January 17, 1944, the leucocyte level was up 
to 67,000 (85 per cent lymphocj-tes) and the platelet count was 66,000. i>32 therapy was 
intenaitied; the leucocyte returned to normal, but the platelet level dropped to between 50,000 
and 15,000. He complained of pains in the back, legs, and left upper quadrant and had 
numerous petechiae and an occasional epistaxis. In April, 1944, he began to feel progressively 
stronger; all bleeding manifestations and other symptoms disappeared. He has remained es- 
sentially asymptomatic until the present (October, 1945). The lymph nodes on Oct. 31 
1945, were as large as 2 cm. in diameter; the spleen was felt just at the costal margin 
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Fig. 11. — Chronic Ij'mphatic leukemia. Kespon.ve (o Ps: tlicrapj’. 


Case Summary. — J. J., a man 58 years of age, developed ivoakncss and fatigability i 
August, 194r2, and these symptoms beeamo progressively more severe. In October, 1912, h 
began to have aching pain in the loft upper quadrant of the abdomen. Between June ani 
November, 1942, be lost twelve pounds in weight. Tlierc were no otlier sj’mptonis. He hai 
been a coal miner for almost forty years. 

Physical Examination: Patient’s hair was white and he looked older than his statC' 
age. There was moderate enlargement of the cervical, axillarj', and inguinal Ijanph node 
(largest nodes, about 1.5 cm. in diameter). Tliero ivore minimal changes of pulmonar 
emphysema. The spleen extended 8 cm. below the costal margin; tlie liver was not palpabh 

Laloratory Delta: Blood counts (Oct. 29, 1942): leucocytes, 40,300; erytlirocytei 
4,060,000; hemoglobin, 9.4 Gm.; reticulocytes, 3.2 per cent; platelets, 382,000; differential 
mature lymphocytes, 79 per cent; immature lymphocytes, 2 per cent; segmented polj-morphc 
nuclear neutropbilcs, 11 per cent; stabs, 4 per cent; eosinophiles, 2 per cent: juveniles, 1 pe 
cent; monocytes, 1 per cent. The sternal bone marrow (Nov. 2, 1942) was hjiicrplastic 
74 per cent of the white cells 5vere Ij-niphocytes, and there were only 10 nucleated red cell 
per 100 white cells. Urinalysis was negative. The Kahn reaction was negative. 

Course. About one week after initial injection of pse the patient began to feel stronger, 
and three weeks later he was almost entirely symptom-free. Two months after treatment was 

(OoHtinue^ on opposite po-pe,) 
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Avere thought to have been caused by leukemia infiltration. He also had a sc\cic 
infection of the gums with Vincent’s organisms. The gingivitis healed, and the 
plaques entirely disappeared following P’* therapy. However, it is likely that 
extraction of all his teeth and local treatment with hydrogen peroxide mouth- 
Avashes and gentian violet applications AA'crc more important than the radio- 
active phosphorus in bringing about this improvement. 

Two patients (Patients 12 and 13) had extensive skin eruptions diagnosed 
clinically and pathologically (.skin biopsies) as leukemia cutis. In both instances 
the sldn lesions improA'cd markedly but did not di.sappear entirely folloAA'ins 
administration of P'-. Patient 12 has had several subsequent exacerbations 
followed by subsidence of the itching eruption. 

Mention should be made of Patient 22, Avho Avas the out.standing example 
in this group of the complete failure of radiophosphorns therapy. This patient 
was a houscAAife. 53 years of age, aa’Iio had had Avcaknc.ss and fatigability for 
seven, years. For six months she had noted progressiA'c Aveakness, progressiA'e 
swelling of the abdomen Avith bloating, and marked anorexia. There were 
several bruises and petechiac scattered over the tvAink; there Avas slight enlarge- 
ment of the axillary and inguinal lymph nodes; the spleen measured 17.5 cm. 
below the costal margin and the liver 9 cm. (mid-claA-icular line). The total 
leucocyte count was 310,000 cells per CAibic millimeter; 99 per cent of these were 
lymphocA-tes. The erj'throej'te Ica'cI was 3,300,000; hemoglobin, 10.9 grams; 
reticulocytes, 8.0 per cent; and platelets, 152,000. The sternal bone marroAv con- 
sisted of dense clumps of cells, 92 per cent of AA*hich Avere 1 j-mphoeytes ; prac- 
tically no nucleated red blood cells were seen. The basal metabolic rate was 
■;-35 per cent. 

She was given 6.7 millicuries of radiophosphorus over a period of thirty-one 
days, together with five blood transfrusions. There Avas no improvement in any 
of her symptoms, and she soon began to bleed from the gums and vagina and 
into the retinae. The spleen increased slowly in size. The leucocA-te level slowly 
increased, and at the time of death from a cerebral hemorrhage forty-nine days 
after treatment was started, the leucocyte count was 390,000 cells per cubic 

started he was able to return to work in the coal mines (shoveling coal eight hours a day). 
At this time the lymph nodes were approximately half their former size, and the spleen now 
measured only 4 cm, below the costal margin. The patient had gained twelve pounds in 
weight. 

He continued to he asymptomatic until July, 1943, when he developed in the right 
hip; at times this was accompanied by severe cramping pain.s in both thighs and calves. 
These pains cleared up spontaneously about two months later. Throughout the winter of 
1943-1944 he felt quite well and continued to work regularly. In February, 1944, however, 
the lymph nodes and spleen began to enlarge; by April, 1944, the spleen measured 11 cm! 
below the costal margin. Toward the end of April he began to tire more easily, and numer- 
ous petechiao appeared. In July he became dizzy and began to have nose bleeds. These 
symptoms persisted, and in January, 1945, he had to quit his job. About this time he began 
to have severe pains in both shoulders and arms; an x-ray of the cervical spine revealed ad- 
vanced osteoarthritis. From January to November, 1945, he continued to have intermittent 
fatigaVility, petechiae, nosebleeds, oozing from the gums, and occasional pains in the shoulders 
Md lups. On November 17, 1945, the spleen measured 16 cm. below the costal margin. 
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Table 13. Hematologio Data on Fifteen Patie.vts TThh 
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*X-R =: X-ray therapy; S = sulfatlilazole ; T = transfusion; Fo = Fowler’s solution. 

•■If the total leucocyte count bec.ame progressively more abnormal during the period of tjwW 
the counts given in theso columns represent the last counts prior to the terminal rapid rise (it leutiA/ 
sis) or fall (if leucopenla) of leucocyte count. 

millimeter, of wliich 99 per cent were ]ymp]iocytes. Post-mortem examination 
revealed the usual lesions of Ijunphatic leukemia in the liver, in the spleen, and 
in all lymph nodes studied and extensive replacement of the bone marrow b} 
lymphocytes. Only a fetv scattered foci of myelopoiesis and erytliropoiesis were 
found in the marrow. The %'iscera were studded with petecliiae, and there was 
extensive hemorrhage both into the ventricles of the brain and into the sub- 
arachnoid space. This case illustrates the fact that no benefit can be anticipated 
from P^^ therapy in patients when the normal marrow tissues have been exten- 
sively and irreparably destroyed. 

Two patients with chronic lymphatic leukemia w'ho responded in a charac- 
teristic manner to therapy with P^= are illustrated in Figs. 10 and 11. In both 
of these patients a hematologic remission was obtained, and sjTnptoms were 
ameliorated following treatment. 

2. Leucosarconia or Acute Lymphatic Lcithemia: Of the fifteen patients 
with leucosareoma included in this study, six were men and nine were women; 
all of them have died. The duration of symptoms prior to therapy with P” 
varied from one to sixteen months (excluding Patient 13, in whom the duration 
was uncertain) ; the average duration was five months. 

Five of the patients had had previous x-raj^ therapy. In Patient 3 (Table 
13) this had produced no symptomatic improvement of any sort. In two other 
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'T =: Transfusions. The figure Indicates the number of transfusions given. 

‘‘Diagnosis of leucosarcoma was made on the basis of bone marrow examination (50% leucosar- 
;oma cells). 

'Duration of lymphosarcoma. 


instances, s-radiation had been followed by marked s>Tnptomatic improvement 
lasting one month (Patient 1) and five months (Patient 5). The fourth patient 
(Patient 11) was asymptomatic and was treated with x-radiation solely because 
he had developed enlarged nodes in the neck; following treatment these nodes 
decreased somewhat in size. The last of these patients (Patient 13) was a 
physician who had a remarkable history. Eight years prior to the time we first 
saw him he noted enlarged lymph nodes in the axillae and inguinal regions. 
A biopsy was performed in another city, and the diagnosis of lymphosarcoma 
was made.® X-ray therapy was given, and the lymph node enlargement com- 
pletely disappeared. The patient remained subiectively well until four and one- 
half years later when he developed a lump in the left upper quadrant which was 
thought to be spleen. X-radiation was followed by complete disappearance of 
the mass. On both of these occasions repeated blood studies revealed no cytologic 
abnormalities. "When we first saw the patient he stiU had perfectly normal 
leucocjde, erythrocyte, and differential counts; the diagnosis of leucosarcoma 
■was established when 50 per cent of the cells in the sternal marrow were found 
to be leucosarcoma cells. Terminally, marked anemia, thrombocytopenia, and a 
moderate leucocytosis occurred; 99 per cent of the cells in the peripheral blood 
were leucosarcoma lymphocytes. 


TT- lyropb node sections were studied by Dr. Robert Moore Professor of 

Washington University School of Medicine, who confirmed the aagnosiS^ Pathology, 
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JB 9, 39 yrs of oqe Lcucosorcomo 



Pig. 12. — Leucosarcoma. Response to tlierapy. 


Case Summary, — J, a housewife, 39 years of ago, first noted nioderate fatigability 

in July, 1942; this progressed very slowly. In October, 1942, the ankles began to swell and 
she noted that she was becoming pale. In January she had bleeding of the gums, but Has 
lasted only a few days. On March 9, 1913, she developed a severe sore throat with chills 
and fever. She was given sulfathiazole. Severe sore throat and high fever persisted. She 
became progressively weaker, and during the month of Jlarch she lost ton pounds. IVe fust 
saw her on April 2, 1943. 

Physical Examinatiem: Tho patient was pale and listless. There were several large 
purpuric spots on the right thigh. The tonsils were large and fiery red, and there was a 
gray ulcerated area on the left tonsil. Small shotty nodes ranging up to 1 cm. in diameter 
were felt in the neck and both axillae. The spleen extended IS cm. below the costal margin. 
A small amount of blood was seen coming from the cervical os. 

Laboratory Data: Blood counts (April 2, 1943): leucocytes, 439,000; erythrocytes, 
2,350,000; hemoglobin, 7.8 6m.; reticulocytes, 1.0 per cent; platelets, 216,000; differential: 
97 per cent typical leucosarcoma cells. The sternal bone marrow was hy'perplastic, and 95 
per cent of the white blood cells were leucosarcoma cells; 10 per cent of these were in mitosis. 
Fifteen normoblasts and 9 erytliroblasts were seen per 100 myeloid cells. The urine was 

(Continued on opposite page.) 
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Table, 14 Akala-sis of Symptomatic Eespokse to Thepapy of Five Patients IIitii 

Leucosap.coma 


PA' 

riENT 


12 


15 


SYMPTOM BEFOr.E r3= 
TIIEP.APY 


M,\XIMCM IMPP-OVEMENT 
IN SYMPTOMS 


Profound u'cakncs?, 
severe soreness of 
gums, chills, anorexia 
Severe sore throat, 

marked malaise, chills 
and feverishness, slight 
weakness 

Ifarked weakness, pro- 
fuse sweating, chills, 
moderate dyspnea and 
anorexia 
Marked weakness and an- 
orexia, severe pain in 
extremities, chills and 
feverishness 

Marked weakness, dysp- 
nea, anorexia, severe 
pain in extremities, 
moderate cough and 
I pain in chest 


Anorexia disappeared en- 
tirely; all other sj-mp- 
toms improved 
All sj-mptoms completely 
relieved 


All symptoms completely 
relieved except weak- 
ness 

Pains in extremities com- 
pletely cleared up and 
all other symptoms les- 
sened in Severity- 


DUr-ATION OF 
SVMP- 
TOM.VnC 
r.F.MIS.SIONS 

OTIIEP. THEPAPY 

2 wit. 

Blood transfusions 

.3 wk. 

One tran.s fusion; .‘De- 
vore pharj-ngitis 
and tonsillitis 
treated with peni- 
cillin 

2 ino. 

Transfusions; left 
lower lobe pneu- 
monia was treated 
with sulfadiazine 

3 wk. 

None 

1 wk. 

Sulfadiazine, codeine, 


six transfusions 


Various dosages of radioactive phosphorus tverc tx-ied in the treatment of 
these patients. As noted in Table 13, the total dosage administered ranged from 
2.7 to 25.8 millicurics; the was usually given in relatively small amounts 
(0.5 to 1.0 millicurics) at fairly frequent inter\-als (once every two to five days) . 
Since many of the patients had either normal leucocjie levels or a leucopenia 
when therapy was started, the white blood cell count was of little value as a 
guide to therapy. An attempt was made to regulate the dosage by serial bone 
marrow studies. Treatment was temporarily discontinued whenever a pre- 
cipitous fall in the erythrocyte or thrombocyte levels occurred. 


negative. Kahn reaction, negative. A swab from the throat revealed tremendous numbers 
of A’^incent’s organisms. On throat culture, the predominating organism was a pneumococcus. 

Course: On April 4, 1943, sulfadiazine therapy was resumed (patient had been off 
the drug for three days) ; the sulfadiazine blood level was maintained between 5 and 10 mg. 
per cent for the next week, after which the dosage was decreased to 0.5 Gm. four times a day 
for another two weeks. P32 therapy was also started on April 4, 1943. The patient began to 
feel stronger about April 9, and the temperature gradually dropped until April 14, when it 
became normal. The spleen decreased in size, and on April 16 it measured 12 cm. below 
the costal margin. Her throat continued to be sore until April 25. Her strength gradually 
improved until about May 15, 1943, at which time she stated she felt perfectly well. She 
continued to be entirely asymptomatic until September 1. On June 10, 1943 the spleen ex- 
tended 4.5 cm. below the costal margin. Early in September she again began to feel tired. 
About Sept. 9, 1943, she developed coryza, a cough, and pain under the sternum; she was 
again given sulfadiazine. These symptoms subsided, but early in October she developed in- 
creasing weakness, pain in the back, diarrhea, swollen tender gums, and fever. On Oct. 12, 
1943, the diagnosis of right lower lobe pneumonia was made, and patient expired on Oct. 14, 
1945. At post-mortem examination there was marked infiltration of all organs examined 
(except the pancreas) vriih. leucosarcoma cells. 
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Fig. 13. — Leucosarconia. Hematologic response to therapy. 


Case Summary. — B., a housewife, 37 years of age, fir.st noted moderate fatigability 
in August, 1942. This did not progress until February, 1943, wlicn site became rapidly weaker 
and the ankles began to swell. Site was hospitalized on March 7, 1943. Physical examination 
was negative except for pallor and a low-grade fever. The total leucocyte count was 1,000 
cells per cubic millimeter; eiythrocytcs, 1,600,000; and platelets, 100,000. The bone manoff 
was found to be hyperplastic, and 94 per cent of the cells in the marrow were leucosarconia 
cells. She was given eleven blood transfusions and was discharged May 23 without any other 
therapy. She was readmitted Jul}* 26, 1943, because she had developed a large pefireetal 
abscess. She was too weak even to sit up in bed. 

Physical Examination: The skin was strikingly pale. There was a large, red, hot, 
exquisitely tender area just to the left of the anus. There were no petechiae or ecchymoses, 
and the lymph nodes, liver, and spleen wore not palpable. 

Lahoratopi Data: Blood (August 10, 1943) : leucocytes, 1,600; erythrocytes, 3,350,000; 
heinoglobin, 12.0 Gm.; reticulocytes, 1.8 per cent; platelets, 116,000; dilFerential : polymorpho- 
nuclear neutrophiles, 10 per cent; stabs, 9 per cent; monocytes, 2 per cent; adult, Bmail 
lymphocytes, 18 per cent; leucosarcoma cells, 62 per cent. A second sternal bone marrow ex- 
ammation revealed 87 per cent leucosarcoma cells. 

uTofa ««tal abscess was incised and sulfamerazine therapy was started on 

g. , 19 3. She received six blood transfusions. On August 10, therapy with radioactive 

(Oofitittued on opposite page.) 
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The cytologic changes in the blood following radiophospliorus therapy arc 
summarized in Table 13. The leucocyte level dropped in all patients except two 
who initially had marked Icucopcnia. In the latter two instances^, the leucocyte 
level increased progressively (to normal in Patient 4 and to 35,000 cells per 
cubic millimeters in Patient 8). All of these patients except one (Patient 10) 
received blood transfusions, in spite of which the erythrocyte level slowly fell 
in all but two. Nine of the subjects had an initial thrombocyte level of less than 
300,000 per cubic millimeter; in all fifteen patients the platelet count was 
below 100,000 per cubic millimeter just prior to death, and in every instance 
but one the level was considerably lower than the pretherapy figure. 

Eight patients in this group showed no significant improvement in any of 
their symptoms following therapy with P^-, and in most of them there was a 
rapid progression of all symptoms. In seven patients there was definite 
symptomatic improvement; four of these individuals became almost entirely 
symptom-free. However, in all but two the remission was of brief duration and 
could well have been due to transfusions, chemotherapy, bed rest in the hospital, 
or psychologic factors. The s}Tnptomatic responses of the five patients who had 
very brief improvement are analyzed in Table 14; the two patients who had 
more prolonged symptomatic remissions are not included in this table, as data 
on these individuals are given in detail in Figs. 12 and 13. Even in these 


phophorns vras instituted. One month later, at a time when the patient had received 5.78 
millicuries of radioactive phosphorus, the total white count was 659; only 20 per cent of 
these were leucosarcoma cells, whereas prior to treatment 62 per cent of the cells had been 
leucosarcoma cells. In spite of the profound leueopenia, the patient felt considerably stronger 
and the fever began to subside. During the next two weeks elinical improvement was pro- 
gressive, weakness disappeared, and appetite became tremendous. She was discharged from 
the hospital seven weeks after treatment was started, at which time the total leucocyte 
count was just beginning to increase. Twelve weeks after treatment was started the total 
leucocyte count was 5,500 and less than 1 per cent of the cells in the peripheral blood were 
abnormal lymphocytes which we classified as leucosarcoma cells. A third bone marrow ex- 
amination was done on the forty-sixth day of treatment, at a time when the total leucocyte 
count was only 1,200. The marrow showed a striking increase in myeloid and erythroid cells, 
and only 20 per cent of the cells were of the lymphoid series. Treatment was continued 
for three and one-half months; 11.9 millicuries of radioactive phosphorus were given. By 
this time the total leucocyte count, the differential, and the platelet count were all perfectly 
normal, and the red blood cell count had come up to 3,900,000 per cubic millimeter, with 13.6 
Gm. of hemoglobin. The patient received no further therapy and the blood counts remained 
within normal limits for a period of five and one-half monUis. The white count then began 
to fall progressively and her symptoms returned; a second course of treatment was begun 
in August, 1944. She again improved symptomatically but the leucocyte count did not rise. 
She continued to have periods of relative freedom from symptoms alternating with periods 
of weakness, anorexia, and bleeding from the gums. She received occasional blood trans- 
fusions as indicated in the chart. In April, 1945, concomitant with a rise in the leucocyte 
count, she became weaker, began to bleed from the gums, and developed diarrhea, cramping 
abdominal pain, fever, and an abscess on her buttock. On May 17, 1945, sulfadiazine therapy 
was started. In June, 1945, extensive ecchymoses appeared over her body. The symptoms 
fluctuated in severity until July, 1945, when she became rapidly worse with increasing fever, 
anorexia, nausea and vomiting, and pain in the chest. She was found to have bilateral 
bronchopneumonia. On July 25, 1945, the spleen was palpable for the first time. She expired 
Aug. 9, 1945, exactly two years after treatment with B3= was started. 
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latter two instances where prolonged symptomatic and hematologic improve- 
ment occurred, other therapeutic measures were employed which cei’tainly ac- 
counted for some of the improvement noted. 

The changes which occurred in the physical signs following administration 
of can he summarized very bric^lJ^ Of the fifteen patients, seven had 
ecch3Tnoses or petechiae in the sldn when fii'st seen ; in two of these individuals, 
this manifestation became much less marked and in the other five there was no 
improvement. Two individuals showed hemorrhages in the mucous membranes 
and retinae; these disappeared in one and hecame steadily worse in the other. 
Eleven patients had enlarged Ijunph nodes; these became no longer palpable . 
in one patient and decreased in size in the other ten. Eleven subjects had an 
initial splenomegaly; the spleen became no longer palpable in one, decreased in 
four, and increased progressively in the other six. Hepatomegal}", originally 
present in six patients, showed .slight improvement in three and no diminution 
in- the other three. 

0. Comparison of Radioactive Phosphorus With Other Forms of Therapy 
Used in the Treatment of Lymphatic Leuhemia. — The therapeutic effectiveness 
of should be compared principally with x-radiation because Fowler’s solu- 
tion is a relatively inferior therapeutic agent for the treatment of chronic 
lymphatic leukemia. The hematologic remissions produced by administration of 
P’® are incomplete in that the percentage of Ijmphoeytes docs not regularly re- 
turn to normal even though the total white blood cell count frequently does. 

A similar statement may be made for x-raj’- therapy. Radioactive phosphorus 
is no more effective than x-radiation in relieving sjTuptoms of patients mth 
chronic lymphatic leukemia and often does not produce as mucii decrease in the 
size of lymph nodes and spleen as does x-ray. In none of our patients did P” 
induce so complete a remission tliat further injections could be withlield for as 
long as a year. Tlie remissions, therefore, were no better and may not have 
been as prolonged as is usual with x-radiation. Administration of radioactive 
phosphorus has one advantage in tliat it does not cause radiation sickness. 

There was no indication that P^* is likely to prolong life more than does 
x-ray. The duration of sjmptoms to death or to Sept. 1, 1945, for the twenty- 
three patients who have been followed for a year or more (Patients 1 to 21, 23, 
and 24) was 31.8 months ; nine of these persons are still living. They have been 
treated with P^=^ for an average of 14.4 months. The nine living patients in this 
group had had sjmiptoms for an average of 12.4 months at the time P” was first 
given and had an average duration of their disease on Sept. 1, 1945, of 36.3 
months. When these figures are compared with the average duration of 3.29 
years found for 152 cases of chronic Ijunphatic leukemia,^® it is clear that the 
final figures for the duration of the disease in patients treated with P®= are not 
likely to exceed them by a significant margin. Minot and his associates®” re- 
ported that the course of the disease was not appreciably lengthened by x-ray 
therapy. 

Results in the treatment of acute l3mphatic leukemia (including leueo- 
sarcoma) have been as disappointing as -with all forms of therapy. An occa- 
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sional patient does have a relatively long, incomplete remission, but th^e may 
occur spontaneously and cannot yet be attributed to the therapeutic efiectivc- 

ness of P”. . . . , r, 1 

D. Summary and Recommended Method for Adnwusienng P" to Patients 

With Lymphatic Leukemia . — In our experience, somewhat smaller doses of radio- 
active phosphorus suffice to restore the total leucocyte level to normal in chronic 
lymphatic leukemia than in chronic myelogenous leukemia. Hon ever, the per- 
centage of lymphocy'tes dropjicd below 50 per cent, and the percentage of 
granulocytes rose above 50 per cent in only sixteen of the thirty patients. 
Furthermore, a rise in the eiythrocyte and platelet levels folloning P^‘ therapy 
was less frequent and much less marked among the patients with chronic lym- 
phatic leukemia than among those treated for myelogenous leukemia. In addi- 
tion to the less favorable hematologic response, symptoms and physical signs 
also responded less favorably in the individuals with lymphatic leukemia. 

The chief advantage of radioactive phosphoims therapy over x-radiation in 
the treatment of chronic lymphatic leukemia is freedom from radiation sickness. 
It is our impression that therapy' with is probably' as satisfactory as, but no 
better than, x-radiation in relieving symptoms and in prolonging life. 

In general, the acute varieties of lymphatic leukemia are not .significantly 
benefited by radioactive phosphorus. The few remissions observed could well 
have been due to blood transfusions, chemotherapy of infections, or could even 
have been spontaneous remissions. 

The same schedule of therapy recommended for myelogenous leukemia can 
be employed for lymphatic leukemia except that, as a rule, administration should 
he discontinued earlier because of the more rapid fall in the leucocyte level in 
patients with lymphatic leukemia. 

Seven of our patients with chronic lymphatic leukemia had an initial white 
blood cell level below' 18,000 cells per cubic millimeter. Regulation of therapy 
for these individuals was more difficult. The severity of the disease in such in- 
dividuals must be determined by the bone maiTow cytology’ and the degree of 
associated anemia and thrombocytopenia. It is our feeling that roughly com- 
parable dosages of should be employed in the management of leueopenic 
leukemia as would be administered to patients with elevated leucoey'te levels. An 
intelligent decision as to when therapy should be discontinued can be reached 
only by frequent determinations of the blood erythrocyte, platelet, and segmented 
polymorphonuclear levels and by serial bone marrow .studies. 

MONOCV'nC leukemia 

A. Beview of the Literature . — ^The response of six patients with monocytic leukemia to 
therapy with P32 has keen reported.’, s. is Specific data are given for only three of these 
patients. 

Lawrence and his associates’ treated a 24-year-old woman who complained of progressive 
weakness of four years’ duration, sweUing of the lymph nodes of the neck, and furtmcles on 
the forehead of three months’ duration. Significant physical findings included paUor, general- 
ized lymph node enlargement, herpetic lesions on the lips, bleeding of the gums, and a smooth 
Uver edge palpable at the costal margin. When she was admitted to the hospital (Dec. 24 
1937), the total erythrocyte count was 2,400,000; hemoglobin, 60 per cent; leucocytes, lljooo’ 
with 21 per cent polymorphonuclear cells, 22 per cent lymphocytes, and 50 per cent monocles’ 
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Treatment with radioactive phosphorus was started Jan, 13, 1938. By that time tlie 
white blood cell level had increased to 58,000. Between Jnnuarj' 13 and February 18, the 
patient was given orally nine doses of radiophospliorus totaling 23.2 millicuries. The furuncles 
were incised and drained. Slio was also given iron by mouth and four blood transfusions. 
The leucocyte level rose during the first week of therapy to about 178,000 cells per cubic 
millimeter and then fell rapidl}' to approximately 15,000 cells, most of which were monocjfes. 
New furuncles appeared, and stomatitis with ulceration and hypertrophy of the gums became 
progressively more severe. The spleen became easily palpable. Terminally tliere was a rise 
in temperature, and the white blood cell level rose to 71,000; 91 per cent of the white cells 
were monocytes. Death occurred forty-two days after therapy had been started. 

Post-mortem examination revealed prominent infdtration of the liver, heart, colon, 
gall bladder, kidneys, uterus, and ovaries with monocytic cells. The lymph nodes, spleen, and 
bone marrow were composed largely of monocytes. 

Erf and his associateso tabulated data on a man, 40 years of age, who had had fatigue, 
anorexia, and cough for five months and abdominal pain for three weeks. The spleen was felt 
1 centimeter below the costal margin and there were hemorrhages in the fundi. The total 
leucocyte count was 41,000 colls per cubic millimeter. .Sternal marrow was hyperplastic and 
contained "many monoblasts." The patient was given G.9 millicuries of radiophosphoms 
by mouth within a period of three days. Death occurred sLx days after the first dose. Post- 
mortem examination revealed reticule-endothelial hj-pcrplasia of most organs, including the 
kidneys and the submucosa of the gastrointestinal tract. 

"Warrenro treated four patients with monocytic leukemia, one of whom was "helped," 
but the other three showed no response. A case report was given for only one patient, a 
man, 31 years of age, who had had weakness, anorc-xia, and dyspnea for two months. The 
total leucocyte count was 0,500 per cubic millimeter; 50 per cent of the white cells were 
monoblasts. The patient was given 0.27 milUcuries of intravenously during a period 
of three weeks. Death occurred four weeks after the initial injection. Post-mortem e-vamina- 
tion was interesting in that the bone marrow was hypoplastic; most of the other organs were 
infiltrated wdth monocytes. 

B. Analysis of tlio Besults Obtained in Treating Ten Patients ^Vith Mono- 
cytic Leukemia. — Of the ten patients with monocj’tic leukemia tvlioin we have 
treated with radioactive phosphorus, only one is still living. All of the patients 
were acutely ill when treatment was started, and eight of them remained in the 
hospital until they died. Data on these patients are summarized in Table 15- 
All had had rapidly progressive sjTnptoms including painful bleeding gums, 
sore throat, fever, anorexia, sore, sAvollen ceiwical Ijunph nodes, and progressive 
prostration for from ten daj^s to four weelcs before admission to the hospital. 
Patients 3, 5, 7, and 8 felt well until the onset of this period of rapidly pro- 
gressive symptoms; all of the other patients had noted wealmess and fatigability 
without other manifestations for variable periods* ranging up to six montlis prior 
to the onset of the acute phase. The average total duration of symptoms was 
eleven weeks. None of these individuals had been given any previous therapy 
except for four who had received transfusions. In seven instances transfusions 
were given during the period of radioactive phosphorus therapy. 

The total^ dosage of P^'' administered varied from 0.14 millicuries to 11-06 
millicuries, with an average of 5.3 millicuries. In every instance except one 
(Patient 10), treatment was continued until the time of death. 

The effect of therapy on the total leucocyte count was variable. The total 
white blood cell level increased in one-half the cases and decreased in the other 
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Fig. 14. — Monocytic Icultomia. Rc.'-poiisc to tlicmpy. 

Case Summary. — H. G., lioui-ewife, 53 years of age, was in excellent health until Juh» 
1944, at which time .she flevolopcd pain in the lower jaw. Tho patient had many carious 
teeth and sho attributed tho pain to a toothache. However, within a few days the gums of 
both upper and lou’er jaws became swollen, red, and tender. Shortly thereafter she de- 
veloped a sore throat, swelling of tho glands in the neck, and fever. She began to have gen- 
eralized headaches, spells of faintness, and increasing weakness. She was given sulfadiazine 
therapy (amount unknown) without improvement. In August, 1945, penicillin therapy nm' 
started; sho was unimproved two days later when we first saw her. 

Physical Examination: Blood pressure was 150/80. Patient was an obese, pale, aeutel.v 
ill, white woman. There was marked hypertrophy of the gums with necrosis and ulceration, 
especially around the lower anterior teeth which were carious and loose. There was an ele- 
vated purplish area in tho soft palate. The left anterior tonsillar pillar was ulcerated. The 
breath was foul. The submaxillary nodes were large, firm, and moderately tender; there 
was no other lymph node enlargement. There was an irregular area of hemorrhage in the 
right .fundus. The liver and spleen were not palpable. 

laboratory Data: Blood counts (Aug. 17, 1945): leucocytes, 18,150; erytlirocytes, 
1,560,000; hemoglobin, 5.5 Gm.; reticulocytes, 0.5 per cent; platelets, 58,000; differential: 
stabs, 1 per cent; eosinophiles, 2 per cent; basophiles, 1 per cent; juveniles, 4 pel cent; 
myelocytes, 30 per cent; lymphocytes, 9 per cent; mature monocytes, 49 per cent; immature 
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half. Furthermore, in all the patients who have tlicd, the pcrcentnf!e ol mono- 
cj-tic cells in the blood was greater .iust pnov to death than at the tunc treatment 
was started. No conclusions can be drami regarding the cflcct of I on t le 
erythrocyte level since transfusions were given iti all but three instances. The 
thrombocvtc level increased in four patients, decreased iir three, and showed 
no significant change in three. iMore detailed hematologic data on these patients 
are given in Table 15. 

There was no definite evidence that any of these patients Averc benefited 
SA’mptomatically by therapy. Weakness temporarily became less severe in 
three instances' (Patients 2, 5. and 10). but transfusions had been given to them 
repeatedly, and it seems likely that this was the factor responsible for the in- 
crease in strengtii. The two other most common s\nnptoms were hemon-hagic 
manife.stations (present in eight instances) and .sorcnc.ss of the gums (four in- 
stance.s). Both of these sATiiptoms decreased in severity in Patient 5, but neither 
oi them Avas significantly relicA'od in any of the oth't’t patients. 

The physical signs likcAvise Avere not faA’orably influenced. At the time 
therapy with P^’ Avas started, tlie lymph nodes Avere slightly enlarged in six 
patients, the spleen Avas palpable in five, and the gnms AA’ere liA'perlrophied in 
four. In no instances Avas there any improA'cment in any of these abnomalities. 

Hematologic data and the ca.se report for Patient 5 are .shoAAm in Fig. 14. 
The response of this Avoman to therapy Avas not typical in that she lived longer 
than the average after treatment Avas started and .shoAved somcAA’hat more 
symptomatic improvement than did most of the patients in this group. 


monocytes, 25 per cent; monoblasts, 6 per cent. A few nonnoblast.s were .seen in Hie peripheral 
blood. The sternal bone marrow differential (Aug. 17, 1944) was: stabs, 3 per cent: 
juveniles, 8 per cent; “C” myelocytes, 9 per cent; “B” myelocytes. 4 per cent; immature 
monocytes, 52 per cent; monoblasts, 10 per cent; primitives, 13 per cent; plasma cells. 1 per 
cent. There were only 4 nucleated red blood cells per 100 myeloid cells. The urine was 
negative. The Kahn reaction was negative. 

Course: Sulfadiazine and penicillin were discontinued on Aug. 15, 1944. On ps- 

therapy and transfusions she gradually improved. The temperature spiked daily to 39° C. 
until August 29, after which it dropped to lower levels. The nicer of Hie tonsillar pillar healed 
and gnms became mneb less sore; the hypertrophy and redness of the gums improved. On 
September 12 the temperature spiked to 40.4° C., and she developed a headache and marked 
restlessness. She became nauseated and vomited repeatedly. By .“September 22 thesd symp- 
toms had subsided, and she felt so much stronger that sbe was discharged from the ho.spital. 
Two days after returning home she developed profuse vaginal bleeding and bleeding from 
the gums; this lasted several days. About October 1 .slie had severe epigastric pain followed 
bj' nausea and vomiting. The temperature began to rise. These symptoms persisted and she 
developed a rapidly spreading furunculosis over her back. .She became semistuporous on 
October 17, and purpura and bleeding from the gums increased. She expired Oct. 27, 1944. 

Post-mortem examination revealed extensive leukemic infiltration of the bone marrow, 
lymph nodes, lungs, gingivae, panerea.s, liver, spleen, kidneys, adrenals, and uterus. The 
bone marrow was hyperplastic, the vast majority of the cells being monocytes; myeloid and 
erythroid elements were present but greatly decreased in numbers, and no megakaryocytes 
were seen. There were areas in the bone marrow in wbicii the cells stained very faintiv and 
were apparently undergoing early necrosis. 
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C. Sitmmary. — Analysis of the liemalologic and clinical data on our ten 
patients confims the impression of previous investigators that radioactive 
phosphorus is of no value in the treatment of monocytic leukemia. 

vn. HODGKIN’S DISEASE 

A. Heview of the Literature . — Four rcporfsio. >2. is. ” have been published describing 
the results of therapy with radioactive phosphorus in thirty-eight patients with Hodgkin's 
disoase. No case reports or data are given for any of these indinduals except for the eleven 
patients studied by Ilostcr and Doan.’v 

Fitz-Hugh and Hodesio treated five persons, only one of whom was improved following 
Po2 therapy. This was a patient who was becoming x-ray-fast after two years of treatment. 
Tho other four patients were not benefited; three of them had received roentgen therapy 
previously, and the fourth patient had a huge mediastinal mass which did not respond to P” 
bnt did regress following intensive x-radiation. 

Low-Beer and co-workers>2 observed no satisfactory results in the nineteen patients they 
treated. Temporary improvement occurred only' in those individuals who had mild symptoms 
of short duration, and in no case was the duration of remission more than one year. 

Only one of the three patients treated with Psc by Warren’s was helped. All three had 
received x-ray therapy previously. 

Of tho eleven patients treated by Hostcr and Doan,’* only five had been treated with 
x-radiation in the past. Hadioactivc phosphorus was given for from ten to thirty-seven weeks; 
the average biwceldy dose was 2.3 millicuries. All eleven patients showed a decrease in the 
white blood cell level during the period of P^a therapy; the erythrocyte and platelet levels 
dropped in seven instances. In most cases thc.“e evidences of depression of bone marrow 
activity did not disappear after administration of Pse was stopped. Some of tho patients 
developed additional lymph node enlargement during tho period of treatment. Temporary 
benefit occurred in a few instances. X-rndiation was given to nine of these patients after the 
cessation of Poa administration, and in every- instance but one a favorable response was 
observed. 

B. Analysis of the ItesuUs Obtained in Treating Six Patients With 
Hodgkin’s Disease. — Tlie six patients with Hodgkin’s disease whom we have 
treated with radioactive phosphorus had had syunploms presumably referable 
to this disease for from eight to forty-two months. In each of them x-radiation 
had previously produeed symiptomatic improvement. Improvement follmving 
x-ray therapy had been least striking in Patient 1 of Table 16 (enlarged nodes 
in the neck decreased somewhat in size, and strength increased but the benefit 
was of only two weeks’ duration) ; the greatest improvement following x-radia- 
tion was noted in Patient 4, who had experienced marked relief of all symptoms 
following six separate courses of roentgen therapy. All six of these patients 
are now dead. 

The total dosage of P^^ administei’ed varied from 1.73 millicuries (given 
within five days) to 18.26 millicuries (administered during a period of seven 
months) . The average total dosage was 8.62 millicuries. 

Cytologic changes which occurred in the blood following therapy wth F'* 
are shown in Table 16. In four of the six patients (Patients 1 to 4); P'* 
therapy was followed, by depression of bone marrow activity, as manifested by 
significant decreases in the number of leucocytes, erythrocytes, and platelets in 
the peripheral blood. In two instances (Patients 2 and 3) the platelet count 
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Fig, Jo. — Hodgkin's disease. Hematologic clianges foDoiving therapy. 


Case Summary. — P, M., a married woman 52 years of age, enjoyed excellent health uath 
August, 1941, when she first noted a dry hacking cough. In Mai’, 1942, the cough hecanic 
productire of mucoid sputum. About this same time she began to have dull, nching pain in ti*® 
left lower chest posteriorly. Shortly thereafter she began to have severe night sweats and iU’ 
creasing fatigue. She lost tu’eh’e pounds in weight. An x-ray of tho chest in June, 15^2, 
showed extensive pulmonary infiltration. Bronchoscopy revealed oiilv chronic inflammation of 
the bronchi. By Au^st, 1942, enlargenient of tho a.xillary and inguinal Ijmph nodes was 
apparent; a biopsy (right axillary node) ‘revealed changes ti^iical of Hodgkin’s disease. She 
was given nine x-ray treatments to the right chest and axilla, following which the pain and 
cough disappeared. She gained nine pounds. During October the nodes in tho left groin 
increased steadily in size and became .sore and tender. Radioactive phosphorus thernpv was 
started Nov. 5, 1942. 


Physiol Examination (Nov. 3, 1942): There was x-ray pigmentation over the rigM 
chest and back. A large matted mass of lymph nodes measuring 4 by 3 bv 3 cm. was felt ia 
fto left mguinal region. Enlarged nodes ivere also felt in the neck and in the right a-xiHa- 
The heart inn^ were normal. A firm mass thought to be spleen ivas felt in the left upper 
quadrant of the abdomen, but a distinct edge could not be outlined. 

LaloraioryDaia: Urine was negative except for a faint trace of albumin. Kahn test 
was negative. Blood counts (Nov. 5, 1.942): white blood cells, 14,700; red blood cells, 


(Ooutinued on opposite pa-ffe,} 
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fell to extremely low levels, accompanied in the latter cjusc by widespread sub- 
cutaneous hemorrhages. Patient 3 developed a Icucopcnia of 350 cells per cubic 
millimeter; a fatal broncliopncumonia then developed. Patients 5 and 6, who 
did not show these changes in the blood cjdologj', received sucb small doses of 
P’= that neither their symptoms nor physical signs .showed any impi-ovemcnt 
following treatment. 

Evaluation of the effect of P” on the .symptoms of Hodgkin’s disease was 
difficult because of the notorious cyclic llnetuation in the severity of sjuiiptoms 
which occurs even when no treatment is given. Weakness was a prominent .sjunp- 
tom in all six of these individuals; following therapy with P’’* there was some in- 
crease in strength in four instances (Patients 1, 2, 4, and 6). The duration of 
this improvement varied from two weeks (Patient 6) to three months (Patient 
2). Chills and fever, initially pre.sent in four instances (Patients 1, 3, 4, and 
6) were eliminated only in Patient 1. Three patients (Patients 1, 5, and 6) com- 
plained of pain in the shoulders, chest, back, or flanks; the pain disappeared en- 
tirely in one (Patient 1) and became progrc.ssively worse in another (Patient 
5). Cough, which was present in two patients (Patient.s 4 and 5), .showed no 
improvement in cither instance. 

The physical signs were strikingly unaffected by P'-. Four patients 
(Patients 1, 2, 3, and 5) had enlarged Ijunph node.s, two (Patients 3 and 4) had 
splenomegalj', one (Patient 5) had hepatomegaly, and one (Patient 2) had edema 
of the ankles. None of these physical .signs .showed any measurable improvement 
following indiophosphonis therapy, except splenomegaly, which decreased in 
Patient 4, and Ijanph node enlargement which decreased in Patient 2. 

Hematologic data and the case repoil, for Patient 2 are shown in Fig. 15, 

C. Summ/inj . — The results obtained when these six patients were treated 
unth P” were similar to those which have been reported by other investigators. 
Prom this combined experience, it seems fair to conclude that P'^ is inferior to 
x-radiation in the treatment of Hodgkin’s disease. Even when the dosage of 
P’^ employed is sufficiently large .so that serious damage to the bone marrow 
results, enlarged lymph nodes and splenomegaly are relatively unaffected, and 
the infrequent sjTnptomatic improvement which has been ohseiwed is of such 


3,690,000; hemoglo'bin, lO.l Gm.; reticulocytes, 2.8 per cent; platelets, 790,000; differential: 
eosinophiles 25 per cent; juveniles, 1 per cent; stabs, 4 per cent; segmented polymorphonuclear 
neutrophiles, 48 per cent; lymphocytes, 16 per cent; and monocytes, 6 per cent. Sternal 
hone marrow examination showed 43 per cent eosinophiles, 39 per cent lymphocytes, 6 per 
cent plasma cells, and only 12 per cent cells of the myeloid series. Verj- few nucleated red 
blood cell.s were seen. There were many globules of fat pre.=ent. 

An x-ray of the chest showed con-iderable increase in the amount of infiltration in each 

lung. 

Course: During the first four months of therapy there was little change in the pitiest’e 
symptoms. The mass of lymph nodes in the left groin decreased somewhat in size. During 
March, sho became progressively weaker, and by April 7 the extremities were covered with 
petcchiae and ecchymoses. From that time she had constant hemorrhagic manifestations, and 
the erythrocyte level remained low in spite of twenty blood transfusions. She died eight 
months after pae therapy was started. A post-mortem examination was not done. 


178 


REINHABD, MOORE, BIERRAUM, AND MOORE 


transient duration as lo lie of no conscqucnec. In only one case in our series 
was the symptomatic improvement following as satisfactorj' or prolonged 
as the improvement which the same patient had previouslj" experienced follow- 
ing x-ray therapy. 

vni. LYMPHOSARCOMA, RETICULUM CELL SARCOMA, AND GIANT 
FOLLICULAR LYMPHOBLASTOMA 

A. Heview of the Literature . — Kenney nnd liis nssoointess in 1942 publislicd data on four 
patients witli IjTnpliosarcoma, two with reticulum cell sarcoma, and two with giant follicular 
lymphoblastoma treated with radioactive phosphorus. These patlent.s had been given from 
70 to 100 microcuries (0.07 to 0.1 millicurics) of P’s per kilogram of body-weight in divided 
doses at intervals of from seven to fourteen dny.«. Five patients (two with Ij-mpliosarcoma, 
two with reticulum cell lymphosarcoma, and ono with giant follicular lymphoblastoma) had 
complete remissions for from ono to eight months. One patient with lymphosarcoma had com- 
plete disappearance of neck nodes and SO per cent decrease in the size of axillary nodes. 
Another individual with l.vmphosarcoma showed initial improvement followed by rapid in- 
crease in the size of the nodes. It wns felt that this ca.‘-o represented a failure of radioactive 
phosphorus therapy, as the patient had shown disappearance of lymph node enlarge- 
ment following small doses of x-ray therapy (300 roentgens) on three previous occasions. 
The second patient with giant follicular Ijunphoblastoma apparently had no enlarged Ijunph 
nodes, but the spleen was palpable 1 centimeter below the costal margin at the time P^' 
therapy was started; following treatment, the spleen became no longer palpable. These Baffle 
cases were included in another report by Kenney.n 

Two of the six patients with lymphosarcoma treated with Pbs by Fitz-Hugh and Hodcs'® 
had good remissions. One of these had become x-rny-fast; the clinical improvement which 
followed radioactive phosphorus therapy was still manifest six months later. Two of the 
patients were said to have been “benefited” for several months, following which both suffered 
relapses. One individual with reticulum cell sarcoma wns not benefited by moderate doses of 
P32; he had previously received intensive roentgen radiation nnd had become “x-ray-fast 
No data were recorded. 

Low-Beer and co-workersiz treated thirteen patients with generalized Ijunphosarcoma) 
seven of whom were dead at the time of the report. Tlie initial ro.sponse to therapy wns satis- 
factory. Enlarged nodes usually disappeared, and the general condition of the patients was 
improved, in some cases returning to normal. The authors made the interesting statement 
that, “In no patient treated for lymphosarcoma, even though it has been found necessary 1® 
build up a high radiation level, has the peripheral blood picture changed appreciably.” 
case history was given for ono of these individuals, a woman, C6 years of age) whose eymP" 
toms were of six months * duration. She had received no previous therapy of any sort. 
was given thirteen doses of Psz, totaling 14.1 millicuries, in a period of nine weeks. By tt® 
time the course of therapy was completed, she was asymptomatic; enlarged lymph nodes anfi 
abdominal masses were no longer palpable. The remis.sion lasted almost eleven months, at the 
end of which time a second course of therapy again resulted in complete remission. Th® 
leucocyte and erythrocyte levels in the peripheral blood were practically unaffected by the 
treatments. 

Kenney and Cravervs analyzed the results of treatment of eight patients, but five of 
these had been previously reported.® The three new patients all had reticulum cell sarcoma; 
they were given nineteen doses of Psz totaling 1C.8 millicuries in a period of three months, ten 
doses totaling 8.84 millicuries in a period of three weeks, and thirty-five doses totaling 22.8 
millicuries in two months time, respectively. The first two patients did not improve, and 
enlarged lymph nodes remained the same or increased in size. The third individual showed 
complete regression of skin nodules and enlarged lymph nodes. In all three instances the 
erythrocyte level dropped significantly following therapy, and the leucocyte and platelet level 
decreased in the two cases where these determinations were done. 
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*X-R = X-niy; T =z transfusions. 

•>T = TTnnstuslons. The flffuro Inclloatos tho number Riven. 

'Sovon per cent of tho leucocytes In tho porlphornl blood iit this time wore reticulum ccII.h. 
''Seventy per cent of tho leucocytes In tho peripheral blood at this time wore reticulum cells. 
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A R 9. 65 VIS ot OQt. Reticulum cell sarcoma 



Case Summary. — A. K., a 'vvouiuu 05 years o£ age, first notoil a lump in the right nxills 
in December, 1942. Because tlio mass increased rapidly in size, it was removed in January, 
1943. Histopathologic examination established tlm diagnosis of reticulum cell sarcoma. One 
month later a mass appeared in the right breast; this subsided promptly follon-ing x-ray 
therapy (1.600 roentgens). Early in May, 1943, a mass suddenly developed in the left si3e 
of the neck. Following x-ray therapy (1,600 roentgens) this mass decreased in size but 
not disappear. During May, 1943, the patient noticed increasing fatigability, dyspnea, and 
cough. 

Physical Examination (May 21, 1943) : Blood pressure was 150/95. There was x-ray 
pigmentation over the neck and anterior thorax. Several rubbery nodes about 1 cm. in di- 
ameter were felt in the neck. A tirm mass 5 by 0 cm. in size was felt in the right breast- 
Moist rales were heard at the extreme loft ba-^e. There was tenderness in the lower abdomen, 
but no masse.s were felt, and the liver and .'•plcen were not palpable. 

Laboratory Vata; Blood counts (May 24, 1943): leucocytes, 4,100 per cubic milli- 
meter; erythrocytes, 3,510,000; hemoglobin, 10.6 Gm.; reticulocytes, 0.4 per cent; platelet.’, 
667,000; differential, normal. Urine was negative. Kalm reaction was negative. 

Course: After administration of psz was begun on May 24, 1943 there was little 
^ange in patient's weakness and cough. Her appetite remained poor, and she felt drowsy- 
On May 30, 1943, a small mass about 2 by 3 cm. in size was felt deep in the abdomen just 
below the umbilicus. Thereafter this mass increased steadily in size until by Aug. 5, 1943, 

(Oontinxted on opposite page,) 
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None of the four patients with lymphosarcoma treated witli P'2 by Warren •■•were 
helped. Two of them had had no previous therapy and the otiicr two had received x-radintimi 
in the past. No other data were given. 

B. Analysis of the Results Obtained in Treating Five Patients With 
Lymplwsarcoma, Three Patients With Reticulum Cell Sarcoma, and One Patient 
With Criant Follicular Lymphoblastoma— The. duration of symptoms in the 
group of eight patients with lymphosarcoma or reticulum cell sarcoma varied 
from one to twenty-four mouths (Table IT). Five of these individuals had had 
previous x-ray therapy. In Patients LI and L4 there were no .symptoms at the 
time x-radiation was administered and the only manifestation of disease was 
enlarged nodes; these disappeared iiromptly and completely after the treatments. 
Patient 112 also had no synuptoms; a mas.s in the right breast disappeared com- 
pletely after her first course of roentgen radiation, but enlarged cer\-ical nodes 
underwent only partial regression following a subsequent course of x-ray 
therapy. Marked weakness, the only complaint of Patient L5, was entirely re- 
beved by x-ray. Patient L2 had no symptoms, and the only tumor mass was 
removed surgically just prior to x-radiation. Thus, therapy cannot be evaluated 
in this instance. 

The total dosage of P^- administered varied from 1.1 to 15.1 millicuries, 
\nth an average of 7.0 millicuries. In spite of the relatively small dosage em- 
ployed in most eases, the leucocyte and thrombocjde levels in the blood decreased 
in all instances, and the erythrocyte level decreased by more than 400,000 cells 
per cubic millimeter in four cases. The platelet count of Patient R2 dropped 
to almost zero and she died following mas.sive hemorrhage into the intestines and 
peritoneum. 

Administration of radioactive phosphorus was followed by significant 
clinical improvement in only two instances. When treatment was started, 
Patient E,1 had pain in the back, frequent night sweats, dyspnea on exertion, 
profound weakness, and marked anorexia. One month later all of these symp- 
toms had completely disappeared except weakness and anorexia, which had im- 
proved. However, in addition to P^-, the patient had received five blood trans- 
fusions. The clinical remission lasted about three months. Patient L5 had no 
complaints other than weakness; within two weeks after P^* therapy was in- 
stituted he felt much stronger, and this symptomatic remission lasted about 
four months. In aU other patients, not only wa.s there no clinical improvement, 
hut symptoms became progressively more severe. 


it measured 10 by 15 cm.; it -was rubbery and nodular. The cervical nodes increased in size, 
and ^lary and inguinal nodes appeared. Pitting edema of the back and legs became pro- 
gressively more marked. By Oct. 6, 1943, the patient -was semicomatose, the temperature 
was 38.5° C., and the abdomen was tilled with nodular masses and fluid. She expired 
five months after therapy with P32 had been started. 

-•tt post-mortem examination, the patient was found to have reticulum cell sarcoma in- 
volving the mediastinal, mesenteric, periaortic, peripancreatic, and iliac Ivmph nodes; these 
latter nodes had fused to form tremendous nodular masses. There was sarcomatous involve- 
ment of the mucosa of the duodenum and the stomach. Blood was found in the intestine and 
m the peritoneal cavity (1,500 c.c.). 
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All of these patients except one had palpable or roentgenologically demon- 
strable enlargement of lyanph nodes. In three instances (Patients Rl, R3, and 
L5) the nodes decreased signilicantlj’' in size following P^* therapy, whereas in 
the other four they increased progressively in size, TJie spleen was initially 
palpable in only two instances (Patients L4 and L5) ; in Patient L4 progressive 
enlargement occurred, while in Patient L5 the lower pole of the spleen, which 
originally measured 23 centimelez's below the costal margin in the mid-claviculai' 
line, measured only 12 centimeters two months later. In no ease was the regres- 
sion in size of the lymph nodes or spleen of more than a few months’ duration. 

Hematologic data and the case report for Patient R2 are showm in Fig. 16. 

One patient with giant follicular lymphoblastoma (Brill-Symmer’s disease) 
has been treated. This was a boy, 13 years of age, who had had one slowly en- 
larging nodule in his neck for three yeai-s, and several other cervical nodes 
for about six months. Ilis motlier insisted he had tired easily for two to three 
years, but the boy denied this. Tliere were no abnormal physical signs other 
than moderate enlargement of the cervical and axillary nodes. The blood 
counts were nonnal in all respects. Biopsy of a cervical node i-evealed the 
typical microscopic appearance of giant follicular lymphoblastoma. During a 
period of seven months he was given thirteen injections of P” totaling 5.91 
millicuries (Table 17). At the end of this time there were no palpable nodes, 
and the patient play^ed on his school basketball team. During the course of 
treatment, the leucocyte level dropped as low as 1,500 and did not return to 
normal until a year later; the other cellular elements in the blood were unaf- 
fected. About eighteen months after completion of the coui’se of treatment 
several palpable cervical and axillary nodes reappeared. One of the ceiwical 
nodes was biopsied; the sections did not show the cJianges of giant follicular 
lymphoblastoma but only scattered areas of fibrosis. Tire patient remains 
asymptomatic, and the blood counts are all normal two years after the Hi's! 
treatment. 

C. Summary . — There are several reports in the literature which suggest that 
P^^ may be of value in the treatment of lymphosarcoma, reticulum cell sar- 
coma, and giant follicular lymphoblastoma. Twenty-one patients have been 
treated and followed for a sirfficient length of time so that it was possible to 
draw at least tentative conclusions regarding the effect of the tlrerapy ; in six pa- 
tients complete regression of all s.vmptoms and sigrrs of disease was observed, in 
four patients partial regression occurred, and in eleven there was no detectable 
improvement. In no instances liad the remission lasted more than eleven months 
at the time of the report. Radioactive phosphorus therapy was considered a 
failure in all of the patients with lymphosarcoma and reticulum cell sarcoma 
treated at the MaUinckrodt Institute of Radiology. Relief of symptoms oc- 
curred in only two patients, in one of whom five trarrsfusions probably accounted 
for the improvement, and, in the other, increase in strength was the only evi- 
dence of benefit. Enlarged lymph nodes decreased in size in three instances, 
and an enlarged spleen became smaller in one instance. The cellular elements 
of the blood decreased significantly in number following treatment. In con- 
clusion, it is felt that the unfavorable influence of P“^ therapy on the bone mar- 
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row more than offsets the occasional clinical benefit wliich may occur follomng 
such treatment. It is our impression that x-radialion is a more effective and loss 
dangerous form of therapy than for this group of diseases. 

IX. MULTIPLE MYELOMA 

Under this heading are included a few cases in which plasma cells were 
found in the peripheral blood and bone marrow in large numbers. Some au- 
thors have labeled these as plasma cell leukemia and probably would have made 
a similar diagnosis in Patient 4 in our scries (Table 18). This man had tj'pical 
multiple myeloma uuth numerous characteristic x-ray lesions in the skull, pehus, 
humerus (pathologic fracture also present), and left femur; Bence-Jones pro- 
teinuria was present; 28 per cent of the cells in the bone marrow were plasma 
cells; and a biopsy of the lesion of the left humci'us taken at the time of open 
reduction of the fracture showed multiple myeloma. The diagnosis was con- 
firmed by post-mortem examination. "When this patient was fii-st observed 
there were no plasma cells in the periphei'al blood, but during the course of P” 
therapy thej' appeared in the blood in increasing numbers and finally accounted 
for 20 per cent of all the leucocytes at the time of death. All cases will be di.s- 
cussed together without differentiation as to whether myeloma cells were found 
in the peripheral blood. 

A. Seview of the Literature . — There arc four reports^, r®. r- vrhich describe the re- 
sults of therapy with radioactive phosphorus in seventeen patients with multiple myeloma 
or plasma cell leukemia. Case reports are given for only three of these individuals. 

Erf and associatess treated a man, 59 years of age, who had weakness and achinjg pains 
of two weeks’ duration. There were many plasma cells in the blood and bone marrow and 
large amounts of Bence-Jones protein in the urine. The diagnosis of acute plasmacytoid 
leukemia was made, and 14.9 millicuries of were administered orally in nineteen days. 
Death occurred two mouths after treatment was started; post-mortem ex-amination revealed 
plasma cell infiltration of most organs including the bone marrow, kidneys, and submucosa of 
the gastrointestinal tract. 

Eitz-Hugh and Hodesvo state that the one patieiit with multiple myeloma whom they 
treated with P^s was not benefited by the drug. Iso data were given. 

Eleven patients were treated by Low-Beer and co-workers.ra The authors stated that 
at the time of the report the response of these individuals to P^s therapy had not been uni- 
form. In some patients there had been marked relief of pain and a restoration to almost 
normal activity. However, no appreciable change in the roentgenographic appearance of the 
lesions had occurred. A case report was given for one patient, a man 49 years of age who 
had been found to have multiple myeloma fifteen months earlier. Previous x-rav therapy to the 
spine and left leg had afforded partial relief from pain. During a period of five months, 
5.0 millicuries of Paz had been given oraDy and 13.8 millicuries intravenously. The patient’s 
physical activity had been very limited but several months after the first dose of Psz he be- 
came able to walk and drive his automobile. Without giving any specific data, the authors 
state that, “There was no adverse change in the blood levels during or after treatment. ’ ’ 
Three patienta with “plasmacytoma” and one with plasma cell leukemia were treated 
. with P32 by Warremis Two of the patients with plasmacytoma were said to have been helped 
by the treatment, A case report was given for one patient, a woman 66 years of age, who had 
had symptoms for about one year. X-ray studies showed lesions throughout the whole 
skeleton; 6 per cent of the leucocytes in the peripheral blood were plasma cells; and the 
sternal marrow contained masses of plasma cells. Between Xov. 12, 1941, and April 14, 1940 
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•>hc received 12.1 millicuriet of intravenously. , Bone pain disappeared promptly after 
treatment was started, and five months later x-ray examination showed some rccalcification 
of the osteolytic foci. The crrtlirocyte and leucocyte levels were both within normal limit.s 
at this time.’ Between Sept. 24, 1942, and July 31, 1943, she received an additional 9.07 
millicuries of P-''=. Her clinical course was complicated by the development of a duodenal 
ulcer. She was transfused repeatedly. In November, 1943, she developed lobar pneumonia 
from which she died; the leucocyte count at this time was 1,530, and the erythrocyte count 
was 1,630,000. The author felt that this patient showeil .appris'iable improvement lasting; 
from November, 1941. to February, 1943. 

B. Analysis of the Results Obtained in Treating Eight Patients With 
Muliiph Myeloma With Radioactive Phosphorus.— The diagnosis of multiple 
myeloma in all eight patients included in this study was accepted only after 
myeloma cells were found in the bone marrow, h'our of the patients liad tumor 
masses which were hiospied and wliieh .showed Die cliaracteristic histopathologic 
changes of multiple mj’cloma. Supporting evidence for the diagnosis was ob- 
tained from chemical and roentgenologic studies (see column 4 of Table 18). 
Necropsy has been performed on four of the patients. 

The duration of symptoms at the time therajiy witli was started varied 
from nine to thirty-six months, with an average of twenty months. Only one 
patient (Patient 1) had received premous radiation therapy; she had had se- 
vere pain in the spine wliich was markedly relieved by x-radiation. 

The total dosage of P^® adminhstered ranged from 5.0 to 16,7 millicuries, 
with an average of 9.6 millicuries. The leucocyte level decreased to below 
4,000 cells per cubic millimeter m five instances and below 2,000 in two in- 
stances; the thrombocyte level fell to 100,000 per cubic millimeter or loss in 
four patients (Table IS). The leucocyte count in Patient 3 dropped as low as 
550 cells per cubic millimeter three weeks prior to death and fluctuated there- 
after between 800 and 2,100 ; bilateral pneumonia with septicemia due to hemo- 
lytic Staphylococcus aureus was the immediate cause of death. In Patient 5. 
the leucocyte level ranged between 1,400 and 2,300 cells per cubic millimeter 
during the last three weeks of life. She developed a meningitis and a bac- 
teremia (pneumococcus type 29) ; this infection was not controlled even with 
intensive therapy with penicillin and sulfadiazine. Platelets virtually disap- 
peared from the blood during the last two months of this patient’s life; she de- 
veloped extensive petechiae and ecehymoses and a terminal subaraeimoid hem- 
orrhage. There can be little doubt but that depression of leueocv'te and plate- 
let formation in the bone marrow by the P"= was the underlying factor re- 
sponsible for death. The effect of radioactive phosphorus on emdliroeyto'yenesis 
in these patients could not be estimated accurately because all but two of them 
received repeated blood transfusions. 

Treatment with radioactive phosphorus was followed by clinical improve- 
ment in only two instances. When therapy was started. Patient 8 (Table 18) 
had no symptoms except dyspnea and marked weakness. One month later he 
felt much stronger and dyspnea had disappeared. It was felt that this improve- 
ment was due primarily to five blood transfusions which he had received durino- 
the course of therapy. The other patient who improved (Patient 6) alro 
received transfusions (three) which might have accounted for increase in 




Fig, 17. Multiple myelomii. Hematologic changes following therapy. 


Cdse SuTninary, T, B,, a married woman, 62 years of age, had an nttnck of pain in her 
shoulders and spine lasting two weeks in June, 1912. She then felt perfectly weU untU Feb- 
ruary, 1943, when her legs became weak; this was followed first by numbness and then by 
paralysis of the legs. The paralysis gradually ascended, and by April, 1943, she was totally 
paralyzed from the waist don-n. During June she developed blurring of vision, diplopia, and 
a coarse tremor of the hands. 

FJiysical Examination (June 28, 1943) : Blood pressure was 200/100. The patient was 
moderately obese. Her back was stiff, and there was tenderness to percussion over the upper 
dorsal vertebrae. The bladder was distended to the umbilicus. Complete flaccid paralysis 
of both lower extremities was present together with some weakness and spasticity of the upper 
extremities. There was complete sensory loss below the level of the sixth dorsal segment. 
Abdominal, knee jerk, and ankle jerk reflexes were absent bilaterally. 

Laboratory Data: Urinalysis was negative, no Bence-Jones protein was present. The 
Kahn reaction was negative. Total plasma proteins were 6.2 Gm. per cent, with albumin 3.1 

t ® rate was +15 per cent. Blood counts (June 22, 

1943): leucocytes 14 650; erythrocytes, 2,580,080; hemoglobin, 8.5 Gm.; reticulocytes, 2.8 per 
cent,, platelets, l,0o0,000; differential, normal. Sternal bone marrow examination (June 29, 

(Oontinned on opposite pape.) 
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Strength. However, in addition, she also experienced marked relief of pain. 
Prior to therapy she had severe pain in the back and flanks, hands, shoulders, 
and the right Imce. One month later these pains had entirely disappeared. The 
patient said she had had arthritis for thirty ycai-s, and an x-ray of the knee 
showed osteoartliritic changes. X-rays of the spine sliowed compression frac- 
tures of the ninth and tenth dorsal vertebrae. Tims, it is difficult to evaluate 
how much, if any, of the relief of pain could be attributed to the therapy with 
radioactive phosphorus. 

No improvement in physical signs occurred in any of these individuals. 
In one instance (Patient 1) it was felt that x-rays of the skeleton taken after 
treatment when compared with earlier films showed some evidence of repair pro- 
ceeding in the bone lesions as evidenced by stationary size, a tendency to de- 
mineralization, and sharper outline of the defects by deposits of dense bone in 
their margins. 

One patient (Patient 4) developed uremia. On admission to the hospital his 
plasma nonprotein nitrogen level was 31 milligTams per cent, and the uric acid 
level was 7.3 milligrams per cent. Two weeks later, after having received 5.0 
millicuries of P^S he was disoriented; the nonprotein nitrogen value had risen 
to 180 milligrams per cent, and the uric acid to 16.6 milligrams per cent. It 
was felt that rapid necrosis of tumor cells as a result of radioactive phosphorus 
administration might have contributed to the azotemia. At post-mortem exam- 
ination, the tubules of both kidneys were found to be blocked with deposits of 
urates. 

Hematologic data and the case report for Patient 3 are shown in Pig. 17. 
C. Summary .- — Radioactive phosphorus has not proved to be a valuable 
therapeutic agent for the treatment of multiple myeloma. In no case has there 
been any convincing objective evidence of improvement following treatment. 
Low-Beer and associates*^ and Warren*^ reported relief of pain in a few pa- 
tients; Patient 6 in our series experienced considerable relief of pain, but the 
causal relationship of this improvement to P^^ was obscure. It is our impres- 
sion that radiophosphorus therapy significantly shortened the duration of life 
^ in two patients by producing severe leucopenia and thrombocj'topenia. 


1943) showed: plasma cells, 90 per cent; myeloid cells, 8 per cent; primitive cells, 1.5 per 
cent; and nucleated red Wood cells, 0.5 per cent. 

X-ray films revealed lesions typical of multiple myeloma in the gkull, ribs, and spine. 

Course; Three weeks after therapy was started the patient developed cellulitis of 
the buttocks; this progressed in spite of sulfadiazine therapy. A week later a pnrpnric sVin 
lesion appeared on the shoulders. Terminally, she developed bilateral bronchopnenmonia, and 
a blood culture was positive for hemolytic Staphylococcus aureus. She expired fifty- 
^ three days after treatment was started. 

A second sternal marrow aspiration performed on the thirty-sixth day of therapy 
, revealed a hypercellnlBr marrow ; 93 per cent of the cells were plasma cells, 4 per cent were 
i-' nucleated red blood cells; no megakaryocytes were seen. 

Post-mortem examination revealed plasma cell myeloma involving the marrow of all 
P bones examined (vertebrae, ribs, and sternum), collapse of the sixth thoracic vertebra, multiple 
abscesses in the myocardium, kidneys, and vertebrae, bronchopnenmonia with abscess forma- 
tion of all lobes of the lungs, and hemorrhagic cystitis of the urinary bladder. 


Tavs!,e 19. Hematologic Data on Eight Patients With Various Diseases Treated With Radioactive Phosphorus 
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•Sur =: Surgery: X-R = x-ray; FT = fever therapy. 

•“T = Transfuglons. The flgvire Indicates the number given. 
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X. JIISCELLANEOUS DISEASES 

A. Scvicw of the Litcrafurc.— Eight patients with osteogenic sarcoma, one witli 
luetastasiiing hemangioma, one with a lymphoepitlielioma of the tonsil with widesprcatl 
metastasis, one with melanoma with numerous cutaneous metastases, and one with extensive 
mveosis fungoides were treated with l^y Ivcnney.® All hut one of the patients with osteo- 
genic sarcoma were still being treated at the time of the report, and no estimate of the end 
results of the Iherapy was possible. One patient who had refused amputation, and whose 
primary tumor had received a 0,100 “r” tumor dose of 1,000 kv. x-ray at 70 centimeters 
T.SJ)., was given 20 milUcuries of radioactive phospliorus over a period of three months. 
The extensive metastases continued to grow during the period of therapy with The 

patient with metastasizing hemangioma received a total dose of 150 microcuries per kilogram 
of body weight in eighteen days; this was divided into small daily doses. Ko regression was 
observed during life, nor were any changes that could ho attributed to the P^i noted in the 
tumor tissue at autopsy twenty days after the commencement of therapy. The patient with 
metastases from a lymphoepitlielioma of the tonsil was given 350 microcurie.s per kilogram of 
body weight in thirty-four days. Xo regrp.=sion of the lesions was noted at any time. The 
patient with cutaneous metastases from a melanoma received 350 microenries per kilogram 
of body weight in divided doses in forty day.c. The lesions increased .steadily in size during 
and after the administration of P^:. The patient with mycosis fungoide.“ was given 200 
microcuries per kilogram of body weight in nineteen day.®. Tlierc was some regression of the 
skin lesions, but the individual left the hospital before the course of therapy was considered 
complete and he was not seen again. 

Pitz-Hugh and Hodesio administered Psz to two individuals tvith extensive gall bladder 
carcinoma and one with disseminated carcinoma of the breast. Xone of these patients was 
benefited by treatment with tlie isotope. The dosage employed was not stated. 

B. Analysis of the Resnlts Obtained in Treating Three Patients ^yith 
Ewing's Sarcoma, One With Malignant Melanoma, One With Anaplastic Car- 
cinoma (Primary Site Undetermined), Ttvo With Mycosis Fungoides, and One 
With Xanihomatosis.-^The diagnosis in all eight of these patients tvas con- 
firmed by biopsy. Two of the patients had been treated previously with x-radi- 
ation. One individual (Patient 7, Table 19) had had mycosis fungoides for 
six years -, at various times he had received fever therapy and several courses of 
x-ray, neither of which forms of treatment had had any significant effect on the 
course of the disease. Patient 3, a 17-year-old boy with Ewing’s sarcoma, had 
just completed a course of x-ray therapy (2,400 roentgens to the primary tumor 
which arose from a rib on the right side) ; this considerably lessened the pain 
he was having in the right chest. 

The total dosage of P’^ administered to each of these individuals is re- 
corded in Table 19. In two instances the dosage was very small. Patient 2 a 
girl, 9 3 -ears of age, with Ewing's tumor arising from the right ileum, was 
given 3.1 millicuries of P^^ during eighteen days. Throughout this time she 
suffered from severe pain in the right hip and right. leg; as this pain was be- 
coming steadily worse, therapy with P»- was discontinued and x-radiation 
started. She was given 400 roentgens daUy for twelve days, at the end of which 
time pain was somewhat less intense. She then returned to her home in an- 
other city, and no observations regarding the effect of the x-radiation on the size 
of the tumor are available. Patient 8, a male infant 12 months of age with 
xanthomatosis, weighed 15 pounds. He was given only 0.33 millicuries of radio- 
active phosphorus in three injections during a period of four davs Death oc- 
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Pig. 18. — Malignant melanoma. 

Case Summary. — D. C., a young woman 18 years of age, had had numerous moles EWt 
tered over her body since cliildhood. In January, 1944, a mole wliich was increasing in ei^® 
was removed from the left arm; at the same time largo moles were removed from the bach an 
from the left ajctlla. In August, 1944, she noted a lump in the left axilla; it enlarged rap 
idly. In November, 1944, this mass was biopsied and was found to be a malignant melanoma- 
A month later she was given x-ray therapy totaling 2,300 roentgens to the left axilla. Abost 
December 28 she developed severe low back pain, weakness, tinnitus, anorexia, weight loss, and 
fever. 

Physical Examination: The temperature was 39” C. There was a striking pallor of th® 
skin and mucous membranes. A stony hard mass measuring 5 by 5 cm. was present in the left 
axilla, and five stony hard, freely movable subcutaneous nodules were palpable in the ah' 
dominal wall. Breath sounds were distant, and the percussion note was hyporesonont hr 
laterally. 

Laioratory Data: Blood counts (Jan. 29, 1945) : leucocytes, 7,850 per cubic millv 
meter; erythrocytes, 2,840,000; hemoglobin, 8.0 Gm.; reticulocytes, 2.0 per cent; platelets, 
486,000; differential, normal. Sternal bone marrow (Jan. 30, 1945); the marrow was very 
dense and hypercellular; 60 per cent of the cells in the marrow were malignant sarcoma cells- 
Brine was negative. Kahn reaction was negative. Serum proteins, normal. 

(Continued on opposite paga.") 
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curred nine days after treatment was started. It is recognized that in both of 
these patients the dosage employed was inadequate to permit evaluation of the 

treatment. o , • , 

None of the patients considered in this section was benefited either subjec- 
tively or objectively by P’- therapy. In no instance did a palpable or roentgeno- 
logically demonstrable tumor mass decrease in size during or following adminis- 
tration of the isotope. Patient 3 (Ewing’s tumor) was given 11.5 millicuries of 
P^- in fifty-three days; this dose was sufficient to produce profound anemia, leu- 
copenia, and thrombocj’topenia. In spite of the fact that therapy was pushed 
beyond the point of tolerance, several visible tumor masses arising from the 
skull bones increased at least 50 per cent in size during the course of isotope ad- 
ministration. Patient 4, a girl 18 years of age with melanosarcoma, was given 
7.7 millicuries in twentj'-six days, during which time she also developed anemia, 
leucopenia, and thromhocjdopenia. Not only did the axillary and subcutaneous 
metastases present at the time P^= administration was started increase in size, 
but numerous new tumor masses appeared. Patient 5 had an anaplastic car- 
cinoma involving the right nasopharj-nx and adjacent structures; there was 
marked exophthalmus on the right and extensive involvement of the frontal 
bone bilaterally. Even though 9.0 millicuries were administered in sixty-six 
days, all visible and roentgenologieally demonstrable masses became larger; 
x-ray therapy (3,400 roentgens in thirteen days) was then administered, follow- 
ing which there was some decrease in size. A month later P^- therapy was re- 
sumed; this time he was given 3.9 millicuries within a period of six months. Dur- 
ing this time, a stony hard mass appeared in the right side of the neck which 
increased in size until it measured 7 by 7 centimeters. A month after P^® was dis- 
continued, he was given x-radiation, 300 roentgens daily for four days, to the 
lesion in the neck. One month later the mass in the neck had decreased 75 per 
cent in size. Both patients with mycosis fungoides (Patients 6 and 7) showed 
slow progression of their skin lesions while they were under treatment with 

Following discontinuance of P^- administration, Patient 6 was given 
weekly x-ray treatments by his dermatologist for one year. Approximately 
1,600 roentgens were administered to most areas of the body; local areas of 
tumefaction received larger dosages than this. The local tumors decreased in 
size at first, but during the latter part of the year, the lesions again showed 
progression. The subsequent course of Patient 7 is not known. 

Hematologic data and the case report for the patient with malignant 
melanoma (Patient 4) are given in Fig. 18. 

Course: Following onset of therapy with P32 the pain in the back diminishea. How- 
■ever, the patient’s appetite steadily worsened, and weight loss and weakness rapidly pro- 
gressed. High swinging fever persisted. By Feb. 15, 1945, she was semistuporons, and 
respirations were Cheyne-Stokes in character. During the first two weeks of therapy the mass 
in the left axiUa decreased very slightly in size; thereafter both this mass and the snb- 
entaneons noddies slowly enlarged. The patient died thirty-one days after the first dose of 
P32 had been given. 

At post-mortem examination, metastases of malignant melanoma were fonnd in the skin, 
tte lungs, the Uver, the spleen, the ovaries, the kidneys, the adrenals, the pancreas the in- 
testinal wall, the heart, the dura, the leptomeninges, and in lymph nodes throughout the body 
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C. Swnmary. — Onlj- a few pationls with any of the diseases discussed in 
this section have been treated Avith HoAvever, the data on these individuals 
suggest that radioactive pliosphorus, in tlie form in Avhich it has been admin- 
istered, is not a satisfactory therapeutic agent for the treatment of Ijunpho- 
epithelioma, malignant melanoma, carcinoma of the gall bladder, carcinoma of 
the breast, Ewing’s tumor, mycosis fungoidcs, or xanthomatosis. 

XI. GENERAL SUJIM..UIY AND CONCLUSIONS 

Eacli section of this paper has been .sumarized independently, and only final 
conelusions will be I’eeorded here. 

Kadioactive phosphorus emits beta-i‘ays capable of producing a profound 
radiation effect on tissues. The therapeutic use of this substance has certain 
advantages compared Avith x-radiation; it is selectively concentrated in organs 
Avith a high phosphorus content such as bone and in tissues the cells of Avhich 
are multiplying rapidly; it is easy to administer, and therapeutic does ncA'crgive 
rise to radiation sickness. The half-life of P’" (14.3 days) pennits steady radi- 
ation of tissues for several Aveeks, yet is short enough so that the destructive 
effect on tissues can be controlled. 

The literature on radioactive phosphorus tlierapy has been analyzed, and 
the results obtained in the treatment of 155 patients at the Mallinckrodt In- 
stitute of Radiology have been presented. The available data appear to ns to 
justify the following conclusions : 

1. Radioactive phosphorus is jirobably the best therapeutic agent available 
at the present time for polycythemia A'era. Complete hematologic and almost 
complete symptomatic remissions can be produced with P” in the A'ast majority of 
patients, and remission from a single course of treatment may last for from si-v 
months to several years or longer. It is not possible at present to cA-aluate the 
effect of radioactive phosphonis therapy on the duration of life of these indi- 
viduals. 

2. Therapy Avith P^* has veiy little effect on the clinical course of patients 
with acute or subacute mj'elogenous leukemia but produces at least as complete 
clinical and hematologic remissions as x-radiation in the chronic form of the 
disease. Freedom from radiation siclmess is a practical advantage which pa- 
tients who have had previous x-ray therapy appreciate. The duration of life 
from the first sjTnptom until death of the patients treated at the Mallinckrodt 
Institute of Radiology suggests that ?=>- therapy prolongs life to approximatel.v 
the same extent as does x-ray therapy (about sLx months). 

3. In the great majority of patients, the clinical coui-se of acute Ijunphatio 

leukemia is not faA^orably influenced by P== therapy. In a fcAv patients clin- 
ical improvement has been obserA'ed, and one patient had almost complete 
hematologic and symptomatic remission of five and one-half montlis’ duration. 
HoAvever, e(^ually dramatic spontaneous remissions of acute Ijnnphatic leukemic 
have been observed in our clinic and elseAvhere. In the treatment of chronic 
lymphatic leukemia, is probably as satisfactory as, but no better than, roent- 

gen radiation. 
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4. Radioactive phosphorus is of no value in the treatment of monocytic 
leukemia. 

5. Hodgkin’s disease, IjTnphosarcoma, reticulum cell sarcoma, and multiple 
myeloma do not respond as favorably to P’" as they do to x-radiation. 

6. From obseiTations on the few patients wlio have been treated, there 
is no reason to believe that is a satisfactorj' therapeutic agent for the treat- 
ment of Ij-mphoepithelioma, malignant melanoma, carcinoma of the gall blad- 
der, carcinoma of the breast. Ewing’s tumor, mycosis fungoidcs, or xantho- 
matosis. 

7. In patients with all the various types of diseases which have been 
treated, P’^ has been shown to have a profound effect on the bone marrow, and 
severe leucopenia, thrombocytopenia, and anemia may occur as complications of 
the therapy. There is -wide variation in the dosage of radioactive phosphorus 
required to produce these complications in different individuals. When more 
than one of the cellular elements of the marrow were depressed in the 'same in- 
dividual, the cytologic changes in the peripheral blood usually occurred in the 
following order: the leucocyte level decreased first, the thrombocyte level sec- 
ond, and the eiythrocj'te level was affected last. 

8. In patients with any tj-pc of chronic leukemia, roentgen radiation is 
more effective in some cases than P^® in bringing about a rapid reduction in the 
size of the spleen or lymph nodes. Therefore, x-ray should be employed when- 
ever the prompt reduction of nodes or the spleen is necessary to relieve symp- 
toms or remove pressure on some vital organ. X-ray may be used to supple- 
ment radioactive phosphonis therapy for this purpose. 

9. Detailed suggestions as to methods of administering P” and the proper 
dosage range for the treatment of patients with polycythemia vera, chronic 
myelogenous leukemia, and chronic lymphatic leukemia have been recorded. 
Therapy must be individualized to a high degree, and the final total dosage for 
any patient must be determined on the basis of repeated blood and bone marrow 
studies and clinical observations. 

10. At present, several different methods are employed in different lab- 
oratories for the assay of the activity of solutions of radioactive phosphorus 
salts. These methods have been discussed by Dr. Martin D. Kamen in the 
Appendix. When the same sample of radioactive di-sodium acid phosphate 
solution was assayed in several laboratories, widely divergent results were ob- 
tained. This fact must be kept in mind in calculating dosage. An attempt 
is being made to correct this discrepancy. 
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Appenbix Table 1. Clikjml Brsm 


■ATIENT 

BEFORE TBEATM: 

syjtPTOirs 

ENT WITH P32 

PHYSICAL SIGNS BDE TO 
POLYCYTHEMIA 

i-nar 

SYMPTOMS 

1 

Fatigability, headaches, itching, 
dizzy spells, vertigo, numbness 
and aching of extremities (7 
F-) 

Fatigability, headaches 

Skin and mucous membranes dark 
red; cyanosis; conjunctivae red; 
spleen fi cm. below costal margin 

All symptoms persisted kt k 
catne less severe and lea ie 
quent 

0 

.Skin and mucous membrane.s red; 
spleen 3 cm. below costal margin 

All symptoms improved greii; 
for 18 mo., then bccarDemr-t, 
continued to have headads 

3 

Itching and lacrimation (7 yr.), 
fatigability (1 yr.) 

Spleen 12 cm. below costal margin 

Each course of P^^ therap; tc 
pletcly relieved all symp'ci 
until E.B.C. count again r- 

■1 

Fatigability, headaches, aching 
pains in legs, dizziness, dysp- 
nea, depression, forgetfulness, 
nosebleeds, blurring of vision 

Skin and mucou.s membranes dark 
red; petechine and ccchymoscs; 
conjunctivae red; apical systolic 
murmur; .«plcen 4 cm. below 
costal margin 

All symptoms disappeared b 
cept headaches, dizziness, a. 
dyspnea, which lessened mw 
quency and severity 

5 

Headaches, tinnitus, vertigo, 
fatigtibility (10 yr.) ; 0 epilep- 
tiform convulsions (11 yr.) ; 
itching, bloating, belching, 
aching in extremities (3 yr.) 

Skin and mucous membranes in- 
tenselj’ red, cyanotic; fundi — 
venules distended ; spleen 3 cm. 
below costal margin; liver 5 cm. 
below costal margin 

No tinnitus, vertigo, fatigaliL? 
or aching in c.vtrenntits; v 
casional mild headaches, iz- 
ing, and bloating; convak'S 
ns before 

1 

Headaches, numbness and tin- 
gling in hands and anorexia ; 8 
mo. prior to Pas therapy had 
sudden loft hemiparesis which 
gradually cleared up 

Skin and mucou.s membranes 
somewhat red; lips cyanotic; 
spleen 4 cm. below costal mar- 
gin 

No headaches or numbnesi «• 
tingling in hands; appe-* 
much better 

7 

Severe headaches with nausea 
and vomiting, transient epi- 
sodes of unconsciousness, burn- 
ing of eyes and lacrimation 

None except spleen is 3 cm. below 
costal margin. B.P., 150/80 

All symptoms completely « 
lieved; still feels well 33 c 
after treatment 

Fatigability, 

improved; prccordial P ,, 
pain in shoulders and ti-' 
unimproved 

8 

Numbness and pain in hands andi 
feet, precordial pain, pain ini 
both shoulders, fatigability, 
drowsiness 

Skin and mucous membranes dark 
red, cyanotic; B.P., 185/115; 
heart enlarged; spleen 18 cm. be- 
low costal margin; liver 14 cm. 
below costal margin 

9 

Left hemiplegia (0 mo.), head- 
aches, blurring of vision, 
fatigability, loss of memory, 
convulsion (4 mo. previously) 

Skin and mucous membranes dark 
red, cyanotic; B.P., 150/120; 
apical systolic murmur; spleen 
3 cm. below costal margin, loft 
hemiplegia 

Fatigability, headaches, s'-* 

and memory sommvhat 
proved; no chan^ 
plegia; continued to tav 
vulsions 

10 

Severe headaches, fatigability, 
acliing and tingling of ex- 
tremities, lower abdominal 
pain 

Spleen 4 cm. below costal margin 

Headaches 

bility no better; 
able because of P®'’'® ,, jjl 
body,” weakness, dyspW^ 
palpitation 

Itching and 
appeared entirely; ot 
toms lessened in seve 7 

11 

Headaches, dizzy spells, severe 
itching, substernal pain, ach- 
ing in hips and thighs, mod- 
erate fatigability 

Skin and mucous membranes red; 
ecchymoses on thighs; B.P., 
155/100; spleen tip palpable 
just at costal margin 

12 

Sensation as though head were 
twice normal size, headaches, 
dizziness, nervousness, blurring 
of vision 

Skin and raucous membranes bril- 
liantly^ red; nails and lips 
cyanotic; engorgement of ven- 
ules (fundi); B.P. 150/120; 
spleen 12 cm. below costal mar- 
gin; liver 4 cm. below costal 
margin 

All sj^mptoms completely j; 
except for nervousne. j 

occasional slight dizzy r 
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Thibtt Patients With Poi.vcythemia 


xEBAPY 

PHYSICAB SIGNS 

FXMAnKS 

abnormal findings; spleen not palpable I 

Course complicated by marked nervousnc«s, severe menopausal 
symptom-’, and marital strife 

abnormal findings except barely palpable 
pleen for 15 mo.; many findings thereafter 

Two years after onset of therapy, patient developed progressive 
leueocytosi-’, anemia, thrombocytopenia; died with “myelog- 
enoii-' leiihemia ’ ‘ 

een 1-4 cm. below costal margin 

Phlebotomic-! (12 liter.- in 4 yr.) prior to P''^ therapy onl> 
partially relieved -ymptoms 

[or normal; no petechiae or ecchymoses; 
lonjnnctivae clear; no murmurs; spleen 
lot palpable 

Patient 60 yr. old; has liad hypertension (160-180/100-110) 
for many years; fundi show sclerotic changes, and EKG 
showed “myocardi.al damage” 

lor normal; no distention of venules 
(fundi) ; spleen barely palpable on deep 
.aspiration; liver not palpable 

Patient 42 yr. old; elect rocncephlogram did not show changes 
suggestive of epilep-’y; much greater relief from pss than 
from phenylhydrazine taken previou-ly 

lor normal; spleen not palpable 

Patient also had fine tremor (? postencephalitic) and hypo 
gonadism; left town 0 mo. after treatment; not seen there- 
after 

abnormal findings; spleen not palpable; 
.P., 125-135/70-80 1 

Treated for 4 yr. prior to P^z therapy by repeated venesection 
(about 500 c.c. every eight weeks) TOth partial relief of 
symptoms 

ir pale; E.P., 150-160/80-110; heart un- 
langed ; spleen 5 cm. below costal margin ; 
ver 10 cm. below costal margin 

EKG showed right bundle branch block; x-ray of spine showed 
marked hypertrophic spurring of cervical vertebrae 

or normal; B.P., 110-120/70-95; no mur- 
lurs; spleen not palpable; hemiplegia un- 
hanged 

Neurologic signs suggested thrombosis with encephalomalacia 
involving the right pyramidal system as cause of the hemi- 
plegia 

) of spleen just felt at costal margin on 
aspiration 

Previously treated with Fowler’s solution, phenylhydrazinfi and 
phlebotomies with indifferent results; diagnosed’ bv 
psychiatrist as having severe psychoneurosis 

abnormal findings except slight hyper 
ension; B.P., 145-160/80-100 

During last year patient has complained of numbness of feet 
and pain and stiffness in hands; x-rays negative 

lor normal; no cyanosis or engorgement oJ 
lenulcs; B.P., 140/100; spleen 7 cm. belov 
; 'ostal margin ; liver not palpable 
/• 

^ Patient previously treated with phenylhydra 2 dne ; symptomatic 
relief not as good as following psz; delivered normal baby 
nine months after la-it injection of P-’z 
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[ENT 

3 


.4 


15 


16 


17 


18 


19 


20 


21 


22 


Appendix Table 1. Clikioai. KESiiiTSi 


BEFORE treatment WITH p32 


SYMPTOMS 

Hedness of ej’OS and lacrimation, 
blurring of vision, itching, 
soreness and bleeding of gums 

“Dazed feeling,’’ headaches and 
shooting pains in liead, aching 
in extremities, itching of skin, 
fatigability, palpitation; blind 
in loft eye for 2 yr. 


Severe constant burning of 
tongue and bitter taste in 
mouth, moderate itching of 
skin, fatigability 


PHYSICAL SIGNS DUE TO 
POLYCYTHEillA 

Skin slightlj’ redder than normal; 
Bplcott C cm. below costal mar- 
gin; liver ."5 cm. below costal 
margin 

Skin and mucous membranes 
bright red; slight cyanosis; loft 
optic atrophy; moderate pul- 
monary emphysema; B.P., 
150/90; spleen 9 cm. below 
costal margin; liver C cm. be- 
low costal margin 

Skin and mucous membranes 
bright red; “erythema multi- 
forme’’ on trunk; conjunctivae 
red; spleen edge felt just at 
costal margin; liver not pal- 
pable; B.P., 150/80 


AITE! 

SYJIPTOMS • 

iUl original sj-mptoms rete 
c.xccpt blurring of vi-' 
(glasses checked and foind 
bo correct) 

No sjTnptoms except ver; t 
liea’daclics and occasional di: 
spells; mild itching now ti 
fined to face only; blinb 
of left eye unchanged 


Itching of skin and fatigalS 
disappeared entirely; hnin 
of tongue and bitter taste i 
bothers her only infennillei 


Constant headaches, weakness 
and fatigue, deep pain in both 
legs, severe itching, pain and 
burning in eyes, clumsiness of 
left arm and log 


Skin and mucous membranes bril- 
liant red; cyanosis; blotchy 
erythema on chest; conjunctivae 
red; spleen tip palpable just at 
costal margin; liver not pal- 
pable; B.P., 150/90 


Patient now has only nu® 
aches and occasional t!i 
aching in thighs; ah 
symptoms completely 1 ® 


Severe pain in both logs, burn- 
ing of eyes and lacrimation, 
epistaxis, nervousness, exces- 
sive perspiration 


Fatigability, headaches, dizzy 
spells, itching, acliing and 
numbness of extremities, blur- 
ring of vision 

Nervousness for many years, 
dizziness and nausea (1 yr.), 
severe chorea and inability to 
talk coherently (1 mo.) 

Languor, drowsiness, difficulty 
concentrating, lack of interest 
in his work, blurring of eyes 
and of vision 


Partial right hemiplegia (6 wk.), 
incoherent speech, dj-spnea, 
blurring of vision, severe de- 
pression 


Skin and mucous membranes mod- 
erately red; slightly cyanotic; 
conjunctivae red; venules dis- 
tended (fundi) ; spleen 11 cm. 
below costal margin; feet wot 
and cold 

Skin and mucous membranes 
slightly redder than normal; 
spleen palpable right at the 
costal margin 

Face red; heart moderately en- 
larged; apical systolic murmur; 
spleen tip palpable bn inspira- 
tion 

Quite thin; mucous membranes 
bright red; marked tortuosity 
and ^ distention of vessels in 
fundi; spleen palpable right at 
costal margin 

Skin and mucous membranes 
slightly jmddj-; right arm para- 
lyzed ; right facial paralysis ; 
speech incoherent; pulmonary- 
emphysema; spleen felt at costal 
margin 


All symptoms completely tthe 


Patients still has occasiensD 
headaches, _ rare dkey -i 
and pains in legs 


iticnt still ebmewbat nerji 
all other symptoms comp" 
relieved 

1 symptoms 
for 6 mo. ; drowsiness 
of interest then 
(blood still normal) 

rspnea, blurring of 
depression have c < 
cleared up ; speecli 
proved; right arm s 


Severe headaches, marked weak- 
ness and fatigability 


Skin and 
bright 
170/115; 


mucous membranes 
red; cyanosis; B.P., 
spleen not palpable 


All symptoms completely 


leli 
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'TT PATffisxs With Poltcytuemia— Cokt’d 


APT 


PHYSICAL SIGNS 


REMARKS 


ibnormal findings; 
Ipable 


liver and spleen not 


One month after last injection of P^* patient stopped men- 
struating; over since then she has had hot flashes^ and 
nervousness; venesection (for 4 mo. prior to P^z) relieved 
most of symptoms 


r normal; optic atrophy and pulmonary 
nphysema as wfore; B.P., 130-150/80-90; 
jleen not palpable; liver 2 cm. belovr 
)stal margin 


Patient previously treated by phlebotomies with partial relief 
of symptoms; patient had been unable to worK for 10 yr. 
prior to P« therapy; now works 11-12 hours a day on his 
farm 


abnormal findings except B.P., 
50/80; spleen not palpable 


145- 


For years, patient had made it a practice to mb red pepper 
on tongue to relief the bitter taste; sometimes did this 
several times a day 


abnormal findings except B.P,, 
; 50/80-90 

f 


140- 


8 mo. before P^* therapy was started he had a sudden paralysis 
of left arm and leg; this gradually improved during period 
of several months, leaving only slight clumsiness 


abnormal findings; spleen not palpable 


Patient prewonsly treated with phenylhydrarine with very poor 
results; then controlled by repeated phlebotomies wbich gave 
temporary relief from aU symptoms except severe pain in legs 


abnormal findings; spleen not palpable 


1 phlebotomy (250 c.c.) performed 1 mo. after last injection of 
P32 (first coarse ) ; f pains in legs due to varicosities 


abnormal findings except an apical 
ystolic murmur 


Patient's mother had polycythemia; 6 wk, prior to Psi tijerapy 
patient had 4 x-ray treatments ; 3 wk. prior to Pas therapy 5 
phlebotomies (totaling 2300 c.c.) performed; chorea im- 
proved before P^z given 


normal; spleen not Previonriy treated with phenylhydrazine and venesections with 
Jalpable little relief of symptoms; recent return of symptoms due to 

severe depression brought oa by fiancee breaking engage- 
; ment 


a! difficult to under- 1 Patient treated with phenylhydrazine for several weeks and 2 

.nana hut greatly unproved; _ spleen noj phlebotomies performed before patient came to St. Louis for 

treatment; 3 additional phlebotomies performed inst ■orioi 
to P32 therapy - f 


'.onger palpable; other physical signs nn- 
>haugea 


or normal; B.P., 180-220/120-135 


2 phlebotomies (450 o.c. each) performed, 1 on day Pjz riven 
and other 2 days later; EKG showed evidence of severe myo- 
cardial damage 


/ 
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■ATIENT 

■“^3 1 


24 


25 


26 


27 


28 


29 


30 


ArrcNDix Table 1. Clinical Besiik 


'Severe headaches, dizziness, itcli 
ing, dyspnea, palpitation, at- 
tacks of substernal pain asso- 
ciated with breathlessness, 
fatigability 


Mild headaches, dizzy spells, 
fatigability, aching in thighs 
and legs, brief episodes of in- 
ability to move legs, frequent 
bruises, itching 


Mild headaches, dizzy spells, ach 
ing pains in extremities, drow 
siness, itching, blurring cf, 
vision, epigastric pain and 
vomiting 


SYMPTOMS 


BEFOIIE THEATMENT WITH P32 

PHYSICAL SICKS PUE TO 
POLYCYTHEMIA 


Browsiness, uncontrollable yami 
ing, mild headaches, dizzy| 
spells, itching, pains in back' 
and tliighs, numbness of hands 
and feet, frequent bruises, 
jiolyuria, nervousness, hot 
flashes 

Headaches, weakness and futiga 
bility, dizziness, itching, tin- 
nitus, repeated “attacks’' 
characterized by severe ver- 
tigo, blurring of vision and 
rigor 

Severe headaches, profound fafi 
gability, dyspnea on exertion, 
swelling of ankles 


Headaches, pain in legs, itching, 
blurring of vision, repeated 
“heart attacks” characterized 
by pain in chest and cpigas 
trium, palpitation, dyspnea 

Fatigability, dyspnea, headaches, 
dizzy spells, aching in extremi- 
ties, itching, smarting of eyes 
and lacrimation, indigestion 


Skin and mucous rocrabrancs 

bright red; cyanosis; conjunc- 
tivae red; B.P,, 150/100; lionrl 
moderately enlarged; apical 
systolic 'murmur; expiratory 
wheezes throughout both lungs; 
spleen 5 cm. below costal mar- 
gin; liver 10 cm. below costal 

margin 

Skin and mucous membranes, 

bright red; conjunctivac red; 
venules greatlv distended 
(fundi); B.P.' 155/100; fre- 
quent premature systoles; spleen 
tip felt right at costal margin. i 

Skin and mucou.s membranes red; 
cyanosis; conjunclivac red; ves- 
sels of fundi sclerotic; pul-, 
monarj' emphysema; spleen tip, 
felt 2 cm. below costal margin 

Skin and mucous mombmnes 

bright red; cyanosis; distention 
of venules (fundi) ; spleen 13 
cm. below costal margin; liver 
G cm. below costal margin 


Asthenic; malnourished; disten- 
tion of venules (fundi); spleen 
2 cm. below costal margin 


Skin and mucous membranes 
bright red; pronounced cj-anosis; 
conjunctivae red ; venules of 
fundi distended; .spleen 2 cm. 
below co.stal margin; liver 3 cm. 
below costal margin ; B.P., 

150/100 

Skin and mucous membranes 
bright red; cyanosis; heart and 
lungs normal; B.P., 130/80; 

spleen not palpable; clubbing of 
finger-s 

Spleen 8 cm. below costal margin; 
I no other abnormal findings 


SYMPTOllS 


All previous sjTnptoms cleaiti 
entirely except itdiing ri 
decreased greatly in inteK 
however, patient now ha? o 
sional unconlrollable “ci; 
spells” and loss of libido 


Lui symptoms greatly impw 
only significant compbirh 
lack of pep and mild itddi 


Dizziness, aching in cxlit® 
drowsiness, and blomtj 
vision cleared up sntii 
headaches now mild ntd s 
quent ; itching and ul«i 
tows unimproved 

ipatient still hothercd byi 
drowsiness, an oceasioml ' 
spell, bruises, cramps '2 
and hot flashes; nil 
symptoms have cleared nj 
general, greatly 

All symptoms ■ greatly loP' 
but still lias occasioMl 
hcadnclie; feels mudistroi 
no “attacks” 


All previous symptoms n 
plctely relieved; now 
and edema of right ko 


AH symptoms completely k! 
‘ except • for an Mcasioa 
headache and dizzy sp 


All symptoms relieved 
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(IRTY PATIEKTS WlTH POLYC VTHEMI A— CON'T '» 


ERArV 

PllVStCAli SIQKS 

lor normal; B.P., 120-135/85-100; auricular 
Sbrillation ; lungs clear but breath sounds 
listant; spleen not palpable; liver 8 cm. 
below costal margin 


REMARKS 

During 3 wk. preceding first injection of P-* 8 phlebotomies 
done (3,900 c.c. blood withdrawn); during next 2 mo. 2 
more phlebotomies done (500 c.c. each) ; EKG showed only 
flat T wave.= in fir.st tliree leads 


abnormal findings except auricular fibril - 
ition; spleen barely palpable on deep in- 
piration 


lor normal; spleen not palpable; other find- 
ngs nnchanged 


Gastrointestinal x-rays sliowed pyloric obstruction 


in normal; spleen tip palpable just at 8 yr. prior to first therapy with patient had epigastric pain 
costal margin relieved by food; four years later had heniatemesis; X-rays 

at this time showed duodenal ulcer 


j abnormal findings 


Previously treated by phlebotomies with partial relief of 
symptoms 


• abnormal findings except pitting edema 
.of right leg 


/n and mucous membranes stiU redder than 
'formal; cyanosis less marhed; clubbing of 
Angers as before 


Previously treated by phlebotomies with great improvement but 
not as good as following pAs • 2 yr. ago patient had typical 
peptic ulcer symptoms which cleared up on diet and allcalies; 
4 phlebotomies (500 c.c. each) done during first 2 wk. of 
PsA therapy; developed thrombosis of deep veins of right leg 
4 days after Paa therapy 

Previously treated with phenylhydrazine and phlehotomies with- 
out si^ificant relief of symptoms; patient apparently had 
a coronary occlusion 4 yr. previously, confirmed by EKG; 
patient has only been followed for 3 mo. since initial injec- 
tion of Pa 2 ■(vas given, and blood counts have not yet re- 
turned to normal 


jeen smaller (actual measurements not 
'-akca); no other abnormal findings 


Patient was treated for 1 yr. by phlebotomies (500 c.c. with- 
drawn every 10-14 days) ; last phlebotomy 10 days before 
P32 injections; each phlebotomy relieved symptoms for 
about 1 wk. 
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(C) Very loud murmur =: +1-H loud murmur = faint muimur = t; no murmur = 0. 

(7) PlBurcH (jlvo not\uU mcnsuromont of "iplcon or llvor odtro below tlio costal marpln In tho anterior axlllao’ lino and In mid-clavicular 
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APPENDIX 

REMARKS ON THE ASSAY OF RADIOACTIVE PHOSPHORUS 
JMartin D. Kamkn, Pii.D. 

Tlie activity of any radioactive substance is referred to an absolute stand- 
ard, the “curie.” Any substance emitting tlie same number of primarj’ 
particles per second as does one gram of pure elementary radium is said to 
possess an activity of one curie. The most recent value for the number of dis- 
integrations experieneed by one gram of radium per second is 3.47 times 10’°. 
The assay of a radiophosphorus preparation then involves the determination of 
tlie number of disintegrations P^- undergoes per second referred to this unit, 
The P”” radiation, unlike that of radium which emits alpha and gamma rays, 
consists almost wholly of beta particles exhibiting the usual continuous beta 
spectrum and possessing a maximum energy' of 1.G9 millions of electron volts 
(M.E.V.). Detection of beta-ray-s involves an experimental setup radically 
different from that required in work with alpha and gamma ray's. It is ap- 
parent, then, that a beta-ray standard is needed with which P^” samples can be 
compared and which, in turn, can be calibrated properly with respect to the 
curie standard. 

It is not a simple mater to translate into curies the rcsjionsc of the various 
measuring instruments available, since the beta-rays produce an effect which 
is dependent on the geometry employed and the amount of absorbing matter 
through which they pass. In addition, the energy with which the beta-rays 
enter the sensitive volume of the detector determines the efficiency with which 
they' are detected. In this brief note, only methods widely' practiced at present 
for assaying radiophosphorus will be described. It is obvious that' develop- 
ment of newer types of detectors expedited by war research should greatly modify 
the procedures employed in determinations of P^- dosage in future work. 

Of the various detectors possible, two main types arc employ'cd : namely, 
electroscopes and. Geiger counters. The voluminous literature on these in- 
struments which has been made available in recent years renders unnecessary 
any discussion of them here or the principles underly'ing their use. The main 
type of electroscope used is the Lauritsen.® This instrument is a refinement 
of. the familiar gold-leaf electroscope, the main improvement being the sub- 
stitution of a gold-covered single fiber of quartz for the gold-leaf The electro- 
static capacity is about 0.2 centimeters and the charge sensitivity about 1 scale 
division for every 10“ ion pairs. The motion of the quartz fiber is observed 
through a telescope ocular. In most cases, the instrument is supplied with a 
rather thick alummum wall. To increase sensitivity to beta-ray's, a portion of 
this wall IS cut away and a thin aluminum foil (~ mil thick) substituted. 

A variety of Geiger counters is available, but since the samples are most 
conven iently mounted in dishes or flat planchettes, the open end “bell-.iar” type 

•see Lauritsen. C. C. and LauHteen. T.: Rev. Sclent Instnimente 8: 438. 1937. 

216 



RADIOACTIVE I’HOSPHORUS ^VS THERAPEUTIC AGENT 


217 


of counter is most often employed. The Geiger counter is many orders of mag- 
nitude more sensitive than the Lauritscn electroscope hut more complicated to 
maintain and operate, ’With either land of detector two methods are available 
which one may label ‘ ‘ absolute ” and “ differential. ” In the “ absolute ’ ’ method, 
the detector has a known response to the beta-rays and the activity can be read 
directly from the effect given by the detector. In the “differential” method, the 
response of the detector is unknoivn, but comparison is made using a standard 
■with a Ivuown activity and with a radiation identical or closely similar to the 

radiation, both standard and unlcnoivn being measured under identical 
conditions. 

The most popular standard for use with the differential method is a radio- 
active daughter of uranium, namely, UX,. In the uranium series, the parent 
uranium disintegrates by alpha emission with a half-life of 4.6 x 10” years to 
UXi. The TJXi in turn emits a low energy beta-ray (completely absorbed in 
~ 25 mg./em. — Al) with a half-life of 24.5 days, deeajnng to UX,. (A negligible 
fraction of UX^ disintegrates to a nuclear isomer of UX7 which is known as 
Ui'anium Z.) The beta radiation from UX, (half-life of 1.14 minutes) has a 
maximum energj* of about 2.3 millions of electron Amlts and resembles quite 
closely that from P””. Any sample of reagent uranium or uranium salt is, by 
virtue of these disintegration relations, in equilibrium with the radioactive 
daughters of uranium. Thus, a given weight of uranium can be computed to 
be the equivalent of a certain amount in curies of UX,. By spreading a 
weighed amount of uranium or uranium salt in a dish similar to that used 
in determining the phosphorus and covering the radioactive substance vdth 
sufficient aluminum foil to cut out all but the UX, radiation, it is possible 
to devise a standard with a Imown activity in microcuries for direct comparison 
with the P”® sample. If a Lauritsen electroscope is used, the amount of uranium 
needed is large enough so that some UXj radiation is lost by seK-absorption in 
the sample and a correction must be applied. Thus, to obtain a microcurie 
(10'® curies), the quantity of uranium oxide (UjOg) required is 3.5 grams. 
When spread on a dish with an area of 10 cm.,” this gives an absorption thick- 
ness of 350 mg./ cm..- A sample one-tenth as strong as this is a convenient one 
for use with the electroscope. In this case one must correct for an absorption 
of 35 mg./em.= The absorption of the beta-rays is logarithmic, half -value cor- 
responding to approximately 110-120 mg./cm.” in aluminum. The absorption 
correction must be determined separately in each laboratory since the curve is 
a function of the particular electroscope and geometry employed. Thus, the 
scattering of the electrons in the material of the dish and adjacent objects af- 
fects markedly the absorption cmwe obtained. In working with Geiger counters, 
much thinner samples can be used because of the greater sensitivity of the 
counters. In any case, a correction for the aluminum foil used to exclude UXi 
radiation is essential. ^ 

Such a standard has been employed mainly by the laboratories at the Uni- 
versity of California and at Washington Uinversity. A recent cross-check of 
the standards used in these two laboratories shows that agreement within 25 
per cent in the absolute A'alue of the microcurie obtains, the St. Louis value 
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being the lower. Rcccnlly, I liave found that about two-thirds of this discrep- 
ancy can be explained by inlioinogcncities in spreading of the P sample with the 
particular geometry used at St. Louis. Thus, the St. Louis value now agrees 
witli the California microeurie Avithin 10 per cent. 

Eadiophosphorus supplied by the Eadialion Laboratory at Jlassachusetts 
Institute of Technology is a.ssaycd by the “absolute" method. To obtain a 
Geiger counter which has a known response to beta-rays, a radioactive sub- 
stance Avith knoAvn disintegration scheme emitting both beta and gamma ravs 
is measured, using' the counter to determine coincidences betArmen beta and 
gamma ra3"s. Bj" using several such substances and a Amricty of absorbed, it 
is possible to determine the variation of counter cfficienc.v with beta-ray energy. 
This counter, once calibrated in this fashion, is used to determine the counting 
rate of a Radium E source in equilibrium Avith its parent 22 year Radium D. 
Tliis sei'A'cs as a reference source to check A'arintions in counter efficiency from 
day to day'. The microeurie standard determined in this manner at II.I.T. is 
smaller than those at either Berkeley or St. Louis by a factor of 2.4. Thus, a 
sample of i-adiophosphorus measured in St. Ijoiu's as 100 microcuries is measured 
at M.I.T. as 240 mieroenries at present. This discrepancy' should be borne in 
mind Avlien response to therapeutic dosages iii dilferent laboratories is compared. 
The reason for this discrepancy is obscure. Nothing in the present procedures 
used indicates an error in either method of more than 10 per cent. In prepar- 
ing samples at Berkeley and St.'Lonis, an aliquot of the P*- solution is pipetted 
into a bottle cap or porcelain dish, CA'aporated, and mounted under the detector 
AvindoAv. The standard prepared in precisely the same kind of holder and 
mounted in the same place is moa.surcd in identical fashion. The ratio of the 
tAVo readings gives directly the strength of the P^- sample. In the M.I.T- 
method, the aliquots arc pipetted onto paper planchette.s, dried, and placed in 
contact Avith the counter AvindoAA'. The RaD standards are prepared and as- 
sayed in precisely the same fashion. The ratio of the readings corrected for 
the effieieney' of the counter to P^' radiation energy gi\'es the strength of tbe 
P^- sample.’' 

Investigations are noAV proceeding at all tlirce institutions to eliminate the 
discrepancy. Since the prospect of a rapid expansion in radiophosphorus 
therapy is not remote, it Avould appear advisable to make available a standardized 
procedure Avhlch is simple and reliable and in Avhich there is agreement among 
all Avorkers in the field. Prescriptions for precision beta-ray standards resulting 
from these inA'estigations should make precision standards available. 


ployealt Vi!'?: I- Irvine. Jr., for 


description of the method cm 



THE TREATMENT OF ULCERATIVE COLITIS WITH 
NISULFADINE AND NISULF^VEOLE 


Ralph H. Major, ^LD. 
ILvicsas City, ILix. 


U LCERATIVE colitis is a disease of uncertain etiologj'. In 1931 Hurst 
stated that in his opinion “the disease is a form of bacillary dysentery.” 
However, some ten years later, after a study of both chronic bacillary dysen- 
tery and chronic ulcerative colitis in North China, Snapper stated flatly that 
“as far as x-ray evidence chronic ulcerative colitis must certainly be 

distinguished from chronic bacillary dysentery.” 

In 192-t Bargen reported the presence of a gram-positive diplostreptococ- 
cus in 80 per cent of the eases of chronic ulcerative colitis at the Mayo Clinic. 
He thought this finding of etiologic importance. However, to quote Willard, 
“Most observers have been unable to confirm Bargen ’s findings in any large 
percentage of cases.” Paulson, Dukes, Maekie, and Kessel have criticized 
Bargen ’s work. Kessel, in his studies on the bacteria found in the colon of 
normal individuals and in patients with ulcerative colitis, states, “There w’ould, 
therefore, appear to be no room to regard the streptococci described as Bar- 
gen’s diplostreptocoecus as being essentially different from other types of 
alpha streptococci commonly recovered from the human alimentary tract and 
his strains may belong to the species Streptocorcnn fccMlis, Streptococcus rnitis, 
or Streptococcus scilivarixis.” 

Another claimant for the role of etiologic agent is the Bacterium necroph- 
orum, studied particularly by Back and his co-workers. Their work is of great 
interest but awaits further confirmation. 


The possible relationship of the virus of lymphogranuloma venereum, or 
of a similar virus, to ulcerative colitis has been .suggested by several observers. 
Rodaniche, Kirsner, and Palmer in 1940 studied this problem in thirty-four 
cases of chronic idcerative colitis. They concluded that “the fact that thirty- 
two out of thirty-four patients (94 per cent) with chronic ulcerative colitis 
and proctitis in this series had negative Frei tests and showed no evidence of 
neutralizing antibodies in their serums against the virus of lymphogranuloma 
venereum indicates that this ^^^us was in no way involved in the great major- 
ity of cases.” 


The role of psychogenic factors in the etiology of chronic ulcerative coRtis 
has been stressed by many writers. The emotional instabiHty of many of these 
patients is a fact beyond dispute. However, to assign to it a role beyond that 
of a predisposing cause would require more pr.oof than has yet been brought 
fo^d. Allergy and dietary deficiencies have been suggested by some as 
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etiologic factors. Here again, a definite relationship is difficult to prove, at 
though dietary deficiencies are frequently seen in these patients just as they 
are in other patients suffering from entirely different diseases. 

If we find the literature on the subject of the etiology of chronic ulcera- 
tive colitis confusing and unconvincing, a review of the methods proposed for 
the treatment of this disease offers little. The therapeutic procedures pro- 
posed (vitamins, artificial fever, oxygen, vaccines, serums, and rectal instilla- 
tions) are a clear indication that none of them are adequate. The only pos- 
sible exception is therapy with sulfanilamide and related drugs, where encour- 
aging results have been reported by several observers, notably by Bannich, 
Brown, and Foster. 
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Flp. 1. 


During the past four years we have treated twenty-one patients suffering 
from chronic ulcerative colitis with two new compounds which we have e®- 
ployed in several other studies. These compounds are 2- (p-nitrobenzene snl- 
fonamido) -pyridine, which we shall call nisulfadine, and 2 -(p-nitrohenzene 
sulfonamido)-thiazol, which we shall call nisulf azole. The relationship 1®' 
tween sulfapyridine and nisulfadine and between sulfathiazole and nisulfazoio 
is shovvn in Mg. 1. The physical properties and some of the reactions of these 
substances have been described in previous papers. A few of these properties 
may bear a certain relationship to their apparent therapeutic action.* 

Nisulfadine is reduced in the intestinal tract to sulfapyridine ; nisulfazo^®' 
to sulfathiazole. Most of this conversion takes place in the colon and may 
the result of bacterial action. In test tube experiments, Baalhis coli, BacUhs 
typhosus and Bacillus dysenteria (Shiga, Flexner, and Hiss strains) produce a 
reduction of the nitro compounds when the concentration of these compounds 
does not exceed 4 mg. per cent. Approximately 50 per cent of the nisulfadine 
is converted into sulfapyridine and 50 per cent of the nisulfazole is changed 
to. sulfathiazole. When the percentage of the nisuKazole in the broth was in- 
creased, it was found that the growth of the Hiss, Shiga, and Mexner strains 
of B. d ysenteria. was markedly inhibited, while B. coli and B. typhosus were 

♦Supplied throuEh the courtesy of George A. Breon & Company, Inc.. Kansas City, Mo- 
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little affected. Both nitro compounds, especially nisulfazole, produced a 
narked inhibition in the growth of Streptococms viridans, Sir. fecalis, and 
streptococcus liemolyticus. 

The results of the oral ingestion in dogs are shomi in Tables I to IV. 
RTien nisulfadine is administered by mouth, approximately 25 per cent ap- 
pears in the blood as sulfapyridine after four hours (Table I) ; "with nisulfazole, 
)nly a faint trace of sulfathiazole appears in the blood after seven hours 
(Table IT). This suggests that nisulfazole is less rapidly reduced and also 
less readily excreted by the urine. Observations on patients show similar 
results (Table HI). 

Our observations on the treatment of chronic ulcerative colitis with ni- 
sulfadine and nisulfazole were made on twenty-one patients, the small number 
of patients treated being due partly to the difficulty of obtaining sufficient 
supplies of these drugs. 

Clinically, all of the patients had shown chronicity and a marked tendency 
to severe recurring attacks. In each case the clinical diagnosis was confirmed 


Table L Blood Values foe Sulfapyridine and Nisulfadine in the Dog Aftep. the Oral 
Administration op Nisulfadine 4.35 Gm. 


BLOOD 

(hr.) 

sulfapyeidtne 

(MG. 

NISULFADINE 
(MG. %) 

2 

Trace 

1.13 

4 

1.02 

0.48 

8 

1.92 

’ 0.55 

12 

3.24 

0.30 

24 

2.79 

0.41 


Table H. Blood Values foe Sulfathiazole and Nisulfazole in the Dog Aftee the Oral 
Administration of Nisulfazole 5 Gii. 


BLOOD 

(HR.) 

2 

4 

7 

24 


SULFATHIAZOLE 
(MG. %) 

None 

Faint trace 
Faint trace 
2.0 


NISULFAZOLE 
(MG. %) 
0.59 
0.75 
4.S0 
2.30 


Table HX Blood Values of Sulfapyridine, Nisulfazole, Sulfathiazole and 
Nisulfazole in Patients ’ 


SULFA- NISDL- 


pyeidine* fadine 

DVIE (MG. %) (MG. 


9/ 4/41 

5.75 

2.90 

9/ 6/41 

4.30 

1.50 

0/ 8/41 

2.30 

2.00 

9/10/41 

4.05 

1.80 

9/15/41 

4.70 

3.60 

9A7/41 

6.35 

2.45 

9/20/41 

7.90 

3.20 

Patient received dnriiig 

this period an 

average dose of 3 Gm. nisulfadine 

dailv 




DATE 


2/27/42 
3/ 3/42 
3/ 6/42 
3/11/42 
3/13/42 
3/18/42 
3/21/42 


sulfa- 

thiazole* 

(MO. %) 


1.1 

0.7 

0.8 

0.8 

1.0 

1.6 

1.5 


NISUL- 
FAZOLE 
(mg. %) 


6.1 

6.1 

6.7 
6.2 

5.8 
8.4 
9.2 


Patient received during this period 4 
6m. nisulfazole dailv 


as sulfapyridine and sulfathlaeole. 
pounds containing amino groups giving the characteristic color 


Actually knotvn only as cotn- 
reactlon rvlth sodium nitrite. 
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by roentgenologic evidence and by the demonsti-ation of ulcers on proctoscopic 
examination. We were impressed by two complications. First, severe anemia 
of the secondary type was observed in every patient and could not be e.v 
plained by the loss of blood from the bowel. Severe anemia, as a concomitant 
finding in ulcerative colitis, has been .sti'cssed by several observers, notably by 
Sehemensky. Second, four of our patients .showed ulcerations on the skin.' 
particularly on the arms and legs. One patient had sucli deep ulcers on the 
legs that contractures of the log mu.seles appeared, nece.ssitaling orthopedic 
measures. This complication has been studied b.v many observers. Felsen 
reported three cases from which he isolated, respectively, B. coli, Staphjlo- 
coccus aureus and a nonhemolytic .streptococcus. All of our cases began vith 
a small subcutaneous absee.ss, which gradually increased in size, then burst, 
discharging thick, creamy pus and lea%dng an ulcer. The pus, on direct smear, 
showed no organisms and the cultures made both aerobically and anaerobically, 
and in a variety of media, showed no growth. 

Four of the patients are dead. One patient died of coronary occlusion 
two years after discharge from the hospital, having had no symptoms of 
colitis during the interval. Another patient died one month after cessation 
of all intestinal .symptoms, the cause of her death being unknown. A third 
patient died from lobar pneumonia two years aftcj’ di.smissal from the hospital, 
apparently well. A fourth patient who also suft’ered from bronchiectasis died 
six months after dismissal from the hospital, the cause of death being probably 
pneumonia complicated by i-eeurrence of ulcerative colitis. One patient ■'vas 
operated upon and an ileostomy performed. Under treatment with nisulfa- 
zole the number of stools before operation was reduced from a daily average 
of from eighteen to two. 

All of the patients treated were greatly improved, including those vho 
subsequently died. Seventeen of these patients are now free from symptoms 
and show normal roentgenograms ; seven are markedly improved, four of these 
being still under observation and recei-idng treatment from time to time. The 
drug first used was nisulfadine, but later nisulfazole was employed exclusively 
since it produced less nausea. The initial dose was from 4 to 6 Gm. in twenty- 
four hours ; vdth clinical improvement, this dose was reduced to 2 Gm. Reduc- 
tion in the number of bowel movements was prompt and striking. In 
patients, after two weeks of therapy, enemas were occasionally necessary to 
produce bowel movements. Prolonged medication over a period of months 
caused no untoward sj'mptoms, although in several instances a reduction m 
the leucocyte count led us to discontinue medication for a brief interval. 

The drug was administered in three forms. The patients reeeivmd first the 
compound in tablets. In some instances the tablets soon produced nausea 
in their place a pectin suspension of nisulfadine was employed. This was 
usually tolerated by the patient. In some patients, nisulfazole in a pectin 
suspension was administered by rectum. This method of administration was 
usually promptly effective and produced no nausea. More recently, enteric- 
coated tablets of nisulfazole have been employed. These are effective and 
apparently produce no nausea. However, while the patient has diarrhea, they 
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may pass tbroiigli the intestinal traet unchanged because of the active peri- 
stalsis and are usually ineffective during the first days of the treatment. The 
method of administration may vary with the individual and a decision as to 
the best method awaits further e.vperience. 

In addition to drug therapy, the patients were placed on a diet with a 
minimum of residue and received vitamin therapy, especially B complex, and 
those wth marked anemia were given blood transfusions. 

In Table IV are given data on the patients studied in the iledical Clinic 
of the University of Kansas. 

A few additional remarks should be made regarding the data given in 
Table TV. The term recovery is employed when the patient is symptom free 
and the x-ray picture shows a normal colon. The term improvement is em- 
ployed to designate patients who have no diarrhea and have normal stools 
but show stenosis on thickening of the colon in the x-ray picture. Patients 
14, 18, 19, and 20 are symptom free at present but still show a narrowed and 
constricted colon. These patients had suffered from chronic ulcerative colitis 
thirteen years, ten years, eighteen years, and twelve years, respectively. These 
changes in the colon are probably permanent. 

The term slight relapse is employed in four instances where the patient 
developed a slight diarrhea and following instructions returned promptly to 
the hospital for treatment, to wdiich they responded promptly. 

The folio-wing are twm typical case histories ; 

D. B., aged 37 years, -was admitted to the University of Kansas Hospitals Aug. 4, 
1942, complaining of diarrhea. The family history was negative. Bast history: the pa- 
tient had enjoyed good health up to the onset of the present illness, which began approxi- 
mately six years before admission to the hospital, and since that time had had continued 
diarrhea which had resisted all types of therapy. The diarrhea had increased in severity 
through the years. Puring the past two months the diarrhea had been particularly severe, 
the patient having never less than eight and often as many as twenty stools in twenty- 
four hours. 

Physical examination showed evidence of marked loss of weight; Proctoscopic exam- 
ination showed mucous bleeding and numerous ulcerations in the rectum. The patient 
weighed 111 pounds. Admission blood count was 3,600,000 red cells, 6,700 white cells, and 
68 per cent hemoglobin (10.5 Gm.). X-ray of the colon showed a colon devoid of hanstra- 
tions, varying greatly in diameter, being narrow in the region of the splenic flexure and 
wide in the transverse and descending colon. There was a granular type of architecture 
throughout the colon from the hepatic flexure downward and feathering of the margin of 
the colon, and the conclusion of the roentgenologist was ulcerative colitis involving the 
transverse and descending colon and sigmoid. 

The patient was started on nisulfazole, 1 6m., six times daily, which was later re- 
^ duced to four times daily. In addition to this treatment, she was given si.x blood trans- 

_ fusions during her stay in the hospital, which lasted to Get. 11, 1942. At the time of her 

dismissal, she was very markedly improved, the stools within ten days har-ing been reduced 
to not more than two in twenty -four hours. 

The patient was followed further and has continued to improve since her dismissal 
from the hospital. On Dec. 13, 1942, she was readmitted for an acute abdominal condition, 
,, diagnosed as acute hemorrhage into round ligament and abdominal wall. 

On May 11, 1945, she was readmitted to the hospital for observation. The blood 
«ount at this time was 4,120,000 red cells, 4,200 white cells, and 74 per cent hemoglobin 
-vray of the colon showed no narrowing of the colon and no evidence of ulceration. There 



224 


MAJOR 


Table 


PA' 

TIENTI 

AGE 

(YR.) 

SEY 

DURA- 

TION 

AD- 

MITTED 

NU.MBER 
OF STOOLS 
daily on 
AD- DIS- 
MTS- MIS- 
SION SAL 

1 

71 

jr 

18 mo. 6/2.3/41 

10 2 

2 

16 

At 

4 mo. 6/30/41 

IS 2 

3 

23 

M 

14 mo. 32/14/41 

14 2 

4 

19 

F 

9 mo. 1/19/42 

10 2 

5 

22 

r 

5 mo. 2/13/42 

27 3 

6 

19 

At 

30 mo. 7/23/42 

8 3 

7 

37 

F 

12 mo. 8/4/42 

20 2 

8 

18 

F 

6 JT. 

1/16/43 

7 1 

9 

54 

AI 

3 JT. 

1/19/43 

18 2 

10 

40 

AI 

5 mo 

. 8/ 2/43 

8 2 

H 

41 

F 

Imo 

. 10/24/43 

10 1 

12 

37 

F 

4 mo. 3/14/44 

6 1 

13 

24 

AI 

18 mo. 7/20/44 

10 2 

14 

13 

AI 

5 yr. 

8/22/44 

12 2 

15 

30 

F 

3yr. 

10/22/44 

15 2 

16 

18 

F 

7 mo. 10/31/44 

18 1 

17 

27 

F 

4yr. 

11/25/44 

20 2 

18 

14 

AI 

10 yr. 

1/24/45 

8 2 

19 

55 

AI 

18 yr. 

3/ 1/45 

8 2 

20 

24 

F 

12 yr. 

, 3/10/45 

7 2 

21 

44 

M 

11 yr. 

. 4/14/45 

4 1 


l.ENOTII 

or 

TREAT- 

MENT 

RESULT 

RETjATSE i 

re.maeks 

1 mo. 

Fccovcry 

None 

Died, “heart at- 
tack/ ’lO/lD/43 

3 wk. 

Kccovcry 

One 
si i gilt 

Died, pnenmoma, 
1/18/44 

5 mo. 

Fpcovcry 

Two 

sliRlit 

Well, 2/15/44 

4 ivk. 

KccoTCrj- 

One 

slight 

Well, 11/23/45; 
gained twenty 
pounds 

Died later, cause 
unknown; no 
diarrhea 

2 mo. 

Recovery 

Jsone 

3 mo. 

Improve- 

ment 

Tivo 

Died, 12/21/44 

10 wk. 

Recoverj- 

None 

Well, 5/11/45; 
gained fifty- 
three pounds 

Imo. 

Recovery 

Atone 

Well, 1/14/44 

4 mo. 

Improve- 

ment 

None 

Operation 

1 mo. 

Recovery 

None 

“Perfectly 
well,” 8/24/45 

10 wk. 

Recovery 

None 

Well, “feeling 
fine,” 5/18/45 

3 mo. 

Recovery 

None 

Well, 1 1/5/40 : 
gained thirty 
pounds 

2 mo. 

Improve- 

ment 

None 

Improved, 

9/24/45 

1 mo. 

Improve- 

ment 

One 

Improved, 

10/21/45 

2 mo. 

Recoverj- 

None 

Well, 10/2/45 

2 mo. 

Recovery 

One 

slight 

WeU, 1/18/46 

4 mo. 

Recovery 

None 

Well, 8/1/45; 
gained thirty 
pounds 

1 mo. 

Improve- 

ment 

Two 

Continued im- 
provement, 

7wk. 

Improve- 

ment 

None 

10/1/45 

Well, 10/15/45, 
gained ten 

5 wk. 

Improve- 

ment 

None 

pounds 

Well, 10/1/45; 
^ined fifteen 

3 wk. 

Rccoveiy 

None 

pounds 

Well, 9/l8/45_ 
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was still some lack of haustrations although this was not marked. Tho patient has con- 
tinued to be free of diarrhea and weighs 164 pounds, a gain of fifty-three pounds since t e 
time of her first admission to tho hospital. 

T. M., a Negro woman, was admitted to the University of Kansas Hospitals March 14, 
1944, complaining of bloody diarrhea. The family liistory was negative. Past history: 
the patient had enjoyed general good health and had had no severe illnesses; described 
herself as being of a somewhat nervous disposition. The present illness began in Decem- 
ber, 1943, when the patient began having bloody diarrhea with from eight to ten move- 
ments a day. This continued until admission to the hospital. She had become very anemic 
and lost fifteen or twenty pounds (weight now, 110 pounds). 

On admission to the hospital the patient showed evidence of loss of weight; the mucous 
membranes were rather pale. The heart, lungs, and abdomen were negative on admission. 
The blood pressure was 85/65 and the pulse, 120. Examination of the rectum ten days 
after admission to the hospital showed numerous small ulcers. 

On admission, the blood count showed 2,850,000 red cells, 13,000 white cells, and 55 
per cent hemoglobin. Urinalysis was negative. X-ray examination showed complete lack 
of haustrations in the colon; along the medial contour of the descending colon definite 
feathering was seen, indicative of superficial ulceration. The conclusion of the roentgen- 
ologist was "active ulcerative colitis." 

Treatment was started immediately and she received nisulfazole, 4 Gm. daily, with 
vitamin C, 1 Gm. In addition to this, she was given blood transfusions, five bei^ given 
during her entire stay in the hospital. 

Improvement was noticeable within forty-eight hours. The patient’s bowel move- 
ments were reduced to three a day, and from March 20 until the time of her dismissal, 
the bowel movements never exceeded three in twenty-four hours. 

At the time of her dismissal from the hospital May 24, 1944, the blood count was 
4,190,000 red cells, 7,650 white cells, and 74 per cent hemoglobin. The report on the barium 
enema on that day was: "The colon fills normally. No pathology is seen. No evidence 
of ulceration is seen; neither is there scarring.” 

This patient has been followed since and continues in excellent condition. After 
leaving the hospital she continued taking 2 Gm. of nisulfazole daily, which was discon- 
tinued July 14, 1944. The blood count June 2, 1945, was 4,240,000 red cells, 6,000 white 
cells, and 81 per cent hemoglobin. 

The patient’s condition at the present time is excellent. A letter of Nov. 3, 1945, 
states: "I have one bowel movement a day; once in a while I won’t have any.” 

In a disease such as chronic ulcerative colitis, a disease noteworthy for its 
ehronicity and its tendency to recurrence, it would be hazardous to assert that 
most of these patients are permanently cured. "We do feel, however, that therapy 
ivith nisulfazole has given us much better results than any other treatment with 
which we are familiar. 
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OBSERVATIONS ON THE TREATiMENT OF TROPICAL SPRUE WITH 

FOLIC ACID 

« 

Tom D. Spies, JLD., Ferkamdo JIilakes, Aristides Mexendez, H.D., 
B. Koch, A.B., axd Virgixia ]\Iixxich, M.S. 


T he discoven- of the antianemic effect of spithetie folic acid in certain ivpes 
of macrocytic anemia in relapse opens np a new era in the study of the 
pathogenesis and therapy of these conditions.’"^ Included in the gi'oup of pa- 
tients so dramatically relieved by folic acid %yere those with Addisonian perni- 
cious anemia and those with nutritional macrocytic anemia. Because the patho- 
genesis of none of the macrocj'tic anemias is thoroiiglily understood, there has 
been much confusion conceming their diagnosis. Our studies’’ - have shown 
that Addisonian pernicious anemia and nutritional macrocytic anemia are cyto- 
logically indistinguishable and that the hest single differentiating feature is the 
presence of free hydrochloric acid in the gastric juice in persons with nutritional 
macrocytic anemia and the absence of free hydrochloric acid in the gastric juice 
of persons uith Addisonian pei'nicious anemia even after histamine stimulation. 
"We have found that the macrocytic anemia of pellagra and of pregnancy, from 
a laboratory point of mew, are in no way distinguishable from nutritional macro- 
cj-tic anemia, and all respond to folic acid. It seems wise, therefore, to abandon 
the terms “macrocytic anemia of pellagra” and “macrocytic anemia of preg- 
nancy” and classify them as nutritional macrocj’tic anemias. "We have also 
observed, as have many others, that cytologieally the anemia of spnie and nu- 
tritional macrocytic anemia are identical. The relationship between the two 
diseases is veiy difficult to grasp, and differentiation may not be justifiable. The 
final ansiver to the question may have to wait until their etiology is more com- 
pletely understood. Acid steatorrhea is a characteristic and specific feature of 
sprue, and we make a diagnosis of sprue rather than nutritional macrocytic 
anemia in the presence of steatorrhea. 

Although -macrocj'tic anemias occur throughout the world, certain tjy)es are 
foimd much more frequently in one area than in another. In the temperate 
zones, only sporadic cases of so-called nontropical sprue are seen, whereas in some 
of the tropical areas sprue is endemic. There is a difference of opinion among 
some physicians as to the pathogenesis of tropical and nontropical sprue, but 
ive con sider both as similar conditions. The number of cases of sprue seen in 
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the United States, however, is small; and, in order to study thoroughly the 
effectiveness of folic acid in treating the macrocytic anemia of tropical sprue, 
it seemed necessary to go to an area in the tropics. Through the cooperation 
and assistance of the University of Havana and the Institute of Nutrition of 
Cuba, a special ward was obtained at the University Hospital in Havana. 
Twenty-five patients were examined clinically and hematologically, and of this 
number nine were selected for the study. 

SELECTION OF PATIENTS 

In selecting the patients for the therapeutic assay of folic acid, the following 
criteria were used: (1) The patient had to have a macrocytic anemia; (2) the 
bone marrow had to show the t 3 'pieal crj^throblastic arrest seen in pernicious 
anemia; (3) the erythrocyte counts had to be below 2.5 million; (4) the patient 
had to be untreated, or he must not have been treated recently enough to inter- 
fere in any way with our evaluation of tlie effect of folic acid; (5) he had to 
have persistently low reticulocyte counts during the period of observation; (6) 
he had to have glossitis and diarrlica characterized bj’' fatty stools. 

With these criteria in mind, we selected for study nine Avhite patients 
(six men and three women) ranging in age from 29 to 75 years. 

METHOD OF STUDY 

All the patients were hospitalized for preliminaiy examination, base-line 
determinations, and treatment. A detailed medical and dietary history was 
taken and a complete physical examination was made in each case. From the 
time the patients were accepted for study, their diets were rigidly controlled. 
Meat, meat products, fish, and poultiy were excluded, and only one quart of 
milk and one egg were allo'wed daily. Bread, cereals, fruits or vegetables, sugar, 
fats, and coffee were allowed in anj’- amount desired. In a previous study of 
anemia, seventy-five patients were restricted to this tjqie of diet, and none of 
them had a so-called spontaneous remission. We felt reasonably certain, there- 
fore, that any hemopoietic response would be attributable to the folic acid rather 
than to any food the patients received. 

Daily hematologic examinations included white and erjdhrbcyte counts, 
hemoglobin determinations, and reticulocjde eounts. Certified Trenner pipettes 
were used for both the white and erythrocyte counts. The hemoglobin content 
of the blood was determined in grams bj-- means of a Leitz colorimeter, and the 
reticulocytes were counted in wet preparations by the use of a modified brilliant 
cresyl blue solution of Dameshek. Prom time to time ceU volumes were deter- 
mined on oxalated venous blood by means of Wintrobe hematocrit tubes. 1“ 
each case bone marrow was obtained prior to treatment by sternal aspiration. 
Differential eounts were made on preparations stained -with both supravital and 
Wright-Giemsa stains. Gastric contents were collected before and after hista- 
mine injection in all patients. 

In each case a twenty-four hour stool specimen was collected daily in a 
single large glass graduated container. The stools were examined every day 
for appearance and volume. Bach patient was questioned every morning con- 



OBSERVATIONS ON TREATMENT OF TROPICAL SPRUE \VITH FOLIC ACID 229 

ceiTiiiig the nvmiher of bowel' movements. Examinations of the feces included 
tests for acidity, fatty acid determinations by the method of Labbe and Larue, 
hacteriologic examinations, and examinations for parasites. 

Serum protein determinations were made in each patient. In most cases 
blood calcium, phosphorus, potassium, amylase, and lipase determinations were 
made. 

Dietary histories revealed that in each ease the diet had been deficient in 
animal protein over a long period of time. The foodstuffs containing animal 
protein most frequently ingested were milk and occasionally eggs, but these 
were always consumed in inadequate quantities. Vegetables were rarely eaten 
and the only fruits eaten were mangos, avocados, and citrus fruit, and these 
only in small amounts. The diet consisted almost entirely of rice, com meal, 
and viatides (root vegetables grown in Cuba) . 

Loss of body weight, which had occurred in all subjects, varied from fifteen 
to forty poimds. All patients complained of extreme weakness and fatigue on 
even slight exertion. During the preliminary period of observation, they lay 
quietlj’ in bed. They had no apparent desire to move and manifested no interest 
in their surroundings. All the patients except one (Case 8) complained of loss 
of appetite and a distaste for food. 'Without exception, they complained of a feel- 
ing of fuUness, flatulence, and abdominal distention after meals and of a burn- 
ing sensation of the mouth and tongue whieh increased in severity while they 
were eating. This sensation sometimes extended to the throat and epigastrium 
after swallowing. In some patients rectal burning was described. 

All the subjects gave a history of having had diarrhea for periods of time 
which ranged from four months to four years. The stools were light colored, 
large (from 200 to 1,200 c.c. a day), frothy, foul smelling, semiliquid or liquid, 
and varied in number from three to twenty a day. Bowel movements were 
accompanied by expulsion of large amounts of gas and by borborygmus. In 
many instances the bowel movements were preceded by colic. 

Physical examinations revealed that in each case the skin was pale and 
dry with desquamating areas which varied in location in different patients but 
appeared most commonly on the arms, hands, and face. In some patients pig- 
mentation was generalized. In four patients there were hemorrhagic diffusions 
of violet discoloration on the dorsum of the hands and forearms. Glossitis, 
either diffuse or localized, was present in every patient and was accompanied 
by atrophy of the papillae. In some patients imprints of the teeth could be 
seen along the margins of the tongue and in some individuals the tongue showed 
hemorrhagic suffusions on the inferior aspect. Cheilosis was present in two 
patients (Cases 1 and 8). In every- subject the hair was dry and brittle. 

Numbness and tingling of the hands and feet were complaints common to 
^ patients. Four of the patients complained of dizziness when standing. 
Other abnormal neurologic signs were found in only two of the subjects. One 
(Case 2) had pain on pressure of the muscles of the legs. She also complained 
of sciatic pain. These symptoms were relieved with thiamine. Another (Case 3) 
pr^ented a flaccid paraplegia, and the tendon reflexes were absent. She had 
a history of syphilis with positive serology as determined by 'K'al.-n and Meinicke 
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tests. Tlic spinal fluid examination showed a syphilitic gold curve and an in- 
crease in globulin content. 

Seven patients liad dependent pitting edema. The five patients above 50 
yeai-s of age had arteriosclerosis of varying degree of severity. Abdominal 
examinations showed meteorism, slight distention, and softness to palpation in 
all cases. In one patient (Case 3) there was ascites. The liver and spleen were 
not enlarged in anj' of the patients. Aside from emphysema in two subjects, 
there were no abnormal thoracic findings. Bectoscopie examinations were per- 
formed in six subjects. The mucosa of the rectum showed variable degrees of 
atrophy, paleness, and slickness. , 


Table I. Blood Indices 


CASE 

PATIENT 

niL\N COUP. VOL. 
(OU. MICRONS) 

MEAN CORE. UB. 
(MICRO MICROORAMS) 

MEAN CORP. «B. 
CONC. (%) 

1 

C. G. 


45 

38 

2 

M. S. 

IOj 

30 

34 

3 

C. B. 

145 

40 

32 

4 

J. C. L. 

134 

44 


5 

G. A, 

117 

44 

38 

6 

A. M. 

131 

47 

36 

7 

A. F. 

130 

44 

34 

8 

P. E. 

119 

42 

32 

9 

J. G. 

142 

49 

35 


All the patients had macrocytic anemia witli mean corpuscular volumes of 
from 105 to 145 cubic microns, mean corpuscular hemoglobins of from 34 to 
47 micro micrograms, and mean corpuscular hemoglobin concentrations of from 
30 to 38 per cent (Table I). The erj’throcyle counts ranged from 1.47 to 2.28 
million per cubic millimeter. The red blood cells showed marked anisocytosis, 
poikilocytosis, and polyehromasia. Five subjects (Cases 2, 4, 5, 7, and 9) had 
leucocjde coimts below’ 5,000 per cubic millimeter but only one (Case 5) had 
a count less than 3,000. The hemoglobin values ranged from 5.6 to 10.1 Gro- 
per 100 C.C., and the initial reticulocyte counts were less than 2.7 per cent. 
Bone marrow differentials showed the erythroblastic arrest cliaracteristic of 
pernicious anemia, but in general there was only a 3 to 2 or a 2 to 1 pre- 
dominance of myeloid over erythroid elements (Table II). In one patient only 
(Case 5) wms there a 1 to 1 distribution of nucleated red cells to white cells. 

Gastric analyses show’ed none of the cases to be histamine refractory, but, 
on the contrary, the patients w’ere found to have normal or increased gastric 
acidity (Table III). 


Table in. Gastric Analyses 




PASTING 


AFTER HISTAMINE 

CASE 

PATIENT 

FREE" 

TOTAL ° 

fbee" 

total 

1 

O.G. 

60 

70 

65 

80 

3 

M. S. 

60 

70 

50 

60 

3 

C. B. 

0 

10 

40 

50 

4 

J. C. L. 

0 

10 

30 

40 

5 

G. A. 

0 

12 

90 

100 

6 

A. M. 

40 

50 

95 

100 

7 

A. F. 

0 

15 

45 

50 

8 

P. E. 

15 

20 

65 

75 

9 

J. U-, 

30 

45 

115 

130 


Table II. DirrEBUNTiAL Bone Mahkow Counts 
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TabiiE rv. Blood Chehistry 


CASE 

1 

SERUM PROTEINS 

CnOIiESTEROL 

05 

1.^ 

w 

C30 

< o 

r ^ 
C e£ 

Pi U3 

< 

o 

a 

o ^ 

H o S 

d 

d 

1? 

2 o 
< S 

Pd 

li 
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6 

s§ 

BH 

S 2 

o 2 

d 

d 

o 

o 

o o 

6- 

d 

d 

ss 

d 

d 

§§ 

ss 

o 

FIBRINOGEN 
(MO./lOO C.C.) 

TOTAI. 

(MO./lOO C.C.) 

ESTERS 

(MO./100 ac.) 

1 

C. Q. 

4.2 

2.4 

l.S 








M 

2 

M. S. 

4.0 

2.5 

1.5 

COO 

300 

109 



11.5 

3.0 


3 

C.B. 

4.0 

2.5 

2.1 

400 

100 

99 

108 

1.0 

11.0 

4.2 

Rfil 

4 

J. C. L. 

5.0 

2.8 

2.2 

400 








5 

G. A. 

3.3 

1.9 

1.4 


285 

148 


2.0 

11.5 

3.5 

13.5 

6 

A.M. 

5.0 

oo 

2.4 

400 

203 

128 

iH 

0.3 

12.0 

3.5 


7 

A.P. 

3.0 


1.7 


230 

120 


2.0 

12.0 

4.0 

1^ 

8 

P.E. 

5.4 

3.0 

1.8 


225 

180 

98 

1.3 

10.8 

5.0 

13.4 

9 

J.G. 

5.5 

3.1 

2.4 

400 

187 

110 


0,7 

12.0 

4.0 



In all patients tested, the blood calcium, phosphorus, potassium, amylase, 
and lipase values -were normal (Table lY). The total cholesterol was normal 
or moderately increased, with the cholesterol ester ratio to total cholesterol 
moderately decreased. Serum proteins were as a mile low, from 3.3 to 5.4 Gm. 
In only two cases was the ratio of albumin to globulin over 1.5. In seven pa- 
tients it was from 0.9 to 1.3. Scrum iron determinations were performed in 
six instances. The values ranged from 83 to 247 micrograms of iron with an 
average of 156 micrograms. Only tivo values (197 and 247 micrograms) were 
above the normal range (from 50 to 180 mierograms).® 

No gastroscopic examinations were performed in this series; however, in 
a similar series of twenty-five cases found in Cuba, Milanes reported that most 
of the patients had localized areas of atropliic and hypertrophic gastritis and 
a few had diffuse atrophic gastritis.'' 

A study of the feces showed that the reaction w'as acid in seven cases. In 
these the values for fatty acid determined by the method of Labbd and LaruS 
were above 11 c.c. of 0.1 N sodium hydroxide. The amounts were well above 
the normal range (from 0 to 7 c.c. of 0.1 N sodium hydroxide) . (Table V.) The 
special determinations of total fats, neutral fats, and other information will be 
reported separately. The starch residue wms above normal. Bile pigments 
were present in normal amounts. The feces in four subjects (Cases 1, 3, 5 and 
6) were infested with TncJiuris tHdiiura. The feces of cases 3 and 7 contained 
ova of Ascaris Inmbricoides. One subject (Case 1) also expelled one Ascor^ 
IwnibricoidBS, but sevex’al serial examinations were negative for ova. Another 
patient (Case 6) had Giardia intestinolis diagnosed in material obtained by 
duodenal intubation. The feces of this patient also contained ova of Necator 
americanus. In each case bacteriologic examination of the stools and of mate- 
rial obtained by curettage of rectal mucosa showed that pathogens were not 
present. Samples obtained from the small intestine through a Miller-Abbott 
tube yielded no pathogenic bacteria. 
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Table V. Stool Akaltses 


CASE PATIENT 

pH 

FATTY ACros 
O.O,/0.1 
NNaOH 
(PEE 100 OM, 
HOIST FECES) 

PATHOGENS AND PARASITES 

1 

a a. 

6.0 

16.0 

Ova of Trichnris trichinra, Ascaris lumbri- 
coides 

2 

M. S. 

4.5 

12.0 

None 

3 

C.B. 

7.5 

n.o 

Ova of Trichnris trichinra; ova of Ascans 
lumbricoides 

4 

J. C.L. 

5.5 

12.3 

None 

5 

G.A. 


14.2 

Ova of Triehuris trichinra 

6 

A. M. 

7.5 

11.2 

Ova of Trichnris trichinra, Necator ameri- 
canns, Giardia intestinalia 

7 

A.F. 

6.5 

15.0 

Ova of Ascaris lumbricoides 

8 

P.E. 

4.5 

12.3 

None 

9 

J.G. 

5.5 

17.8 

None 


RESULTS FOLLOWING ADMINISTBATION OF FOLIC ACID ' 

"When aU the precectog findings were obtained, each of the nine patients 
■was given folic acid, orally administered in -water suspension between meals. 
The folic acid -was weighed on an analytic balance. Six subjects (Cases 1, 2, 5, 
7, 8, and 9) were given 100 mg. twice daily. Subsequent experience having 
indicated that the daily dosage of 200 mg. was more than necessary, the daily 
dose was decreased to 100 mg. after the patient has passed the peak of his 
reticulocyte response. Three subjects (Cases 3, 4, and 6) received 10 mg. of 
folic acid per day. One subject (Case 2) received, in addition, 100 mg. of 
thiamine chloride daily, intramuscularly and another (Case 7) received, in 
addition to the folic acid, 100 Gm. of a yeast extract* each day; on one occa- 
sion the latter patient was given 250 c.c. of plasma intravenonsly to reduce the 
amount of edema present. Two laboratory workers, who had red counts of 
5.15 and 5.24 millions per cubic miUimeter and hemoglohins of 15.8 and 16.2 Gm., 
respectively, received 200 mg. each of folic acid, daily for ten days; and served 
as controls. 

The response of the patients receiving 10 mg. of folic acid has so closely 
paralleled the response of those recei-ving 200 mg. that they -will not be dis- 
cussed separately. With the exception of one subject (Case 2) who had a 
deficiency of both niacin and thiamine, and another (Case 7) who had anasarca, 
aU the patients began to recover strength and to experience a feeling of well- 
being -witbin. three or foim days after the initiation of folic acid therapy. The 
response of these two patients to folic acid was similar but perhaps retarded 
somewhat. In all cases the pigmentation of the skin decreased. In one patient 
(Case 9) who has been treated with folie acid for forty-one days the skin has 
cleared almost entirely. The patients have not been outside the hospital since 
their admission, so that this may he due in part to lack of sunshine. In every 
subject there was a striking change in the facial expression, which became alert 
and liv ely, whereas prior to treatment, it had been almost masklike. The con- 

•Basamta, Anheuser-Busch, SL Louis, SIo. 


234 


SPIES, SIILANES, MENENDEZ, KOCH, AXD JIINNICH 


junctival mucosa clianged from intense palene&s to vaiying degrees of recolora- 
tion which was in direct proportion to the increase in blood hemoglobin and 
erythrocyte values. 

Three representative cases are reported briefly; they give the I’cadcr an idea 
of the striking improvement effected by folic acid. 

Case 4. — .T. C. L., a 63-year-old white man, was admitted to the Calixto Garcia Ho<i- 
pital Nov. 19, 1945, complaining of diarrhea, weakness, and dizzincs.s. 

Throughout his adult life his diet had consisted chiefly of root vegetables and com 
meal. Occasionally he ate an or.ange or a piece of pineapple and once or twice a month he 
ato a piece of beef. Although he noticed that he was losing strength some years ago, he 
dates the onset of his pre.‘-ont illness to seven month.s before admission to the hospital. At 
this time he noticed burning and sorencs.s of the tongue and small sores in the mouth. Almost 
simultaneously he began to pass very large bulky yellow or white stools. His appetite became 
so poor and he became no weak tliat he consulted hi.i physician in Cienfuegos, who referred 
him to us for treatment. 


THE EFFECT OF FOLIC ACID ON THE MACROCVTIC ANEMIA OF SPRUE 



Physical examination showed an extremely emaciated, pale, apprehensive man. By tl'C 
time he came to us for treatment we had learned that tho administration of 10 mg. of folic 
acid daily by moutli was followed by a positive response. Accordingly, ho was given this 
dosage. His hemopoietic response is shown in Fig. 1. Within ten days after treatment 
was initiated, the profuse liquid, light-colored stools became normal in color; they were solid 
and much smaller in volume. Since then, tlie stools liave been copious and semisolid on some 
days, and otlier days they have been well formed and small in volume. His appetite at the 
present time is tremendous. He has no alimentary tract sjmptoms, his strength has returned, 
and he is eager to return to work. 

Case 5.— G. A., a 62-year-old man, was admitted to the Calixto Garcia Hospital Nov. 
22, 1945, complaining of diarrhea, burning of tlie esopliagus, and asthenia. 

He considered that his health had been perfect until the onset of the present illaess 
four months before admission to tho ho.spital, despite the fact that during all his adult life 
Ms diet had consisted chiefly of rice, potatoes, corn meal, root vegetables, avocados, and 
occasionally a glass of milk, an egg, or a small serving of pork. The onset of his illness 
was sudden and was preceded only by “indigestion” and gastric distress which, within a 
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few days, was followed by loss of appetite and severe diarrhea. He had from eighteen to 
twenty foul-smelling stools daily which were frothy’ and sometimes yellow in color and some- 
times "like clear water." Although he passed no blood, he sometimes had severe burning 
of the rectum. A few day.s after the onset of his illness he Irccarac so weak and dizzy that 
it interfered with his work. During the four months he was ill he lost thirty-eight pounds 
in weight. 

Physical examination sliowcd a small, pale, emaciated man. The buccal mucosa was 
extremely pale as was the tongue except where it was bright red at the borders and tip. 
The papillae were smooth and the tongue xvas edematous at the border so that the imprint 
of his teeth was clearly visible. Dependent pitting edema over the dorsum of the feet ex- 
tended halfway up the legs and made it impossible for him to raise his feet or put on his 
shoes. 


THE EEfECTOF FOLIC ACID ON THE MACROCYTIC ANEMIA OF SPRUE 



Pic. 2. 


He was given 100 mg. of folic acid twice daily by mouth. Two days later his appetite 
became tremendous and the soreness of the tongue disappeared. Soon after this the stools 
became semisolid and on some days were well formed and normal in color. Ikequently he 
had only one or two stools daily and often they amounted to only 100 c.c. in volume. The 
edema has disappeared, and he says that he feels stronger than he has felt for years and 
that he wishes to return to work. His hemopoietic response to treatment is shown in Fig. 2. 


lojc ^ 63-year-old man, was admitted to the CalLxto Garcia Hospital ATov. 19 

1945, complaining of diarrhea and weakness. ’ 

During most of his adult life he had been unable to eat pork or beef because they 

chief Ws diet had consisted 

vegetables, com in various forms, and from three to four eggs daUy. 

nerfeer^'l-! c following the ingestion of beef and pork, his health had been 

of the f admission to the hospital, when he noticed a burning sensation 

'cverf dTrrh Soon after this he be|in having 

ceded bv ee?''’"' movements daily which were usually pr^ 

he reLincd wer' T ^®®\“te™ittently for three years, daring which time 

began havine- .Ve { ' ‘'‘“f discontinued taking liver extract, he again 

pm having diarrhea, and all the symptoms he had during his first illness reappeared. He 
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lost his appetitOj began hnrag paresthesias of the logs, dizziness, and tinnitus and became 
progressively weaher. After losing twenty pounds in weight ho reported to his physician, who 
sent him to us. 

Physical examination showed a well-developed, pale, emaciated man who lay qmetly 
in bed with no apparent desire to move. The tongue was slick and shiny and was intensely 
rod along the tip and edges. 

He was given 100 mg. of folic acid twice daily by moutlu Three days after this 
therapy was initiated, his appetite, strength, and vigor greatly increased. Prior to treatment 
the volume of the stools had been about 1,000 c.c. daily, and they had been light in color 
and frothy (see Figs. 3 and 4). The volume gradually decreased and the color became 
more normal. Although tho stools have not become completely normal, ho says ho feels 
stronger tlian he has felt for many years and that he wishes to return to work. His hemo- 
poietic response to folic acid is shown in Table VI (Case 8). 



3.— Photograph taken before folic acid Uierapy. Note consistency and copious 
amount of tne stools. 

Fig. 4.— Photograph taken ten days after folic add therapy was begun. The 
of feed material has decreased greatly, the stool Is no longer liquid, and It Is more nearl) 
normal In color. 

The hematologic data are presented in Table VI. Fplloiving therapy wtb 
folic acid, retieulocytosis occurred in every instance with pealc values of 
12.5 to 31.8 per cent on 200 mg. daily, and from 18.8 to 26.2 per cent on the 
10 mg. dosage given to three of the patients (Cases 3, 4, and 6). In all cases 
the response was maximal according to the Minot and Castle formula based 
on the initial erythrocyte count.® The day of the peak ranged from the sixth 
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Table Antianeliic Effect of Folic Acid in Sprce 




RED CELLS 
(.UILLIONS/C.MXr.) 

HEMOGLOBIN 

(OM./lOO C.C.) 

PUmCULOCYTOSIS 

FOLIO 
ACID 
(MO. piy. 
DAY) 

NUMBEP. 
OF DAYS 
OF AD- 
MINIS- 
T.ATIOK 

IKI- 

TIATi 

14 

DAYS 

FINAL 

(D.VY) 

INI- 

TIAL 

14 

DAYS 

FINAL 

(DAY) 

INI- 

TIAL 

% 

DAY 

OF 

PEAK 

% 

AT 

PEAK 

mi 

C.G. 

1.47 

2.55 

3.82 

6.8 

8.6 

11.9 

■El 

6 

22.7 


22 





(37) 



(37) 

III 




15 

2 

M.S. 

1.99 

2.60 

2.96 

7.2 

10.0 

10.8 


6 

19.5 

200 

15 





(32) 



(32) 

Hi 




17 

3 

C.B. 


2.40 

2.40 

7.1 

10.7 

10.7 


8 

22.6 


14 





(14) 



(14) 

Hi 





4 

J. C.L. 

1..57 

2.03 

3.20 

7.0 

7.4 

10.7 

■El 

7 

26.2 

10 

23 





(23) 



(23) 






5 

G.A. 

1.28 

2.49 

3.24 

5.6 

8.1 

10.7 

o.s 

6 

31.8 

200 

15 





(32) 



(32) 




100 

17 

6 

A.M. 


2.84 

3.45 

10.1 

11.7 

12.4 

0.8 

8 

18.8 

10 

18 





(18) 



(18) 






7 

A.P. 

2.16 

2.66 



9.7 

11.3 

1.6 

7 

17.2 

200 

24 





(41) 



(41) 




100 

17 

8 

P.E. 

2.28 

2.85 

3.93 

8.3 

10.0 

11.0 

■Q 

8 

12.5 

200 

15 





(31) 



(31) 

Hi 



100 

16 

9 

. Vi, 

1.97 

3.04 

3.94 


10.4 

13.8 

■fS 


17.2 

200 

25 





(41) 

nn 


(41) 

in 

IH 


100 

16 


to the ninth. The red cell counts rose from 0.50 to 1.21 million per cubic milli- 
meter in fourteen days in the patients receiving 200 mg. of folic acid. It 
increased from 0.46 to 0.71 million per cubic millimeter in the patients receiving 
10 mg. doses. (See figures in representative ease histories.) One subject (Case 
5) was given 200 mg. of folic acid each day for fifteen days and 100 mg. daily 
for seventeen days. He had a reticulocyte response of 31.8 per cent on the sixth 
^y. Another (Case 4, Pig. 1) was given 10 mg. of folic acid each day. His 
initial erythrocyte count was 1.57 million per cubic millimeter. His reticulocytes 
rose to 26.2 per cent on the seventh day of treatment. His red ceU count and 
hemoglobin values increased steadily even at this lowered level of administration. 
The patients who have been under treatment for from thirty-two to forty-one 
days have had er 3 i;hroeyte increases from 1.05 million (Case 2) to 1 97 million 
per cubic millimeter (Case 9). One (Case 2) had a low-grade fever caused by 
abscessed teeth. Later in the study, dental extractions were performed, and her 
emperatare thereafter was normal. Her erythrocyte count rose 1,000 000 per 
cubic millimeter in the foUowing nine days. The hemoglobin values of all the 
cases increased as the erj-thrcej-te count increased. The leueopenia generally 
accompanying macrocytic anemia was decreased by the administration of folic 
Zf- counts rose as high as 20,000 per cubic millimeter 

and m other eases it increased to normal levels. The elevations did not persist 
but white counts remained from 5,000 to 9,000 per cubic miUimeter. 

tcD ZZ subjects who received 200 mg. of folic acid orally for 

cociS? f show any changes in their eiydhrocyte counts, hemoglobin, leu- 
istratior"' ’ reticulocytes in the four weeks following its ^Lin- 

































238 


SPIES, JIILAN'ES, JIENENDKZ, KOCH, AND 31INNICII 


In four of the patients who have been treated with folic acid for more than 
thirty daj's, the mean corpuscular volumes have decreased as follows: Case 1, 
finm 122 to 9,4 cubic microns; Case 7, from 130 to 114; Case 8, from 119 to 
94; and Case 9, from 145 to 109. 

Bone maiTow studies were repeated in three patients (Cases 1, 8, and 9) 
who had been treated for tiiirty-seven, 1hirt3'-one, and fort}''-onc days, respec- 
tively. j\Iacroscopicall.v, there was a gross change from light red, thick, gela- 
tinous marrow to deep red ihiid containing discrete clumps of cells. Micro- 
scopical! j^, the erythroblastic arrest was substituted by a normoblastic hjT)er- 
plastic regeneration. Tliere was a shift in ratio of white cells to nucleated red 
cells of from 5 to 2 to from 5 to 6 (Table II). The findings in the bone marrow 
from the other patients after treatment will be reported later .since these sub- 
jects are still under treatment and llie reticulocytes are still high. 

The appetite improved rapidh' soon after medication was started. Those 
who were under treatment for long periods of time (from thirty to forty days) 
have tremendous appetites and often request additional sci’vings. In ever}' in- 
stance, the glossitis has faded, and in fine subjects (Cases 1, 2, 4, 5, and 9) 
the tongue has become entirely normal. The soreness of the tongue and mouth 
has totally disappeared, and patients can now cat and smoke without any sensa- 
tion of burning of the tongue or mouth. The rectal burning about which some 
patients complained has also disappeared. 

The paresthesias of the liands and feet have not yet been affected by the 
administration of folic acid. Edema disappeared in all patients with the excep- 
tion of two (Cases 3 and 9). One subject (Case 3) had anasarca and nen'ous 
manifestations that might have been due to thiamine deficiency; she has been 
under treatment only fourteen days. Another subject (Case 9) had a reap- 
pearance of disci’ete anldc edema. At the time this report was submitted, the 
abdominal distention had not disappeared, and the patients still complained 
of “gas.” 

Tlie diarrliea followed a variable course. It gradually decreased in most 
cases. At present, soft brown stools tending toward normal have replaced the 
original typical stools seen in sprue in four patients (Cases 3, 4, 5, and 6). 
The number of stools has decreased from three to fourteen to from one or two 
daily. At present the stools of one subject (Case 2) have returned to normal, 
but this patient had, in addition to folic acid, supplementary nicotinic acid 
therapy. Two subjects (Cases 8 and 9) still pass the same spruiform type of 
stools as they did w'hen they were admitted, although for the last two days 
the stools of one of them (Case 8) have been soft and broum. The fact that 
there is such variation in the stools from nonnal to pathologic, and vice versa, 
leads us to the conclusion that at present no dogmatic statement can be made 
concerning the efficacy of folic acid alone in controlling the diarrheal aspect 
of sprue. Those subjects show-ing persistent improvement of the diarrhea ivith 
no tendency tow'ard relapse to the spruiform type are the ones in \vhom the 
illness is of more recent onset. In these patients the coui’se of therapy has 
been more effective in controlling the diarrhea than it has been in the chronic 
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cases. In all patients, shortly alter the hegmning of treatment, there was an 
accompanying physical improvement and sense of well-being. There was a 
tendency for the stools to become well formed, more normal in color, and much 
less in amount. For several days the stools would appear practically normal 
but this period would be followed for a day or so by copious, frothy stools, We 
are still studying the effect of folic acid on the alimentary tract and specifically 
upon the appearance of the stools. It suffices to say at this time that there is 
a great change in the majority of instances toward the normal following admin- 
istration of folic acid. 

DISCUSSION 

The present findings show that synthetic folic acid produces great improve- 
ment in patients with tropical sprue in relapse. These, as well as previous 
observations by one of us (T. D. S.) and associates, demonstrate that folic acid 
has a striking antianemic effect in nntiitional macrocytic anemia and sprue, 
Iloore, Bierbaum, Welch, and Wright’ have confirmed these obseiwations on 
the antianemic effect in pernicious anemia and have reported that folic acid 
has proved effective in one case of nontropieal sprue and one case of pernicious 
anemia of pregnancy. Little is understood about the pathogenesis of these 
macrocyti'c anemias, and it is possible that these studies will open a new era in 
effecting a better understanding of the physiologv* of the blood-forming organs. 
Until more information is available, we suggest that patients who have achylia 
following histamine injection be considered tentatively to have Addisonian per- 
nicious anemia and that, in cases with proved steatorrhea and macrocytic anemia, 
sprue be considered as a tentative diagnosis. Our criteria for the diagnosis of 
nutritional macrocytic anemia have been described fully in previous publica- 
tions, and, after further intensive investigations, we see no reason to change our 
method of making this clinical diagnosis.® We now suggest, however, that the 
so-ealled macrocytic anemia of pellagra and the pernicious anemia of pregnancy, 
which have been found to respond to folic acid, be considered as forms of 
nutritional macrocytic anemia and classified as such. 

The physician must alw’ays make eveiy effort to prove each diagnosis. Be- 
cause it is often difficult to grasp the fundamental mechanism behind the disease, 
m many eases the clinical diagnosis is arbitrary. Certainly more studies are 
needed. 

Despite the fact that pernicious anemia is included in the group of macro- 
cytic anemias, it is obmous that in its natural pathogenesis it is somewhat dif- 
ferent from the macrocytic anemia of sprue and from nutritional macrocytic 
anemia. One of us (T. D. S.) has the working hypothesis that folic acid in 
many of the foods occurs as a conjugate and that, in view of Castle’s work, it is 
likely that in pernicious anemia the enzj-mes are xmable to liberate the 'folic 
acid efficiently whereas in sprue, pellagra, pregnancy, and nutritional macro- 
cjlic anemia, the folic acid or substances acting similarly are more available. 

Some explanation must be made concerning the fact that fairly large 
amounts of folic acid are required to produce a maximum hemopoietic response 
m contrast to potent liver e.xtraet in which the active substance in the thera- 
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peutic dose is apparently smaller. (One of us, T. D. S., has obsen^ed three 
patients who did not respond significantly on 5 mg. of folic acid hut who did 
respond fairly satisfactorily on 10 mg. per day administered by mouth.) Un- 
published observations by one of us (T. D. S.) show tliat a concentrate of 
dried brew'er’s yeast** produces a satisfactory hemopoietic response when 100 
Gm, of the material is given Ijy moutii daily. Tliis amoimt of material con- 
tains approximately 1 mg. of folic acid. An explanation of this is prohahly 
similar to that previously described for the liver extract. 

Since the clinical improvement that follows the administration of folic acid 
parallels that which follows tlic administration of potent liver extract, one might 
expect that folic acid in adequate doses w'ould be as effective as liver extract in 
treating sprue. That folic acid is an clTective hemopoietic agent is certain, hut 
it probably will not have a curative effect above and bej'ond tliat afforded hy 
large doses of a potent liver extract. 

It seems lilcelj^ that the natural pathogenesis of sprue and nutritional macro- 
cytic anemia is related to an inadequate diet. We have found tliat animal pro- 
tein or yeast and the nutrients included are effective in the treatment and pre- 
vention of this type of anemia. Yet, despite the fact that the patients in this 
study were restricted to a diet deficient in protein throughout the study, they 
had a strildng clinical and hemopoietic improvement. (We recommend a high 
vitamin, high protein diet in the treatment of sprue, as folic acid cannot he ex- 
pected to substitute for an adequate diet.) 

Many of these patients were infested with intestinal parasites and they 
improved without any antiparasitic therapyq a point which will be more fully 
discussed in subsequent papers. 

These studies on tropical sprue support the practical point of view' that 
folic acid has a strildng antianemic effect in some tj'pes of macrocj'tic anemias 
in relapse. 

summary and conclusions 

The present study has shown that synthetic folic acid produced great im- 
provement in nine patients with tropical sprue in relapse. The subjects ^ 
had a good gain of body w'eight, they gained in strength, and the glossitis dis- 
appeared. The stools in all cases tended to become much nearer normal and 
in some instances they appeared normal. Studies directed toward obtaining a 
better understanding of the function of the alimentary tract are now under 
way. These studies and the previous ones by one of us (T. D. S.) and ass^ 
ciates demonstrate conclusively that synthetic folic acid has a strUcing anti- 
anemic effect on persons with sprue, pernicious anemia, and nutritional macro- 
cytic anemia and open a new era of better understanding of the physiology 
blood formation. Despite the fact that pernicious anemia is included in ft® 
group of maeroej^tic anemias responding to folic acid therapeutically, it is ol^ 
vious that its natural occurrence is different from that of sprue and of nutri- 
tional macrocytic anemia. Folic acid should be considered an antianemic sub- 
stance, and our observations would suggest that the response to liver extract and 

•Basaraln. Anheuser-Busch. St I.ouIs, Mo. 
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to dried brewer’s yeast powder is out of proportion to the amount of folic acid 
which they contain. It is truly remarkable that the patients improved so much 
from a clinical and laboratory point of view while restricted to a diet devoid of 
meat and meat products. We do not recommend such a restriction in diet in 
the day-to-day treatment of sprue. In fact, we stress a high vitamin, high 
protein diet as folic acid cannot be expected to substitute for an adequate diet. 
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A METHOD FOR DETERMINING THE RELATIVE ANTICONVULSIVE 
ACTIVITY OP BARBITURATES 

Versa V. Cole and H. R. Hulpieu 
Indianapolis, Ind, 

P REVIOUSLY one of us demonstrated the prolonged activity of pentobarbital 
and plienobarbital in antagonizing the eon\'ulsant action of cither strychnine 
or picrotoxin.^ It rvas suggested that this work might senm as the basis of a 
method for determining the comparative length of action of barbiturates. Al- 
though further studies indicated that this antagonism does not yield a true 
indication of the length of action of barbiturates relative to sedation or anes- 
thesia, some information was obtained on the comparative protection offered b.v 
the barbiturates against eonvulsanfs and the duration of such protection. It 
was thought that this information might serve a useful function for some tj'pes 
of work. Although both picrotoxin and strychnine were used to produce death 
by commlsions, only picrotoxin proved satisfacfoiy. 

procedure 

In these experiments male rats of a uniform strain (Purdue), source, and 
weight from (66 to 80 grams) were used, unle.ss otherwise indicated. The ani- 
mals were fed a commercial ration® ad libitum. At least ten rats were used 
for each run. When more than ten rats were used, it was to confirm a pre- 
vious result. Since in each instance there was no significant difference, the 
data indicate that ten rats of this strain and of the same sex and weight were 
adequate. Rats from another source were tried in which ton rats of the .same 
sex and weight were not adequate for consistent results. 

All injections, 1 e.c. per 100 grams of body weight, were made inti-aperi- 
toneally. Sodium salts of the barbiturates were used when available. When 
they were not available, the barbiturates were put into solution until the least 
possible amount of nonnal sodium hydroxide. The dose of stiyehnine sulfate 
was 3 mg. per kilogi-am. This do.sage regularly killed seven of ten rats in the 
weight range used. The dose of picrotoxin urns 10.5 mg. per Idlogram. This 
dose killed nine of ten rats in the weight range of from 66 to 80 grams and 
seven of ten rats in the Avcight range of from 82 to 104 grams. The rats were 
weighed before the barbiturate was given and reweighed before the comnilsant 
when the interval Avas longer than two horn's. In such cases the second weight 
was always taken as the basis for the dose of coimilsant. The temperature of 
the room where the expei-iments were done Avas Icept at from 77 to 81° F. to 
rule out the effect of variations in temperature.^ The rats Avere placed in this 
room at least tAA'enty hours before an ex23ei’iment was started. 

Department of Biochemistry and Plmrmacologj". Indiana University School of 
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A protective dose of barbiturate was deteimined. This was done by gi'ving 
doses of barbiturate increased by increments of 20 per cent until not more than 
one of ten rats died from the convulsant given at the standard interv’al after 
the barbiturate. A twenty -minute standard was used for those compounds too 
short in action for a feasible dose of barbiturate to be given one hour before 
the convulsant. The number of deaths caused by the con\'ulsant, when given 
at longer intervals after the barbiturate, was then compared with the number 
of deaths determined at the standard inteiwal. 

RE.SULTS .\.ND DISCUSSION 

f 

As may be seen from Table I, several barbiturates required a fatal dose 
to be effective against strychnine. Of the nine compounds listed, only sodium 
phenobarbital did not produce any deaths at tlie dose level required. At a 
dosage greater than the L.D.50, sodium ortal failed to protect the survivors 
against stiychnine. Data obtained from these .studies with stri'chnine are 
presented in Table II. With sandoptal. the protective action was gone in two 
hours. Sodium amytal, sodium pentobarbital, and sodium n-butjT allyl bar- 

T.ible I. Effect of Sufficient Baf.bitcfjlTE to Reduce Deaths Fp-om Strychnine 
S uuF.^TE* TO 10 Pep. Cent op. Less 


BARBITUBATH 

DOSE 

(MG ./KG.) 

XrMBEU OF 
EATS rSED 

KUMBEB OF 
EATS DEAD 
FROM 

bakbitueates 

PER CENT OF 
FA.TS DEAD 
FROM 

BARBITCRATES 

phenobarbital 

75 

120 

0 

0 

Na amytal 

75 

34 

1 

0 

Keonal 

62.5 

45 

4 

9 

Sandoptal 

75 

28 

5 

18 

n-butyl allyl Na barbiturate 

80 

27 

6 

22 

Na pentobarbital 

40 

26 

6 

23 

Dial 

100 

79 

29 

37 

27a barbital 

300 

213 

84 

39 

2<a alurate 

90 

67 

32 

48 

*The dose of strychnine 
untreated rats. 

sultate -was 

3 me. per ■kilogram. This killed ' 

70 per cent of 


Table H. Barbitupa.tes Listed in Ordep. of Incp.easing Length of Action Against 

Strychnine 



1 

time after BAP3ITUPJS.TE 3 MG./KG. 

STRYCHNIKE 











1 


1 

1 

1 

FORTY-EIGHT 





SIS HOURS 

HOURS 



NUM- 


KUM- 

NUir- 

NUM-i 

INTIM- 

XUM- 

1 SUM- 



BER 

BER 

BEE 

bee 

BER 

BER 

BER 

BEE 



OP 

OF 

OF 

OF 

OF 

OF 

OF 

OP 


DOSE 

EATS 

P-ATS j 

pa.TS 

PwtTS 

R-tTS 

RATS 

EATS 

RATS 

BAEBITUr.ATE 

(iIG./KG.) 

USED 

dead! 

used 





rsa 

tiaadoptal 

75 

10 

Hd 

10 

9 






-'■ii amvtal 
J-'a pentobarbital 
n-butyl allyl Na barbiturate 
Dial 
^eonal 
alnrate 
Na barbital 
Aa phenobarbital 


iO 

40 

80 

100 

02.5 

90 

300 

75 


10 

10 

10 

10 

10 

10 

10 

10 


0 

0 

0 

1 

0 

0 

1 

0 


10 ’ 

10 

10 

10 

10 

10 

10 

10 


0 
5 
5 
2 
2 

1 
0 
1 


20 

10 

10 

20 


10 8 
10 9 

10 4 

30 11 

20 3 
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biturate exerted very little, if anj% protective activity two hours after admin- 
istration. Dial showed protection at two houi-s but not' at six hours. Neonal 
showed protection at sLx hours but not at forty-eiglit hours after its administra- 
tion, Sodium alurate, sodium barbital, and sodium phcnobarbital gave evidence 
of protection forty-eiglit horn's after administration. The grouping of these 
compounds was much tlie same as that derived from other methods of determina- 
tion of length of action.-’’’ * However, strj’'chninc as a test substance was aban- 
doned because it (1) failed to give real additional information, (2) required 
too many animals, and (3) ref|uired the use of animals resistant to the barbit- 
urate. 

Table III. BAitBiTunATEs SnoinNo Intermediate and Brolonoed Peotection Aoainst Picsotoex 


TIME AFTER A BARBITURATE — 30.5 .MO./KG. OP nCROTOXIN WAS CirEi 














0X1 







rORTT- 

SEVENTV- 

NINETV- 

hucthb 







EIOIIT 

TWO 

SIX 

TTVEKH 



ONE 

HOUR 

TWO HOURS 

HOURS 

nouns 

HOURS 

HOCES 



NUM- 

NUM- 

NUM- 

NU.M- 

N'uxr- 

NUM- 

NUM- 

NUM- 

NDM- 

NUM- 

OTU- 

m 



BER 

BER 

HER 

BER 

BER 

BER 

HER 

BER 



m. 

BQ 

barbiturate 

DOSE 

RAT.S 

RATS 

TmVTS 

K.VTS 

RATS 

RATS 

RATS 

lUTS 

RATS 

RATS 

TATS 

tiii 


(jro./Ka.) 

used 

DEAD 

USED 

DEAD 

USED 

DEAD 

USED 

DEAD 

USED 


USED 

Pii! 

ortal 

DM 

10 

1 

10 

8 

ma 

C 









10 

1 

10 

7 

30 

8 







la pentobarbital 


10 

0 

so 

20 


4 

10 

3 

mm 

7 



^oonal 

13.G 

10 

0 

20 

11 


5 

30 

C 





7a alurato 


10 

1 

10 

3 

Wm 

C 

10 

6 





7a barbital 


10 

0 

10 

1 

Wm 

2 

10 

2 


0 



7a ipral 

20.0 

10 

0 

10 

1 

m 


10 



5 

HJI 

0 


37.5 

10 

1 

10 

1 

10 


10 

1 


3 

■isa 


When picrotoxin xvas used as the convulsant agent, the results indicat^ 
that supplemental information, not obtained by other methods commonly m 
use, was obtained. For convenience in discussion, the eight barbitui'ates whose 
standard protection against picrotoxin was determined at one hour were divided 
into two groups: (1) those in which picrotoxin at two hours killed more than 
50 per cent, and (2) those in which picrotoxin killed less than 50 per cent in a 
similar period (Table III and Pig. 1). Of the four compounds which gave 
less than 50 per cent protection at two hours, the sodium salts of amytal and 
ortal gave results not significantly different from each other. Neonal showed 
the same type of result, but the maximum death rate was not reached 
quieldy. Sodium pentobarbital showed a different type of result; whereas at 
two hours, 67 per cent were killed, at forty-eight hours only 13 per cent were 
killed. At seventy-two hours, 30 per cent were killed and at ninety-six hours 
70 per cent were killed. The chance that the difference between the fort 3 ’-eight 
hour value and the two-hour value was not significant was less than 1 in 100, OOO- 
The chance that the difference between the two-hour value and the seventy-twe 
• value was not significant was less than 1 in 100. Extra rats were run 
t these intervals as can be seen from Table III. There -was no difference iu 
results between the different runs. At present there is no explanation for this 
increase of protective action after the partial disappearance of protection. 
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Some studies on another group of rats indicated a similar type of protection, 
hut the timing -was different for the other strain of rats. 

Of those compounds vfhich showed less than 50 per cent deaths at two 
hours, the action of sodium alurate was the most brief. The protection seemed 
to he gone at fortj'-eight hours. There was no real difference between sodium 
harhiti and sodium ipral. They both showed significant protection at seventy- 
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two hours hut not at ninety-six hours. Sodium phenoharbital apparently 
showed some protection at ninety-six hours, hut at 120 hours the effect of all 
was worn off. Therefore, it may be assumed that ninety-six 
ours would be sufficiently long to run the test for real differentiation. Of 
i % ®*Sht compounds which were studied with the standard at one hour, 
^ so itun ortal was the only one which required an anesthetic dose. This dose 
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Table IV. Barbiturates Showing Short PROTncrioN Against Picrotoxin 
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killed about one in thirty rats. For this rca.s'on sodium oi-tal was also tested 
■with a standard inteiwal of twentj’ minutes. 

For the shorter acting compounds, the standard was determined at twenty 
minutes after tlie barbiturates (Table IV and Fig. 2). The dose of sodium 
ortal for this interval was not lethal but was anesthetic. Sandoptal was tried 
in doses up to the dose used against stiychninc at one hour. Since sandoptal 
was still not effective against picroto.vin, that compound was tested at tivcnly 



Flu* 2. Deaths from picrotoxin after barbiturates "aath short anticonvulsive activitj*. 

minutes. • Here a dose just appi-oaching tlie anesthetic level tvas necessary- 
Sandoptal -was the only barbiturate in which the protective dose against 
picrotoxin was not smaller than the protective dose against strychnine for 
the one-honr standard. It can he seen that the protective action of sandoptal 
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was verj’ short. It might be that since picrotoxin took longer to produce 
convulsions and kill than stiychnine, most of the acti%'ity was gone by the 
time picrotoxin became effective; whereas, tliat was not true of strychnine. 
Of the four compounds studied with a twenty -minute standard for picrotoxin, 
sodium seconal, sandoptal, and sodium octal all showed consistent decrease in 
activity with time. The activity of sodium seconal decreased most rapidly 
and that of sodium ortal least rapidly. Sodium pcntothal showed a consistent 
decrease through the sixty-minute interval and then apparently an increase 
in actmty at eighty minutes. The chance that the difference between these 
two times was not significant is about 1 in 20. It would appear that pentothal 
showed the same phenomenon as pentobarbital but not in so striking a manner. 

SUIIJIARY 

Strychnine proved to be unsatisfactory for testing the comparative anti- 
onvulsant action of barbiturates. Picrotoxin was a satisfactorj- agent for 
leasuring this action. Ten male rats of the strain used weighing from 66 
0 80 grams inclusive proved to be a sufficient nirmber to give consistent 
esults. The barbiturates with short duration of anticonvulsive activity were 
tudied with a standard interval determined at twenty minutes after the 
idministration of the barbiturate. Those with medium and long duration of 
inticonvulsive activity were studied with a standard determined at one hour. 
JOSS of anticonvulsive activity was usually continuous and varied from an 
lour to four days for complete loss. "With two compounds studied there was 
m early loss of activity followed by a partial regaining of anticonvulsive 
ictivity before the final loss of activity. The information obtained did not 
replace information obtained by othevmethods. It is believed that this method 
might give supplemental information -which would be useful in some instances. 
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Table IV. Barbiturates Showino Short Protection Against Picrotoxin 
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killed about one in thirty rats. For this reason sodium ortal was also tested 
with a standard interval of twenty minutes. 

For the shorter acting compounds, the standard was determined at twenty 
minutes after the barbiturates (Table IV and Fig. 2). The dose of sodium 
ortal for this interval was not lethal hut was anesthetic. Sandoptal was tried 
in doses up to the dose used against stiychnine at one hour. Since sandoptal 
w'as still not effective against picrotoxin, that compound w'as tested at twenty 



Fig. 2.— Deaths from picrotoxin after barhlturates with short anticonvulslve actlvltj'. 


minutes.- Here a dose jitst approaching the anestlietic level tvas necessary. 
Sandoptal was the only barbiturate in tvhicli the protective dose against 
picrotoxin was not smaller than the pi'otective dose against strychnine for 
the one-hour standard. It can be seen that the protective action of sandoptal 
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was very short. It might be that since picrotoxin took longer to produce 
convulsions and kill than stiychninc, most of the activity was gone by the 
time picrotoxin became effective; Avhcrcas, that was not true of strychnine. 
Of the four compounds studied with a twenty-minute standard for picrotoxin, 
sodium seconal, sandoptal, and sodium ortal all showed consistent decrease in 
actmty Avith time. The activity of sodium seconal decreased most rapidly 
and that of sodium ortal least rapidly. Sodium pentothal shoAved a consistent 
decrease through the sixty-minute interval and then apparently an increase 
in acth'ity at eighty minutes. The chance that the difference between these 
two times A\’as not significant is about 1 in 20. It Avould appear that pentothal 
showed the same phenomenon as pentobai-bital but not in so striking a manner. 

SUMMARY 

Strychnine proved to be unsatisfaetorj' for testing the comparative anti- 
convulsant action of barbiturates. Picrotoxin A\’as a satisfactorj^ agent for 
measuring this action. Ten male rats of the strain used Aveighing from 66 
to 80 gi’ams inclusive proved to be a sufficient number to give consistent 
results. The barbiturates with short duration of anticonAuilsive actmty were 
studied Avith a standard interA’al determined at tAventy minutes after the 
administration of the barbiturate. Those Avith medium and long duration of 
anticouATilsive activity Avere studied Avith a standard determined at one hour. 
Loss of anticonvulsive actiAity Avas usually continuous and varied from an 
hour to four days for complete loss. With tAvo compounds studied there was 
an early loss of activity folloAved by a partial regaining of anticonATulsive 
activity before the final loss of actiAnty. The information obtained did not 
replace information obtained by othevmethods. It is believed that this method 
might give supplemental information AA’hich would be useful in some in.stances. 
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AN IN VITKO IMETHOD FOR DETERMINING THE RESISTANCE OF 
BETA HEMOLYTIC STREPTOCOCCI TO SULFADIAZINE* 

JLvjor jMason Trowbkidgk, Jr. 

Medical Corps, Army of the United States 

T he appearance of a number of strains of Group A beta hemolj'tic strep- 
tococci which are highly resistant to sulfadiazine makes their recognition by 
in vitro tests highly desirable. Certain in vitro procedures used heretofore for 
this purpose have been somewhat cumbersome for routine elinical use. We have 
been able to differentiate between common strains of gi'oup A streptococci which 
are susceptible to sulfadiazine and certain highly resistant epidemic strains by 
a relatively simple method. The concentration of sodium sulfadiazine required 
to cause a 50 per eent slowing of the growth rate of the organisms is measured; 
a casein hydrolyzate, beef infusion medium enriehed with small amounts of 
serum is used. 

Similar methods have been used extensively in antibiotic studies. Kohn 
and Harris^ have showm that such a method is well adapted for detemining the 
sulfonamide resistance of bacteria in media containing sulfonamide antagonists. 
They have carried out exhaustive studies of growth rates of bacteria in media 
containing sulfonamides and various suKonamide antagonists^’’ and have shown 
that in such a medium the influence of sulfonamides on bacterial growth rates 
is constant only if an appropriate degree of growth inhibition is measured.’’^ 
The measurement of a degree of inliibition below' a certain critical level mini- 
mizes the influence both of the para-aminobenzoic acid’ type of antagonist and 
of secondary types.’ 

The rationale for methods of the type proposed is discussed by’ Kohn^ in 
a consideration of the principles involved in designing a method for study of 
sulfonamide antagonists and symergists. He states that the type of method ad- 
vocated can be adapted for determining sulfonamide I'esistance of bacteria in 
vitro. The desirability of using a growth rate method to compensate for cul- 
tural differences of different strains of bacteria is stressed. The fallacy of 
reading all tests at a definite time is pointed out. The leew’ay afforded in the 
size of the inoculum and other advantages of this type of test are discussed. 

PROCEDURE 

Preparation of Medium . — Pat and papillary’ muscle are removed from fresh 
beef heart. The heart is ground and infused overnight in a refrigerator in 
1,000 c.c. distilled water for each pound of ground heart. It is then heated and 
a temperature of 85 C. is maintained for tliirty’ minutes. The fat is skimmed 
from the surface and the suspension is filtered through gauze and coarse filter 
paper. The filtrate is made up to volume with distilled water. 

•Army Air Force Rheumatic Fever Control Pro(n-am 
Received for publication, Nov. 5, 1945. 
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To each 800 c.c. of the infusion, 200 c.c. vitamin-free casein hydrolyzate* 
in 10 per cent solution are added. The mixture is warmed to room temperature 
or above, and to each 1,000 c.c. the following chemicals are added: 

Sodium cUoride ^ 2.0 Gm. 

Dextrose 2.0 Gm. 

Na^O, 12 H,0 1.0 Gm- 

The pH is adjusted to 7.6 and the material brought to boiling. It is then 
filtered and the pH is again cheeked. 

From 16 to 18 c.c. are distributed in Nessler type pyrex tubes and auto- 
claved at 121° C. for fifteen minutes. The final pH will be from 7.3 to 7.4. 
Values below this and above 7.8 are unsatisfactory. 

The medium may be stored in the refrigerator until it is needed, at which 
time 1 per cent sterile rabbit, human, or horse serum is added. The serum 
need not be inactivated in the water bath. 

Preparation of Sidfadiazine Tvhes. — K solution of sodium sulfadiazine in 
N/lOO NaOH, which contains 1,280 mg. sulfadiazine per 100 c.c., is prepared. 
By appropriate dilutions wnth N/lOO NaOH, solutions of 10, 40, 160, 320, and 
640 mg. per cent sulfadiazine are also prepared. 

Each test requires seven Wassermann type test tubes. One contains 0.25 
C.C. distilled water; the other six contain, respectively, 0.25 c.c. of 10, 40, 160, 
320, 640, and 1,280 mg. per cent sodium sulfadiazine. These tubes are plugged 
and sterilized in an Arnold sterilizer on two successive days for an hour. They 
may be stored indefinitely if evaporation is prevented. 

Equipment Necessary for Each Test . — 

1. Prom 16 to 18 c.c. sterile casein broth. 

2. Kahn type test tube containing 0.5 c.c. sterile casein broth. 

3. Fifteen- to eighteen-hour culture of test organism in casein broth. 

4. Control and six sulfadiazine tubes (see imder Preparation of Sulfa- 
diazine Tubes). 

5. Sterile plugged graduated 10 c.c. pipette. 

Procedure. — Between 8 and 10 a.m. an eighteen-hour culture of the organ- 
ism is agitated several times and a loopful (platinum loop of from 2 to 3 Tn-m 
inside diameter) is transferred to 0.5 c.c. warm casein broth. (It is desirable 
to keep ah broth as near 37° C. as is practical.) After agitation, a loopful of 
material is transferred from the 0.5 c.c. tube to a tube containing 18 c.c. of 
warm broth. 

^ This 18 c.c. tube of inoculated broth is mixed thoroughly either by beino- 
aspirated with bulb and pipette ten times or by being placed for five minutes in 
a Kahn shaker. Then 2.25 c.c. of the inoculated broth are transferred to each 
of the control and six suKadiazine tubes. The final sodium sulfadiazine con- 
centration of each tube will be 0, 1, 4, 16, 32, 64, and 128 mg. per cent. 

All control tubes are placed in one rack and the sulfadiazine tubes in an- 
other rack on the same shelf of the incubator at from 36 to 37° C. It is most 
importa nt that the temperature is not allowed to go above 37° C.‘ 

•General Blochemleals. Inc.. Chagrin Falls. Ohio. 
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The rack of control tube.s is inspected durijig- the evening and the time at 
which each becomes visibly turbid is noted. For most clinical worlc, it is suf- 
ficient to inspect the tubes at about 8 and 11 p.ji. 

Beading and Beporting I'csf.t . — The sulfadiazine tubes .arc read when they 
have incubated for appro.ximately twice as long as the time required for the 
control tube to become turbid. It is assumed tluit if an inoculum requires twice 
as long to acliieve visible turbidity in .a sulfonamide as in a control tube, the 
growth rate in tlic former was only lialf that of the control. We liave adopted 
the following routine: If the control tube was turbid by 8:00 I’.Ji., the cor- 
responding suU'onamide tubes were e.Kamined at from 8:00 to 9:00 a.ji. At 



Fig-. 1. — SuIfadiazine-siisceptiWc ■•.train of Group A beta iirmolytic streptococcus 
mg end point at 4 mg rj, sulfadiazine, Jinny strains vill show no visible growth in am 
sulfommide tube (Otllcial pliotoginpli. United States Army Air Forces.) 


this time all strains which had gromi out in media containing as much as 128 
mg. per cent sulfadiazine were tentatively reported “resistant,” pending cul- 
ture for purity of the highest sulfonamide tube showing growth. Sulfonamide 
tubes for which the control tube became turbid by 11 :00 p.m. were read at 
noon. The few sulfonamide tubes for ulueh the corresponding control became 
turbid after 11 :00 p.ji. and before the following morning were arbitrarily read 
late the following aflenioon. 

Before the six sulfonamide tubes are examined, they should be shaken 
vigorously for a few seconds. It is usually noted that’ all tubes below a certain 
sulfadiazine concentration will show a hea\'j'- turbidity, while those above that 
level will be clear (Fig. 1). 



RESISTANCE OF BETA HEMOLYTIC STHEPTOCOCCI TO SULFADIAZINE 20l 

The liighest sulfonamide-containing tube showing definite turbidity is re- 
garded as the concentration of sodium sulfadiazine causing 50 per cent inhibi- 
tion of the growth rate and is so reported. Tubes in which tlie clump of organ- 
isms is so small as not to be obvious after shaking are regarded as clear. Karely 
the end point is not definite, but an error of one tube does not usually influence 
the interpretation of results. 

Knoini sulfadiazine-susceptible and -resistant strains are tested routinely 
(Figs. 1 and 2). 



Fig. 2. — Sulfadlazlne-realstant strain of Group A type 17 beta hemolytic streptococcus 
sulfadiazine tubes from 1 to 12S mg. per cent sulfadiazine. (Official 
photograph. United States Army Air Forces.) 

RESULTS OBTAINED 

Group A streptococci from the Denver area and a number of Air Force 
installations throughout the country were tested at Buckley Field, Colorado, by 
the proposed method. The clinical response to sulfadiazine of a number of the 
strains tested was known. An epidemic of streptococcal infections caused by a 
highly sulfadiazine-resistant strain of type 17 streptococcus (reported else- 
where) furnished a large number of clinical cases with which to check in vitro 
results. This limited experience indicated that organisms would be susceptible 
to therapeutic administration of sulfadiazine if they grew only in 4 mg. per 
cent concentration of sulfadiazine or less and resistant to therapy if they were 
able to grow in concentrations of 64 mg. per cent or more. Intermediate values 
or m vitro resistance gave less satisfactory clinical correlation. The parallel 
etween clinical response and in vitro resistance with most strains of Group A 
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streptococci was close because most strains encountered by us wore eitlier mark- 
edly sulfadiazine-susceptible or -resislanl. 

Certain strains of streptococci of varying degrees of sulfadiiizine resistance 
were tested from thirtj' to fifty limes in different batches of medium. Variation 
in results of more than one tube occurred infrequently. Tlie tc.st is therefore 
sufficiently accurate to be of clinical value. 

The Wilson® method of determining .s-ulfadiazine res'iNlancc ol .streptococci 
in vitro has been used by Sholt* at another laboratory. A scries of 318 Oronp 
A streptococci of different types rvore tested by the proposed metliod and the 
Wilson method. Radical differences between the two nietbods prevent direct 
comparison of sulfonamide values obtained. There, wn.s agreement on the in 
vitro resistance to sulfarliazinc for 04 per cent of the strains tested. It is of 
intere.st that both laboratories working independently were in agreement that 
streptococci of types 3, 17, IS, 19, and 30 arc sometimes sulfadiazine resistant 
in vitro. Shot}’ also reported that .sirain.s of type.s 1 and 14 were re.si,stant in 
vitro, these type.s having hocn oncoiinlcrcd infrequently by u.s. No Group A 
streptococci other than, strains of the five types mentioned were found resistant 
by the proposed metliod. 

.SUJIMARY 


1. A simple method of determining the .sulfadiazine vcsistancc of Group 
A beta hemolytic streptococci i.s described. 

2. The test is iiascd on the observation of Kohn and Harris, that sulfon- 
amide antagonists do not inlliiciice results greatly- if an appropriate degive of 
growth inhibition is measured. 

The author is greatly inrlcblcf! to Pfe, It. r. Kolm for instructions in dcsignioS 
this test. 
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EFFECT OF METALS ON GIEJtlSA STAIN SOLUTIONS IN FIFTY PER 
CENT GLYCEROL AND ]METHANOL JIIXTURE 

R. D. LILX.IE* 

Bethesda, Md. 

D uring world war II, one batch o£ Giemsa stain solution prepared for the 
use of tiie Naval IMedical Corps deteriorated in sendee at various stations. 
OfScers complained that all cosin staining was lost. This lot had given satisfac- 
torj' staining and spectroscopic tests before issuance, and retained samples in the 
Naval Medical School and in the National Institute of Health still gave satisfac- 
toiy tests. 

Examination of spectroscopic data revealed a marked proportionate de- 
crease in optical density at the cosin peak of from 516 to 518 m/i. in the case of 
the two samples giving unsatisfactory stains. Heating the solutions and shaldng 
them frequently for several days failed to remedy this defect. It was thought 
that exposure to outdoor winter temperatures might have occasioned precipita- 
tion of eosinates, thus decreasing the relative quantity of eosin remaining in 
solution, since. Giemsa stain normally contains an added excess of thiazine dyes 
over the neutral eosinates. 

At this point in the investigation, O. Western, Lt., and E. E. Ozburn, 
(j.g.), both jM.C., U.S.N.R., in the chcmistiy laboratory of the Naval Medical 
Center, observed a yellowish incrustation on the tin-foil seals lining the screw 
caps of the Giemsa .stain bottles and found that when this material was washed 
off in water, a yellowish pink solution was obtained. 

Following these obseiwations, we obtained some of the incrusted tin-foil cap 
liners and extracted them witii aqueous .sodium carbonate solution. These 
jnelded red solutions with a yellow fluorescence on dilution. Spectroscopically, 
after dilution with water, they gave maximum absoi’ption at A 516; the 90 per 
cent density band was 11 and 12 lU/i wide and medians were found to be 515.2 
and 516.3. These data lie within the i-ange given by usual samples of eosin Y 
in distilled water. 

Next, some uncorroded tin-foil cap liners were imniei’sed in laboratory 
samples of Giemsa stain at 37° C. When a 1:500 dilution in distilled water was 
examined spectroscopically, this .stock stain gave a ratio of eosin density to thi- 
azine density (DB/61 of 0.571. In sixteen hours, this value reached 0.486; in 
seven days, 0.199. Since, in accordance uith the Beer-Lambert law, optical 
density is directly proportional to the concentration of the solution, this fall in 
density at the cosin peak, in relation to the density at the thiazine peak, indicates 
a considerable loss of eosin from the stock solution. Thi.s experimentally altered 
sample presented the same loss of eosin staining as was obseiwed in the deteri- 
orate samples returned for re-examination. 

Erom the Pathology Laboratoty, Xatlonal Institute of Health. 

Received for publication. Xov. H, 1943. 
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Table I. Spkctuo.scoi'ic Data on Various Sajiples or One Lot of Gie.msa Stain 




EOSIN 

THIAZINE 

compom:nt 

HESCRIPTION nr SAMPLES 

DATE 

X 1 D 1 P. 

X 1 D 1 

■\v 

1 M 

Original pre-issue e.vaminntion 

8/31/d4 

518 .2(14 .574 

000 .400 

21.5 

CjC.6 

Re-examination of above sample 

2/20/45 

516 .170 .5,55 

GOO .305 

25.4 

C54,8 

Same, heated 

2/27/45 

510 .202 .52.5 

055 .385 

24.0 

(ij3.4 

Returned unsatisfactory sample 

2/20/45 

510 .100 ..'172 

057.5 .270 

25.4 

654.5 

Same, heated 

2/27/45 

510 .125 ..552 


24.7 

633.4 

First sample from Naval Medical 

School Stores 

2/20/45 

518 .082 .240 

057.5 .332 

23.3 

655.1 

Same, heated 

2/27/45 

510 .000 .202 


24.0 

653.S 

Second sample from Naval Medical 
School Stores 

2/20/45 

518 .214 .500 

057.5 .382 

25.4 

654.8 

.Same, heated 

2/27/45 

510 .221 .525 

055 .421 

23.2 



A = Absorption inaxlmuni. 

D = Optical density at absorption niaxlmuin. 

R = D at oosln absorption maximum divided by D at tbinzine absorption maximum 
AV =: Width of absorption band In which D exceeds 90 per cent of its maximum. 

M = Median of absorption band In which 1) exceeds 90 per cent of Its maximum. 


Tile composition of the tin-foil* liners employed was unknown to us at that 
time. Therefore, we placed small quantities of various pure metals in 10 c.c. 
quantities of O.S per cent Giemsa stain in equal volumes of glycerol and methanol 
and incubated these at 37° C. In addition controls were used with no added 
material and with cardboard, cork, and rubber. 

In the five controls, the ratio DE/D5 remained above .500 except for the 
forty-four day cardboard sample ; it became .415. Similar behavior was noted 
ivitli cobalt, chromium, lead, copper, .silver, and one sample of brass. "With 
calcium and magnesium there was a pronounced shift of the tbinzine absorption 
band from the initial 65S.2 median to 605.9 and 620.9 for the fimt two, re- 
spectively; ivith two samples of cadmium, the .shift was to 638.5 and 616.5. This 
is interpreted as the usual effect of alkali. t With calcium, the DE/D9 ratio rose 
to 1.32 and 1.062 at fourteen and twenty-eight days, re.siiectively; with mag- 
nesium, it remained in the usual zone; while Avith cadmium it fell in twenty- 
eight days to .323 for the first and to .290 for the second sample. With the sec- 
ond sample of brass, two samples each of aluminum, zinc, tin, arsenic, and anti- 
mony, the DE/D0 reached values below 0.300 in from fourteen to twenty-eight 
days or longer; Avitli aluminum, sixt.v-three days were required and Arith arsenic, 
seventy-seven days (one sample each). The loAvest values for the DE/D0 ratio 
AA'cre reached Avith zinc (.162, .129) and aluminum (.186, .172). 

The tA\m most active metals in the electrolytic series produced primarily 
alkali effects, probably' because of their rapid coin’orsion to h.vdroxides, and there 
Avas little or no adsorption of eosin. The loAver metals in tlie electrolytic series 
apparently did not decompose the cosinatc, Avhile the middle members actively 
decomposed the eosinates and remoA'cd the eosin from solution. 

With the exception of the calcium, cadmium, and magnesium samples noted, 
the thiazine absorption band median either remained fairly stationary between 
658 and 650 or shifted moderately to the left (into the 640 ’s); Avith one sample 


•The composition of the tin foil used for these cap liners was furnished us from the 
manufacturer: Un 99.7 per cent; lead, not over 0.12 per cent; copper, 0.03 per cent; arsenic. 
0.103 per cent; antimony, 0.08 per cent; and Iron, not over 0.04 per cenb 

SoIven^fel'pub^He^iih 









Table II. Effect of Incubation of Giemsa Stain at 3; 

Absorption Spectrum 


C. With Various Metals on 


DATS 

time 




00% ue 

\ E 1 

\ e 

■w 1 M 


DE 

Te 


Control 

Second Control 
Cardboard Control 
Cork Control 
Bubber Control 
Tin 

First sample 
Second sample 

Cadmium 

First sample 
Second sample 


Zinc 

First sample 
Second sample 

Aluminum 

First sample 
Second sample 


Magnesium 

Calcium 

Iron 

Cobalt 

Chromium 

Lead 

Copper 

Silver 

Brass 

First sample 

Second sample 


Arsenic 

First sample 
Second sample 


Antimony 

First sample 
Second sample 


0 

316 

660 

27.9 

658.2 

0.655 

14 

516 

652.5 

24.9 

652.2 

.769 

28 

516 

632.5 

30.1 

047.0 

.765 

14 

516 

637.5 

25.6 

652.5 

.711 

28 

516 

652.0 

26.4 

650.7 

.547 

14 

518 

632.5 

19.3 

650.8 

.565 

44 

517 

650 

28.6 

647.8 

.415 

14 

516 

652.5 

31.7 

649.6 

.ODD 

44 

517 

630 

2S.S 

648.1 

.619 

14 

516 

637.5 

28.2 

649.6 

.619 

44 

516 

649 

31.0 

640.0 

.730 

14 

520 

657.5 

26.0 

656.2 

.249 

14 

■ 516 

655 

26.9 

652.4 

.270 

2S 

516 

657.5 

21.1 

656.5 

.250 

14 

516 

652,3 

30.3 

643.6 

.475 

28 

518 

645 

35.1 

63S.4 

.323 

77 

518 

640 

30.6 

636.5 

.243 

14 

517 

632.5 

39.3 

631.5 

.320 

28 

524 

617.5 

35.4 

616.5 

.290 

13 

518 

660 

26.5 

661.0 

.162 

14 

504 

655 

23.6 

654.1 

.151 

28 

408 

039 

20.6 

657.4 

.129 

13 

521 

660 

31.6 

652.4 

.482 

63 

516 

645 

33.4 

640.0 

.186 

14 

516 

631 

26.4 

648.5 

.274 

28 

519 

050 

20.0 

650.0 

.172 

14 

516 

640 

40.4 

632.5 

.859 

28 

515 

622.5 

33.9 

620.9 

.683 

14 

516 

630 

31.5 

607.3 

1.320 

28 

514 

t)05 

30.1 

605.9 

1.062 

14 

520 

637.0 

26,0 

655,0 


63 

518 

650 

31.0 

646.2 

.387 

14 

.516 

652.0 

32.3 

648.2 

.779 

28 

517 

647.5 

31.9 

643.5 

.699 

14 

516 

657.0 

25.6 

653.6 

.730 

28 

517 

652.0 

19.9 

652.7 


14 

520 

660 

26.9 

657 A 

.705 

63 

516 

650 

35.5 

643.1 

.746 

14 

518 

660 

28.2 

656.2 

.673 

63 

514 

652.5 

32.8 

647.5 

.614 

14 

517 

657.5 

25.2 

655.3 


28 

514 

b'D/.5 

23.4 

654.6 

.520 

14 

516 

660 

27.2 

654.1 


28 

51 15 

650 

25.9 

650.4 

.539 

14 

515 

646 

28.8 

645.0 

.384 

28 

516 

649 

29.3 

646.0 

.200 

14 

516 

655 

27.5 

653.8 


28 

77 

14 

516 

516 

517 

6i>o 

647.5 

650 

24.6 

27.7 
32.5 

652.6 

649.0 

643.4 

.338 

.209 

28 

522 

G45 

34.4 

634.5 

.206 

34 

516 

662.5 

24.6 

654.3 


2S 

77 

514 

516 

656 

656 

25.6 

24.7 

6oS.I 

Co4.0 

.228 

,.2Q9 

14 

516 

65V,3 

24.7 

652.8 


28 

512 

660 

23.0 

654.5 

.209 


^ = Absorpt.^ 

E = Eosln. 

B = Thiazine. 

— Optical density at absorption maxlmuni. 
w ~ "ifidth ot absorption band in which Penslty (p) )s over 90 per cent nf ito t 
-Axim^a = ot absorption band in which Pcnsl^- (D) is ov"r 90 Per ceTo?“S 
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with arsenic, to 634.5. With zinc, iiowever, the absorption band median shifted 
to 661 witli one sample at thirteen day.s, and fi-om 654 at fourteen days to 657.4 
at twenty-eight days with the other. 

In further exploration of this atypical shift, sainj)les of thionin eosinate 
and of azure A eosinate in 1 per cent solutions in glycerol methanol 50:50 vol- 
ume mixture were incubated at 37° C. with metallic zinc. The shift of the ratio 
DE/D0 occurred as before, going from 1.000 to 0.39.9 in twenty-eight days with 
thionin eosinate and from .593 to .215 in two months with the azure eosinate. 
The thionin absorption band median remained constant in position between 595 
and. 599, both with and witliout zinc. The azure A absorption band median 
shifted from 622.9 to 638.0 in two months with zinc but remained between 621 
and 623 without it. 

The e.xact explanation of this phenomenon remains obscure. Formation of 
ethyl thionins has been suggested. 


COKCLUSION’ 

Various metals have the property of decomposing thiazinc eosinates in 
glycerol methanol solution and removing the eosin from those solutions. These 
are relatively active metals in the electrolytic series. However, alkali earth 
metals appear to act purely as alkalies. 

Zinc acts on methyl thionins in glycerol methanol solution, but not on 
thionin, to .shift their .spectral absorption bands toward the red end of the 
visual .'spectrum. 

The use of tin foil or other foils containing tin, zinc, or cadmium for lining 
screw caps for Giemsa stain is conti'aindicntcd. Copper foils containing ap- 
preciable admixtures of zinc or tin seem to be similarly contraindicated. 
Paraffined cardboard seems to be the mo.st innocuous and generally .satisfactor.' 
lining material for such caps. 

Acknowledgment is due to 1). I’lotka, for rending tlie absorption spectra and doing pd 
of the mathematical calculation of derived spectroscopic dntn as well as for other tccnnicai 
ssistance. 
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Hematology for Students and Practitioners. By Villix H. Fowler, AJl., M.U., Profe^.=or of 
Internal Jledioine, Bniver.'^ity of Iona, Iowa City, Iowa : with a chapter by F.lmrr L. 
DeGoidn. A.B., M.D., Assistant Professor of Internal Medicine, University of Iowa. 
Iowa City, Iowa. Paul B. Iloober, Inc., New York, 19-15. Price .$8.00. Cloth with 
499 pages. 

In this new volume on clinical hematology. Dr. Kowicr presents, from the standpoint 
of the internist, the hematological viewpoint which he has exemplified in his own practice, 
teaching, and research at the University of Iowa in recent years. “Because of the wide 
variety of lesions which produce alterations in the circulating blood, hematologv' cannot 
be too definitely separated from the parent field of internal medicine, and diagnosis of 
diseases of the blood should be hanerl on a consideration of the patient as a whole, not on 
eramination of the hlood alone.’’ (Beviewer's italics.) 

To the undergraduate medical student and the modern-day, intelligent practitioner of 
medicine, the current “theories” underlying the etiologj' and therapy of human disease 
are usually considered to be less essential than to the active investigator. On this assump- 
tion, sufficient background, devoid of detailed discussions, and adequate illustrative plates, 
both colored and black and white, with pertinent tables and graphs are provided to support 
the text and to illuminate the practical instructions given and conclusions drawn. IVith 
the same objectives in mind, the bibliographic references are brief and to the point, are 
seldom interjected into the text, and reflect the critical selection and judgment of the author. 

The discussion of the anemias is excellent, including a timely chapter on the anemia 
secondary to blood donations, which provides the backdrop for Elmer DeGowin’s thorough 
and authoritative discussion of all that has been learned in World War II about blood 
transfusion and the therapeutic use of blood derivatives. The present reviewer has yet 
to see anywhere so succinct and complete a resumd of this most important subject, which 
m of utmost significance to ereri/ physician-surgeon, internist, and medical specialist alike, 
of whatever particular interest. The basis for donor selection, the technics of collection, 
preservation, and typing of blood, including the Rh factor, the organization of a blood bank, 
the indications and contraindications for the use of blood and/or blood derivatives and 
substitutes, and posttransfusion reactions, their cause, prevention, and treatment, are all 
treated from the most practical clinical standpoint. 

The differential diagnostic approach to the hemorrhagic and purpuric syndromes is 
clearly presented, and a verj- real service is performed in bringing some order out of a 
considerable degree of chaos in the thinking of many medical students and practicing 
physicians in these areas. 

In contrast to the primary blood dyscrasias appears a brief chapter on the blood 
picture in a miscellaneous group of infections, which will be helpful to the general clinician. 

An innovation worthy of emulation and elaboration is the separate chapter in this 
work devoted to a special consideration of the blood picture in infancy and childhood. 
Diagnostic and prognostic interpretations arc decidedly conditioned by' the age of the pa- 
tient, and a recognition of this will avoid many errors in clinical judgment and therapeutic 
advice. 

The volume is closed with a short chapter on routine laboratory procedures and an 
th rapid reference to specific detailed information. This volume reflects 

e improi ement in format and quality of paper stock which the postwar period will now 
make possible. 

Dr. Fowler has admirably accomplished his stated objectives. 


CH.VRL.ES A. Do.vx. 
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Pulmonary Edema and Inflammation. Harvard University Monograph in Medicine anl 

Public Health No. 7. By Cecil K. Drinker, M.D., D.Sc., Professor of Physiology, School 

of Public Iloaltli, Harvard University, Boston, hrns.s. Harvard University Press, 

Cambridge, Jlass. Price •$2.50. Cloth with lOG pages. 

This small volume constilutes a seric.s of four lectures delivered at the Bovman Gray 
School of Medicine in December, HH-1, together with a fifth chapter on artificial respira- 
tion. Although the title of the book is perhaps somewhat misleading, since only the brief- 
est mention is made of inflammation, the text i.s packed with valuable information and is 
written in a pleasant informal style punctuated by frequent touches of delightfal hninor- 

The first lecture, dealing with structure, describes the vast capillary network of the 
lung and defines its relation to the more than 750 billion alveoli. The structure and 
function of the pulmonary lymphatics arc authoritatively discussed and there is included 
a detailed description of the author’s own method of cannulating the right lymphatic duet 
of the dog. Since in most dogs practically all of the lymphatics from both lungs drain into 
the right duct, it is possible to study pulmonary lymphatic flow by means of cannulating 
this delicate vessel. 

In discussing the histology of the lung, Drinker quotes widely from the writings of 
■William Snow Miller whose volume on the anatomy of the lung has for many years been 
accepted as the most authoritative treatise on the subject. It is of interest, therefore, that 
the author accepts without reservation the evidence presented by Loosli concerning the 
existence of the interalveolar communications known ns the pores of Cohn. Miller, vho 
contended that each alveolus was lined with a very thin layer of flat epithelium, claimed 
that these minute communications between the alveoli could be found only in pathological 
lung tissue and were absent in the normal lung. To refute this carlior claim. Drinker 
quotes extensively from Loosli ’s e.vporimcnts and even goes so far as to publish two of hb 
camera lucida drawings illustrating the pores of Cohn. The acceptance of this evidence is 
of particular significance since Drinker fails to mention the equally conclusive experimeatf 
of the same author disproving Itfillor’s contention that each alveolus is lined with epitbelinm- 
Loosli has clearly demonstrated that the alveolar walls arc made up only of capillaries 
supported in a network of reticulum and he has pointed out that the pores of Cohn merely 
represent the holes which normally exist in this network. To the reviewer at least, it 
appears illogical to accept the existence of the pores of Cohn and at the same time con- 
tend that the alveoli are lined with epithelium. Drinker not only ignores the important obser- 
vations of Loosli regarding the structure of the alveolar walls, but ho also makes frequent 
reference to the epithelial lining of the alveoli in interpreting the consequences of pulmoanry 
edema. 

The second lecture discusses physiological factors relating to pulmonary edema. At 
the outset, the author clearly' states his belief that: "Simple pulmonary edema and the 
more serious pulmonary exudation depend more upon alterations in the permeability of the 
lung capillaries than upon complicated pressure relations in the pulmonary circulation.’ 
He presents considerable e.xperimental evidence to support this view and emphasizes the 
role of anoxia in causing increased capillary permeability. Although the author’s reason- 
ing appears to be entirely sound, most of the evidence presented is indirect, and the reader 
is left n-ith the impression that more direct methods of experimentation must be employed 
before the statement can bo conclusively proved. Of greatest interest in this lecture is the 
discussion of an unnamed derivative of thiourea which apparently exerts a selective action 
upon the pulmonary capillaries, causing little, if any, change in the other capillaries of the 
body. The drug, which is extremely insoluble in water, when injected intravenously) 
causes profound pulmonary edema. The fluid leaking from the pulmonary capillaries is at 
first carried off by the lymphatic drainage, but eventually the leakage becomes so marked that 
the ly-mphatics can no longer handle the load and pulmonary edema ensues. This com- 
pound should in the future be of great value to physiologists in elucidating the cisot 
mechanism of pulmonary edema. 
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In the third lecture Drinker discusses theVeffect of breathing movements upon 
lymphatic flow in pulmonary tissue. Cleverly designed experiments are described which 
indicate that increased inspiratory and expiratory efforts augment the flow of Ij-mph from 
the lung. The importance of position as the cause of blood stasis and atelectasis is empha- 
sized. The author warns against the dangers of allowing stasis to develop in hospitalized 
patients and mentions some of the more practical methods of avoiding this usually unneces- 
sary complication. 

The fourth and final lecture deals with a discussion of “Preventive and Therapeutic 
Measures in Asphyxiating Pulmonary Disease.” This lecture opens with two delightful para- 
graphs, the first of which deals n-ith the relationship between liberalism and the scientific 
mind and the second which contains the following description of the characteristic Harvard 
Professor; “He wears a red necktie; his trousers do not fit; and he is invariably rightl” 
There follows a scholarly but thoroughly practical discussion of the use of oxygen and carbon 
dioxide in medical therapy. A warning is sounded against the indiscriminate use of 
morphine and brief comments are made concerning the use of helium and positive pressure 
o.vygen. The physician is urged to employ oxygen early and to educate his patients and 
their families toward the point of view “that the words oxygen and undertaker are not 
synonymous. ’ ’ 

The final chapter on artificial respiration is a masterpiece and should be read by all 
medical students and house ofS^eers. It not only discusses in some detail the various practical 
methods of administering artificial respiration, but it also sets forth, in the clearest terms 
possible, the physiological principles involved in emergency resuscitation. The author points 
ont that mechanical pulmotors are in the main dangerous and ineffective and he emphasizes 
that immediate manual artificial respiration or month to month breathing should be em- 
ployed in respiratory emergencies. 

This volume constitutes an important addition to medical literature and maintains the 
high standards set by previous Harvard University Monographs in Medicine and Public 
Health. 

IV. B. Wood, Jr. 

» 

^ The Hair and Scalp. A Clinical Study (With a Chapter on Hirsuties). By Agnes Savill, 

M.A., M.D. (Glasg.) F.H.C.P.I. Third edition. Williams & Wilkins Company, Balti- 
more, Md., 1945. Price $4.75. Cloth with 304 pages and 54 figures. 

Agnes Savill has revised and enlarged the new edition of her excellent monograph 
on the hair and scalp. The opening chapter on the structure and physiology of the hair 
IS a complete presentation of our basic knowledge of this subject. Two excellent chapters 
follow on canities and the care of the hair. One can challenge, however, the implication 
that dandruff is infectious. 

Permanent waving, singeing, bleaching, and dyeing of the hair are described from 
the scientific standpoint. 

There is an excellent and informative chapter by W. T. Astbury on the molecular 
structure and elastic properties of hair. It should be read and studied by all physicians 
who are interested in the hair. 

Dr. Sa%-ill’s descriptions of the many diseases of the hair and scalp are interesting 
and informative. The relationship of internal diseases and scalp and hair affecHons are 
emphasized. 

Hew additions to the present volume are sections on cleansing agents, pigmentation, 
recent vitamin and endocrine discoveries, congenital defects, rare tumors of the scalp, etc. 

Hamilton Montgomery (Mayo Clinic) has evidently inspired additions and changes in 
ne present edition. More credit has been given to American investigators than in previous 

^ u ‘v further improved in subsequent editions as the volume still 

lacKs reference to some important American contributions.’ 

all ’"S’'*-' ’^‘=co«i“ended to all dermatologists and physicians who are at 

interested in diseases of the hair and scalp. 


Richard S. "Weiss. 
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Virus as Organism (Harvard Hnivorsity Monograph In Medicine and Public Health No. 8). 
By Franh M. BU'mct, M.D,, F.R.S., Director, Walter and Elize Hall Institute of Ite- 
search in Patliologj- and hledicine, hlelboiinic, Australia. Harvard University Press, 
Cambridge, Mass. Price .‘i!2.00. Cloth with 3.34 pages. 

In this volume is set down the substance of the Edward K. Dunham Lectures deliverel 
by the author at Harv.ard University in 1044. In that iscrie.s of lectures, Dr. Burnet set 
himself the task of considering the viruses not as inacro-molcculcs or autocatalytic enzymes, 
or par.asitos, but ns biological entities occupying a place in the cosmos of living tilings. 
Ho explains the basis for his faith tliat viruses arc inicroorgani.snis which liavc evolved by 
parasitic degeneration from larger microorganisms, many of them in all probability from 
bacteria. It is his tliesis that tliey still show evidence in their chemical .structure of con- 
formity with the general pattern of living material and that their behavior must bo inter- 
preted mainly in terms of biological concepts. He examines the general problem of evoln 
tion and change in virus disease and the reaction of the liost to virus infection. 

Spontaneous generation of viru.«es is dismi.sscd ns a concept without supporting cri- 
denco and without necessity for a consistent philosophy. The mutation of viruses is discusseil 
.and the biological requirements for survival of a mutant strain arc listed. It is pointed cut 
that excessive virulence may bo just ns much of a handicap in tlic struggle for .“urvival of 
a virus as inadequate virulence. A perfect parasite is one wliicli does not harm its host too 
much, multiplies at a rate sufficient to insure its sumvni, and is able to pass from host to 
host without excessive difficulty. The special problems of a virus in this respect arc pointed 
out. The author sliows tliat from, a biological point of view “viru-s" mus[ bo considered the 
total mass of virus in existence, not tlio small collection of particles in a single coll or even 
a single animal. Herpes simplex, poliomyelitis, psiitacosi.s, tlio smallpox group, yellow fever, 
and influenza servo as convenient and important examples of virus disease to whicli biological 
concepts are applied. 

Dr. Burnet is not only an acknowledged lender in virus roscaroli, but also a serious 
tliinker about tlie larger aspects of disease and a forceful and cntcrtiiining writer. Tie* 
volume will liavo little interest for tlio ferson interested only in tlic clicraistry or physics 
of viruses, but it is highly recommended to tho thoughtful pliysici.’in ns well ns tlic biologist 
interested in the interrelation of organisms. 

BoBEUT F. PABta:r.. 


Organic Preparations. By Conrad TTcygand, Professor at the University of Leipzig. Inter- 
science Publishers, Inc., New York, Price $0.00. Cloth with 534 pages. ‘ 



PROTEIN REQEIREilENTS OF ADULTS 

D. M. Hegsted, PhD., A. G. Tsqxgas, M.P.H., D. B. Abbott, M.P.H., ajtd 
P. J. Stake, Ph.D., !M,D. 

Boston, SIass. 

introduction 

R egent surveys on the nutritive state of population groups have clearly 
demonstrated that the intake of many nutrients at levels considerably below 
National Research Council recommendations are compatible with apparent 
good health.^"* Estimates of absolute requirements such as have been arrived 
at for thiamine® are needed if correlation with' clinical findings and nutrient 
intake is to be found, or if dietary intakes are to be more helpful in assessing 
nutritive state. Also, levels approaching requirement should form the first 
goal to he sought in rehabilitation work, when food supplies are limited, rather 
than optimum levels which, under such conditions, may be wasteful. 

The recommended allowance of the National Research Council for protein, 
1 Gm. per kilogram of body weight per day, is easily obtainable on diets con- 
taining foods of animal origin. It is generally conceded that there is a safety 
factor of about 50 per cent in this aUowanee, presumably to aUow for differ- 
ences in nutritional value of various proteins. However, a considerable por- 
tion of the population (see preceding reviews) consumes less protein than the 
allowance mentioned, usually of the so-called poor quality proteins, but with- 
out ill effects as revealed by clinical examination, hlinimum levels of protein, 
related to the nutritional value of the diet, are needed if dietary surveys are 
to be used in assessing the relative adequacy of the proteins in ordinary diets. 

In view of the fact that there is a paucity of data upon the protein re- 
quirements of adults on mixed diets, we have studied nitrogen balance on 
twenty-six adults who ■were fed diets low in protein- and devoid of animal pro- 
tein and have investigated the effect of replacing part of the protein in the 
diet by meat, soy flour, -wheat germ, and white bread. 

REVTEW OF LITEKATURE 

Several reviews are available covering protein requirements for adults 
and the individual papers need not be re-viewed. It should be mentioned, ho-vv- 
ever, that in evaluating the nutritional value of the proteins in a diet by nitro- 
gen balance studies, the level of nitrogen fed should be sufficiently low to 
produce negative balance and should be fed sufficiently long to assure a reason- 
ably constant nitrogen output. Since there is a lag in the change of nitrogen 
excreti on with decreases in dietary nitrogen, short periods will show negative 

Rccelvcd lor puCUcation. Doc. 15, 1945. 
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balances wliicli are too large. Thus, if eillier of these conditions is not met, 
the determined requirement for nitrogen will be too high, 

Leiteh and Duckworth® c.stimatcd tlie average human requirement to be 
approximately 50 Gm. of protein per day. This estimate was reached by plot- 
ting selected nitrogen balance figures from the literature against protein in- 
take. A regi’es.sioii lino u-as drawn through the positive balances and another 
through the negative balance figures. The point at u’hieh these lines were 
equidistant from the line of balance was taken as the estimated requirement. 
The principal criterion of suitability of the data used u'as that the subjects 
received the same diet for at least three days preceding the eollectiou of urine 
and stools. The data were from many sources and no consideration was made 
of the size of the subjects or the quality of the protein fed. jifaii.v of the data 
show -negative balances at sncli bigb levels of nitrogen intake that they must 
be discarded on a logical basis as either inaccurate or unrepresentative of nor- 
mal adults or usual diets. Further, three day.s is often inadequate for obtain- 
ing a stabilized nitrogen output (see Selection of data). Finally, relafively fmr 
data are available at critical levels of intake and practically none at really low 
levels. Thus the spread of the data is .so limited at the levels of real interest as 
to limit seriously the use of the method cm}ilo,ved. Tlie estimate of 50 Gm. of 
protein per day is undoubtedly bigb. 

The data of Sherman and associates' and of Ilindhedc® are extensive and 
aioproaeh the cidtcria of an adequate study, nltliough many of the data were 
collected on tlie same subjects and the level of nitrogen intake was usually so 
adjusted as just to produce negative balance. Thus tlie spread of the data is 
limited. By rigorous selection of data, which appears justified, Sherman esti- 
mated the protein requirement to be about 40 Gin. per day form man weighm? 
70 kilograms. Many of the data, however, ivere collected on diets consisting 
almost wholly of a single food — potatoes or wheat or corn. Thus this estimate 
may be high due to the supplementary action of the proteins of mixed diets. 

"With regard to supplementary action, Sherman's data clearly show im- 
provement in the nutritive value of cereal diets by the addition of small 
amounts of milk. However, the differences were apparently not suffieientl.^' 
large to allow separate estimates of the requirement on the two regimens (cereal 
alone and cereal plus milk), and data on botli types of diets ivcre.nsed in anh’- 
ing at the estimated requirement of 40 Gm. Considering the levels of 
fed, little justification for recommending high quality proteins can be found 
in tliese papers. 

Estimates of protein requirements for adults have been arrived at from 
consideration of the endogenous nitrogen in the urine on protein-free diets. 
Brody® has made an extensive compilation of the data available and concludes, 
in agreement with Terroine and Sorg-Matter'®* » and Smuts, that there is a 
parallelism between basal energy metabolism and endogenous nitrogen ex- 
cretion. The minimum urinary nitrogen excretion for species ranging from 
mice to dairy cows appears to be approximately 2 mg. nitrogen (12.5 mg. con- 
ventional protein) per calorie of basal heat expended. As pointed out by 
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Smuts” and Terroine” tliis minimum protein requirement should be replace- 
able, gram for gram, by a. protein ivitb a biologic value of 100 uhich is com- 
pletely digestible. On this assumption, the average adult requirement for this 
high quality protein ivould be approximately 19 Gm. If one assumes a bio- 
logic value as low as 50, the requirement would be satisfied bj’’ approximate!} 
38 Gm. Incomplete digestion would similarly raise the requirement. How- 
ever, few proteins which have been studied have either biologic values or 
digestibilities as low as 50. On a theoretical basis, then, the requirement is 
probably between 20 and 40 Gm. In fact, Terroine” concludes that the con- 
sumption of a diet of natural foods, I'ice alone, for example, will adequately 
cover the protein needs when the caloric needs are satisfied. 

The endogenous nitrogen excretion of rats ivas also found proportional 
to basal caloric expenditure by Aslnvorth and Brody.^'' The average figure 
given by these authors is 1 mg. of nitrogen per 0.71 calories or approximately 
1.4 mg. of nitrogen per basal calorie. This figure may be more nearly correct 
than that of Smuts since it was arrived at using long depletion periods. Pro- 
tein requirements based on this estimate would thus be approximately 30 per 
cent less than those gu'en. In this paper, however, we have used Smuts’s esti- 
mate principally for conservative reasons and because it is based on several 
species. 

IN'V'ESTIGimONS 

Subjects . — The subjects used in these studies were twenty-six apparently 
healthy adults ranging in age from 19 to 50 years. They included five medical 
students, five home economic students, three graduate nurses, nine students from 
the Harvard School of Public Health, and four research assistants. Three partici- 
pated in trvo different studies. They w'ere all volunteers but were paid while 
on the study. All of the subjects rvere selected by personal intermew with 
special consideration for trustworthiness since they continued their regular 
aetimties and could not be supervised other than at mealtimes. Each subject 
collected all urine and stools during the investigation and these were delivered 
at mealtimes to the investigators in charge. Aliquots of the urine were taken 
each day and combined. Kjeldahl analyses were made every two, three, or 
four days, depending upon the investigation. All stools were homogenized 
with water in a liVaring Blender and aliquots handled in the same manner 
as the urine. 

All of the diets used in these studies, with the exception of Diet H, 
were based upon the basic diet, Diet IB, shown in Table L This diet is devoid 
of animal protein and is referred to as the all-vegetable diet. The constituents 
of this diet were selected to approximate in some respects certain low-cost 
diets. Thus 50 per cent of the nitrogen was supplied by white bread (con- 
taining no skim milk solids) and a total of 62 per cent was supplied by cereal 
products. Potatoes supplied about 13 per cent of the nitrogen, and the total 
from vegetable products rvas approximately 30 per cent. The remaining 8 
per cent came from fruits. Individual servings of each food were weighed 
daily and remained constant on each diet. However, considerable ingenuity 
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Table 1. Pbotein Content of Diets 



1 BASIC At.VA'EOF.TABLE DIET IB | 

1 DIET IIB 

1 DIET H 

FOOD 

AMOUNT 

PROTEIN 

AMOUNT 

PROTEIN 

1 A310UNT 

PROmN 


(G.M.) 

(OM.) 1 BERCENT 

(OM.) 

OM. 1 PERCENT 

(OM.) 

OM. 1 PEECE.VI 


Bread (no milk 

144 

12.000 

50.0 

50.0 

9C 

8.000 

33.3 

33.3 

_ 




solids) 

Rice 

24 

1.824 

7,c ; 

1 12.0 

16 

1.21G 

5.1 1 

[ 8.0 





Yellow com meal 

12 

1.05G 

4.4 : 

8 

0.704 

2.9 j 

15 

1.320 

17.1 

li.I 

Potatoes 

ICO 

3.200 

13.3 

13.3 

107 

2.140 

8.9 

8.9 





Onions 

40 

0.5G0 

2.3 ■) 


27 

0.378 

l.C 1 


50 

0.700 

9.1A 

1 

Carrots (canned) 

ICO 

l.COO 

C.7 

I 

107 

1.070 

4.5 


200 

2.000 

25.9 


Tomatoes 

SO 

0.800 

3.3 

^ 1G.3 

53 

0.530 

2.2 

lll.O 

80 

0.800 

10 . 3 ; 

U0.5 

(canned) 







1 


Lettuce 

SO 

o.nco 

4.0 


53 

.0.C3G 

2.7 


100 

1.200 

' 15.5 > 


Applesauce 

SO 

O.IGO 

0.7 1 

1 

53 

O.IOG 

0.4 . 


300 

0.600 

7.61 


(canned) 



1 

^ 8.4 


1 






Orange juice 

ICO 

1.440 

6.0 1 

107 

0.9C3 

4.0 1 

r O.u 





Peaches 

SO 

0.400 

1.7 J 

1 

53 

0.2G5 

1.1 ^ 


100 

0.500 

6.5 

22.1 

(canned) 











Pears (canned) 









200 

0.400 

5.2 


Olives 

_ 








20 

0.200 

2.6- 


Meat 

- 




34 

7.D90 

3.3.3 

33.3 






Total 24.000 100.0 100.0 23.908 100.0 100.0 7.720 100.0 100.0 

(Calculated) 


was used in preparing these same foods into dislics .which were tasty, interest- 
ing, and varied. For example, the corn meal was sometimes served as cereal, 
sometimes as topping for a vegetable casserole, and sometimes as baked mush 
with tomato sauce. Individual casseroles were used throughout in preparing 
dishes which could not be accurately measured after cooking. 

The total caloric content of Diet IB was calculated to be 950 calories pBr 
day. Additional calories to maintain weight were supplied in the form of ren- 
dered butter, cooking oils, cornstarch biscuits, Coca-Cola, ginger ale, jelly) 
Karo syrup, sugar, and prepared candies. The subjects were allowed these 
foods freely, but everything eaten was recorded daily. This permitted esti- 
mates of the total caloric intakes. The figures for nitrogen intake were also 
adjusted to include the small amount of nitrogen in these caloric supplements 
as determined by analysis. 

Each day two extra meals were prepared. These meals Avere placed in 
Avaxed cardboard containers in the refrigerator and Avere homogenized AAoth 
Avater the next day in the Waring Blender. Aliquots were saved for Kjeldahl 
analysis. Figures on nitrogen intake Avere arrived at from the nitrogen con- 
tent of the meals to Avhich Avas added the nitrogen in the caloric supplements. 
The^ amount of nitrogen in these supplements Avas small and therefore each 
subject, regardless of weight, had essentially the same nitrogen intake. Some 
coffee, prepared from concentrates to avoid daily analyses, Avas alloAved. This 
nitrogen Avas considered to have no nutritive value. It Avas not included in 
the calculations of dietary nitrogen and an equivalent amount was subtracted 
from the urinary nitrogen figures. 

Diet IIB (Table I) represents Diet IB supplemented Avith meat. The amount 
of eceJi, food m Diet IB Avas decreased by one-third and sufficient meat Avas 
added to supply approximately the nitrogen thus removed. Thus, the nitrogen 
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intake was approximately tke same on Diets HB and IB but about one-tbird 
was supplied by meat in Diet ILB. Daily dietary analyses w ere made as be- 
fore. Tbe substitution of meat for one-tbird of tbe basic diet resulted in a 
considerable decrease in tbe caloric content of tbe diet. Tbis loss was covered 
by additional amoimts of tbe caloric supplements. 


Table II. Sodkce A^^) Amount of Pkoteln Suppued in Vap.ious Diets Compapjh) 
"With Basic All-Vegetable Diet IB 



bpxad 
(pep, cent) 


33.3 


TOTAL 
AMOUNT 
AS PEP. CENT 
OP IB 
100 “ 

125 
150 
100 
100 
100 
100 
85 
320 


•Ground top of the round prepared In various ways. Thanlis are doe to Mr. J. H- Mc- 
Manus. Regional Chairman ot the American Meat Institute for making arrangements lor 
the purchase of meat 

tStoy, used in biscuits, provided by the A. E. Staley Manufacturing Company, Decatur 
tUsed In biscuits, provided by the Battle Creek Foods, Battle Creek, Mich. 



Other diets used are shown in Table II. As can be seen, Diets lA and IC 
were of tbe same percentage composition as Diet IB, but each constituent 
(Table I) w’as increased 25 per cent and 50 per cent, respectively. Diets HO, 
HD, and HE were the same as Diet HB (Table I) with bread, soy flour, and 
wheat germ, respectively, replacing the meat as a source of supplementary 
protein. Diet G was similar to Diet IIB containing meat, but each constituent 
including tbe meat was decreased approximately 15 per cent. Diet F was a 
high protein diet, IB plus 300 Gm. of meat. Diet H, shown in Table I, was 
fed at tbe beginning of Experiment 5 as a preliminary depletion diet. It sup- 
pbes approximately 8 Gm. of protein per day. Diets J and K consisted of 
Diet IB plus varying amounts of glycine and cystine. These diets were used 
m part of Experiment 5 but will not be discussed here as they were concerned 
. nith another aspect of this study which will be reported later. Care was taken 
m weighing tbe foods, and the nitrogen content seldom varied as much as 
0.2 Gm. from the mean value for the experiment. 

The vitamin and mineral content of the diets was maintained by supple- 
ments* and, with tbe exception of riboflavin and calcium, was above the Na- 
tional Research Council’s recommended daily allowances. Studies on ribo- 
flavin and calcium metabolism were made on these diets and wfll be reported 
later. The calcium intake varied from 400 to 1,000 mg. per day; tbe riboflavin 
intake, from 1.5 to 3.3 mg. per day. 


“ha copper rlboflavln, nlMtinlc acid, calcium, phosphorus. Iron, 

rany“T R?hw?v Chicago, m.. to Merck & Comt 

n>csc materials Tlnlted Chemical and Organic Products. Chicago, lU., for 
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Plan of Investigations . — The general plan of the investigations is shown 
in diagrammatic form in Pig. 1. In most of the studies, the collection of 
stools and urine was preceded by a threc-da}’- adjustment period on the diet 
and a one-day period between tlie different diets. In all studies e.xcept Ex- 
periment 4, three collections of two day.s or more were obtained on each diet. 
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Selection of Data . — ^It was apparent from tlie data, especially in Experi- 
ment 3, tliat there was a great ditferenee in subjects in the time required for 
stabilization on the diet. Of the seven subjects in Experiment 3, four shoived 
a more or less regular fall in urinary nitrogen per day in the four four-day 
collection periods amounting to a difference of more than 1 Gm. per day at 
the start and at the end. The output of one subject was essentially constant 
and differed only 0.2 Gm. per day at the start and the end. The remaining 
two fell slightly, showing less than 0.5 Gm. per day difference in the first four 
days compared with the last four. The average urinary nitrogen excretion of 
the seven subjects is shovTi in Eig. 2. Also sho^vn in this figure are the results 
of urinary excretion in Experiment 5 in which the subjects w'ere fed the low 
nitrogen diet, Diet H, for four days before recemng the basic diet, Diet IB. 
Although the results are less consistent than in Experiment 3, it is apparent 
that there is no tendency for the urinary nitrogen to fall after this depletion 
period. 

In the light of these results, it is certain that three days is far from .suffi- 
cient for many subjects to reach a stabilized nitrogen output unless a pre- 
liminary vei-y low nitrogen period is used. Thus it is recognized that much 
of the data in the literature probably show urinary nitrogen figures too high 
for the nitrogen fed and, similarly, that some of our subjects were undoubtedly 
not stabilized sufficiently. We have attempted to coireet this somewhat by 
using the urinary niti’ogen figures during the last four days of those .subjects 
on Diet IB. if these periods were considerably lower than the preceding ones. 
However, the average fecal nitrogen of the total collection period was always 
used. Since the supplemented diets always followed the basal diet, we have 
not selected the data in these periods. It is recognized, therefore, that our 
e.stimate of protein requirement may be somewhat high and that the order of 
the experiments places the basic all-vegetable diet. Diet IB. in a Ic-ss favorable 
position compared mth the supplemented diets. 


RESULTS 


The results of all of the nitrogen balance studies on the all-vegetable Diet 
IB are plotted against body weight, surface area, nitrogen intake per kilogram 
of body weight, and nitrogen intake per square meter of body surface* in 
Pigs. 3 to 6. Both regression lines, one for the best estimate of X (values on 
the abscissa) and the other for the best estimate of Y (values on the ordinate.s). 
are shown. Both regression lines in Fig. 6 are used later in the paper, although 
in most instances Equation 1 (Fig. 6) is used since we are interested in esti- 
mating the value on the abscissa (body size or nitrogen intake) at zero balance.! 

It will be recalled that the all-vegetable diet supplied approximatelv 4.5 
nitrogen per day (28 Gm. of protein) regardless of body size. This 


and weight as tnodifled by Boothby 
Co.), (Duncan. G. G. . Diseases of Metabolism, Philadelphia. 1942. W. B. Saunder.” 


small 


IThe 

bars 


standard error of the estimate of x (o s x) is 
on the line of zero balance about regression line 


given in Pips. 3 to 9. The two 
1 show the relative magnitude. 
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value varied slightly with individuals and in different experiments. Thus, one 
expects a better correlation if intake is calculated per unit of body size. 
Actually, the correlation is not much improved if calculated per unit of body 
weight but is considerably better if intake per unit of body surface is used. 



Fig. 5. — Nitrogen balance versus nitrogen Intake per kUogram of body weight — Diet IB. 



N INTAKE GMSy DAY/SO. M. 

6— Nitrogen balance wersus nitrogen Intake per square meter of body surface— Diet IB. 
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The correlation coefficient iji the latter inslance (Fig. 6) is 0.71 compared ivitii 
0.61 on a body weight ba.si.s (Fig. 5). Intake per .square meter of body surface 
is thus considered the most appropriate unit in considering protein require- 
ments and is used throughout this paper. This is in agreement with the pre- 
vious findings of Terroine and Sorg-]\Iattcr,^® A.sliworth and Brody,” and 
Smuts.'^ It is realized that the curves cannot be extended unduly. Increases 
in positive balance will not, for example, continue indefinitely. 

According to Equation 1 in Fig. 6, the estimated intake at zero balance is 
2.88 ± 0.17 Gm. of nitrogen per square meter of body surface. A man whose 
weight is 70 kilograms and height, 160 centimeters (surface area 1.73 square 
meters) would thus requii'c between 4.68 and 5.27 Gm. of nitrogen per day 
from the all-vegetable diet. Diet IB, wliieh corresponds to from 29.3 to 32.9 Gm. 
of conventional protein per daj'. A man of similar weight but 183 centimeters 


to 

2 

0 

1 

Ui 

o 

z 

< 

•J 

< 

CQ 



20 25 3.0 35 

N INTAKE GMSyDAY/SO.M. 


Fig-. 7 . — Nitrogen balance versus nitrogen intake per square meter of body 

Jects in Experiment 5 — Diet IB. 


surface of sub- 


in height (1.91 square meters) would require from 34.5 to 38.6 Gm. of proteu' 
per day. It is of interest to compare the figures obtained on all the subjects 
with those in Experiment 5 where the subjects were apparently depleted hj 
the period on Diet H. These results are plotted in Pig. 7. The coi'relation is 
good although the number of subjects is small. The requirement here is fou”" 
to be 2.91 ± 0.11 Gm. per square meter of body surface per day which is essen- 
tially the same figure found. It appears, therefore, that the requiremeiil 
arrived at in the previous data is not greatly overestimated, although idenHj 
the studies should have been of longer duration. 

The data obtained in Diet IIB, in Avhieh one-third of the protein Avas sup- 
plied by meat, are plotted against nitrogen intake per square meter of siu'fac*! 
area in Pig. 8. This line crosses the line of balance at 2.73 Gm. nitrogen per square 
meter, which would indicate a protein requirement of 29.5 Gm. for a ms" 
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with a body surface of 1.73 square meters. However, the correlation is poor 
and many of the subjects were in positive balance, some without appreciable 
depletion during the preceding period on Diet IB. We may thus expect this 
estimate to be high and better results would have been obtained at a lower 
nitrogen intake. This was done in Experiment 4 using Diet G. The data on 
these subjects, who had been on the experimental diet for sixteen days pre- 
viously, are plotted in Pig. 9. Onlj' one regression line is sho-wn since the two 



ZD ’ Z5 ^D 2.5 

N INTAKE GMSy DAY/ SQ.M. 

Fig. 8.— Nitrogen balance versus nitrogen intake per square meter of body surface Diet IIB. 



^-5 2.0 35 

N INTAKE GMS/ DAY/ SQ.M. 


— Nitrogen balance 


versus nitrogen Intake per square meter — Diet G. 
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are practically identical. The estimated requirement is 2.41 ± 0.04 Gm. nitroge 
per square meter. Although based on only four subjects, this estimate would giv 
a protein requirement of from 25.7 to 26.5 Gm. per day for a man with a bod 
surface of 1.73 square meters. We believe this estimate to be more near! 
correct for the diet containing meat. 

Insufficient data are available to calculate the comparable requiremeni 
on Diets IIC, IID, and HE. We show rather a summary of the data in Tabl 
TTT where the balances obtained are compared wdth the balance -which woul 
result from the same intakes on Diet IB as calculated by equation 2 derive 
from the data in Pig. 6 : 

Balance = 1.751 Intake per square meter - 5.362 

The variations in balance found in the different diets and those obtained e 
Diet IB were compared bj’- Pi.sher’s “t” test. It is seen that the improvemei 
on Diet IIB is highly significant. There can thus be no doubt that the dii 
with meat is an improvement over the all-vegetable diet. It appears like 


Table HI. Nitoogen Balakce on SuprLE.\tENTED Biet.s Cojipabed Wrni 
- Basic All-Vegetable Biet 


DIET 

SUPPLE- 

MENT 

■n’EionT 

(KG.) 

AREA 

(SQUARE 

METER) 

URINARY 

NITRO- 

GEN 

(GM.) 

FECAL 

NITRO- 

GEN 

(C.M.) 

AVERAGE 

NITROGEN 

INTAKE 

OM. PER 
SQUARE 
GM. METER 

N BAL- 
ANCE 
(EXPERI- 
MEN- 
TALLY 
BETER- 
jnNEP) 
(OM.) 

CALCD- 

lATED 

N BAL- 
ANCE ON 
DIET IB 
AT SAilE 
INTAKEt 
(GM.) 

pirFEK- 

Excr. 

(GM.) 

IB 

None 

05.5 

1.73 

4.20 


4.70 

2.72 


-.00 

-.03 

IIB 

Meat 

63.5 

1.09 

3.87 


4.53 

■2.0S 

-.24 

-.67 

+.43 

IIC 

Bread 

60.2 

1.64 

4.33 


4.65 

• 2.83 

-.51 

-.41 

mm 

HD 

Soy flour 

00.7 

1.07 



4.27 

2.56 

-.80 

-.88 

-.Ul 

HE 

"Wheat germ 

60.7 

1.07 

3.43 


4.34 


-.11 

-.81 

mm 


‘Probability of difference from Diet IB being due to chance. 
tFrom Equation 2 In Fig- 6. 


that Diet IIB (wheat germ) would also show significant improvement if 
data were available, although in the data at hand the differences are on t 
borderline of significance. Soy flour and bread apparentlj' do not improve n 
depress nitrogen balance in these experiments. 

Digestibility . — ^As shown in Pig. 1, three diets, lA, IB, and IC, which we 
of identical percentage composition but which varied in amount, were fed 
six of the subjects in Experiment 1. Diet lA contained 25 per cent more 
each constituent than IB, and 10, 50 per cent more. The differences in fc^ 
nitrogen on these three diets allow an estimate of the digestibility of the niti 
gen in the diet. In Pig. 10 is shown the average fecal nitrogen on these thr 
diets. It is fortuitous that the three points fall exactly on a straight 1“ 
An extension of the line to zero nitrogen intake may be taken as an estima 
of the metabolic nitrogen (fecal nitrogen on a nitrogen-free diet) of these sii 
jects whose average weight was 61 kilograms. 

If 0.395 Gm. be taken as the metabolic nitrogen, then the excess nitrog 
excreted was 0.950 - 0.395 = 0.555 Gm. on Diet IB, 0.710 on Diet lA, 
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diet 



1 IIB 

1 nc 1 

i HD 

1 HE 

1 F 

Supplement 

Meat 

Bread 

Soy 

flour 

^Vheat 

germ 

Meat 

Total N intake (Gm.) 

4.53 

4.65 

4.27 

4.34 

14.7 

Estimated N from Diet IB 

3.00 

3.00 

3.00 

3.00 

' 3.00 

Estimated N from supplement 

1.53 

1.65 

1.27 

1.34 

11.7 

Average fecal N (Gm.) 

0.90 

0.83 

1.09 

1.02 

1.55 

Fecal N from Diet IB (Fig. 10) 

0.77 

0.77 

0.77 

0.77 

0.77 

Fecal N from supplement 

0.13 

0.06 

0.32 

0.25 

0.78 

Digestibility of supplement (per cent 

91.5 

96.4 

74.8 

81.3 

93.3 

supplement absorbed) 

Fecal N less metabolic N (6m.) 

0.5 

0.43 

0.69 

0.62 

1.15 

Absorbed nitrogen (total diet) 

4.03 

4.22 

3.58 

3.72 

13.55 

Digestibility of total diet protein (per 

89.0 

90.8 

83.8 

85.8 

92.2 


cent total N absorbed) 


0.855 on Diet IC. These represent 12.4, 12.5, and 12.3 per cent, respectively, 
of the nitrogen ingested. Subtracting this excess excretion from 100 gives a 
digestibility of approximately 87.5 per cent. 

If it be assumed that the metabolic nitrogen of all the subjects is approxi- 
mately the same as for the subjects who supplied the data in Pig. 10, it is 
possible to estimate the digestibility of the various diets and supplements. 
These calculations are shovui in Table IV. It is estimated that 3.00 6m. of 
the total nitrogen in the diet were supplied by Diet IB. This, according -to 
Pig. 10, would produce 0.77 6m. of fecal nitrogen.* The difference between 
this figure and the total fecal nitrogen represents the fecal nitrogen or un- 



a 3 4 5 6 

DAILY NITROGEN INTAKE , GRAMS 


'Fecal nitrogen versus nitrogen intake on all-vegetable diets— Diets lA, IB, and la 
l'lemenS''^e^rrinc“Med® IIB, IID, and UE the caloric Eup- 
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digested nitrogen from the supplement, and thus the per cent of the supple- 
ment digested ean be calculated. 

Similarly, if the metabolic nitrogcJi be subtracted from the total fecal 
nitrogen, the fecal nitrogen from the diet is o])iained. Subtracting this from 
the ingested nitrogen gives the dietary nitrogen absorbed. The figures ob- 
tained' (Table lY) .show no gi'cat differences in the digestibility of the various 
diets. As might be expected, the diets with meat and bread are slightly more 
digestible than the basic diet, Avhile those containing soy flour and wheat germ 
are somewhat less. On the other hanel, fliere appear to be marked differences 
in the digestibility of the supidemcnts, kfeat and bread appear highly diges- 
tible, while soy flour and wheal germ arc considerably le.ss so. Digestibility 
figures as determined with rats are: beef round, 90; bread, 100 (calculated 
from/lata of jntchell and Carman'®) ; and .so.y flour, 85.'' 

Tabi.k V. Efitct or Pkotki.v Surrt.K.MK.vT.s ox liioi.ooio Vai.ue or ax Ai.e-VeoetableDiet 


DIET 



1 IB 

1 im 

I lie 

1 IID 

1 IIE 





Soy 


Supplement 

None 

Meat 

Bread 

Hour 

germ 

Absorbed N (Gm.) 

4.11 

4.03 

A 

3.5S 

3.72 

Urinary N (Gm.) 

4.29 

3.S7 

4.35 

4.00 

3.43 

Basal calorics 

1580 

1541 

1475 

1504 

1504 

Calculated endogenous N (Gm.) 

3.10 

3.08 

2.95 

3.01 

3.01 

Absorbed N excreted (Gra.) 

1.13 

0.79 

1.27 

1.05 

0.42 

Absorbed N retained (Gm.) 

2.9S 

3.24 

2.95 

2.53 

3.30 

. , (Retained N) 

Biologic value 

72.5 

80.4 

70.0 

70.0 

S8.S 


Estimated Biologic Value. — Using the above determined figures for ab- 
sorbed nitrogen, an estimated biologic value was calculated. For the calcu- 
lation of biologic value, a figure for endogenous nitrogen (the urinary nitrogen 
on a nitrogen-free diet) is needed. We haAm used a figure of 2 mg, of nitrogen 
per basal calorie per day based on the data of Srauts.“ The basal caloric 
requirement used is a Aveighted aA'crage for the subjects, assuming 37 calories 
per square meter per hour for Avomen and 39.5 calories per square rueter per 
hour for men. The calculations are shoAAUi iir Table Y. These figures are pre- 
sented primarily for comparison since they are based on an assumed figure, 
and the subjects Avere not completely depleted. HoAvcver, the figures are prob- 
ably minimum biologic values and again indicate no change in the nutritional 
value of the diet through the addition of soybeans or more bread, Avhile meat 
and Avheat germ cause an improvement in biologic value. As mentioned pre- 
viously, the data with Avheat germ are too fcAv to indicate the significance of 
the results -with this supplement. The improvement in biologic value of Ibe 
loAV protein all-vegetable diet by replacing one-third of the protein Avith meat 
is highly significant. Since biologic Amlues are not additive, figures from_ the 
literature for separate proteins cannot be used to calculate values for mixeo 
diets, nor can estimates of the biologic value of the individual supplements be 
made from data on mixed diets. 
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Relation of Fecal Nitrogen to Body Weight, Caloric Infahe, and Expidsion 
fime. — ^The data available from these studies provide some information as to 
the causes of differences in fecal nitrogen on different diets and among indi- 
rdduals. Mitchell"®- showed ndth rats that the fecal nitrogen was dependent 
upon the amount of food consumed. It is apparent from Fig. 10 that this is 
also true in these studies, and this must of course be true if digestibility for 
any given diet is constant at different levels of intake. On the other hand, 
Reifenstein and associates"® conclude that fecal nitrogen is essentially constant 
over a wide range of protein intakes. These authors point out that the custom 
in some laboratories to assume that fecal nitrogen represents about 10 per cent 
of the intake gives figures much too high on high protein diets. These authors 
believe that the fecal nitrogen is more or less constant, at about 1.28 Gm. per day. 

A comparison of the digestibility figures for meat (Table IF) in Diets HE 
and P which contained meat in ■widely different amounts shows reasonably 
good agreement, 91.5 per cent and 93.3 per cent, respectively. The slightly 
better digestibility on the higher level of meat may be due to a lower intake 
of bulk, as the cornstarch biscuits which contained 0.6 per cent algin* were 
consumed in smaller amounts on this diet. It is not to be expected that fecal 
nitrogen would parallel nitrogen intake, since metabolic nitrogen constitutes 
a large and supposedly constant fraction if the digestibility of the diet is high. 
However, unless digestibility is dependent on nitrogen intake, an increase in 
fecal nitrogen must occur udth increasing intakes. IMitchell®" has pointed out 
that different samples of the same foodstuff may give rise to different values 
for fecal nitrogen, varying with the amount of indigestible carbohydrate, not 
only because of the bulk thus pruvided, but also because such constituents may 
protect in varying degree against enzyme action in the gut. Similarly, the 
method of preparation and degree of mastication are probably important. "We 
feel, for example, that high fecal nitrogen figures obtained in at least one of our 
subjects may be partially related to poor mastication due to malocclusion. 

The total fecal nitrogen has been plotted against body weight and against 
caloric • intake (figures not sho-um), but the correlation in both was poor 
(r = -f 0.28 for body weight; r = + 0.28 for caloric intake). On the other 
hand, we have calculated the correlation of fecal nitrogen to body weight for 
the data presented by Cahill and associates®- and Murlin and co-workers.®" 
Correlation coefficients of + 0.73 and + 0.77 were obtained, whereas practically 
no correlation with caloric intake was found. 

One important cause for variations in fecal nitrogen was sho^vn by cor- 
relating the time, required for carbon markers to pass through the body (ex- 
pulsion time) with the average amount of fecal nitrogen. In general, the 
shorter the expulsion time, the higher were the values obtained for fecal 
nitrogen. One subject had an expulsion time of only seven hours and a high 
eeal nitrogen of 1.7 Gm. per day, while another on the same diet had a fecM 
mj^en of only 0.4 Gm. per day and an expulsion time of sixty-two hours. 

ICO BusWy Ice Cream DUnsIo^, General 
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These subjects demonstrate extremes encountered and should provide a feeling 
of caution in the application of average figures for fecal nitrogen. Variations 
in bowel habits, and the effect of diet on bowel habits, are obviously impor- 
tant factors and probably account for greater variation in our data than in 
the figures presented by Cahill and associates-^ and Murlin and co-workers.” 

Condition of the Subjects . — ^All of the subjects were well aware of the 
purpose of the studies. Some of them were interested in, and well informed 
on, the subject of protein deficiency. After a fesv meals, they formed a group 
highly subjective to suggestion. They were undoubtedly influenced by fre- 
quent questioning to determine changes in physical and mental condition. 
Many of them reported unusual fatigue and hunger in the late morning and 
afternoon, and many reported thej’- needed more sleep than usual. These 
symptoms of postprandial hypoglycemia are suggestive of the finding of Thorn 
and associates-^ that meals high in carbohydrate and low in protein and fat 
are likely to be followed in two or three hours by hunger and fatigue. How- 
ever, there is no doubt that those affected most adversely w'cre those who most 
expected these results. The more stolid individuals and three subjects who 
participated in two different studies and were well accustomed to the routine 
were not at all sure that the low protein diet was detrimental in any way. 
Although a questioning of the subjects thus indicated some physical deteriora- 
tion, the significance of this is doubtful. 

Physical examinations, usually at weeldy intervals, failed to reveal any 
ill effects of the diets, and body weight was maintained. Blood samples w'ere 
taken at these times (except in Experiments 1 and 5) and analyses for hemo- 
globin, hematocrit, total plasma protein, albumin, and globulin were made, 
the latter three determinations by the Kjeldahl method. The results of these 
analyses in Experiments 2, 3, and 4 are presented in Fig. 11. 

The significance of Amriations in different periods have been compared us- 
ing the “t” test. In Experiment 2, the significant changes are a fall in serum 
albumin and total protein during the second period and a consistent rise in 
serum globulin during the protein supplemented periods. Similarly in Experi- 
ment 4, there was no significant change during the first nine days on the basic 
diet but a marked fall in albumin and rise in globulin during the next seven 
days when the subjects were on the low protein diet, in which one-third of 
the protein Avas furnished by meat. During the last ten days of the experi- 
ment on the high protein, high meat diet, there Avas an increase in plasma 
albumin and total plasma protein and a decrease in globulin. In Experim®”^ 
3, in Avhich the loAv protein all-vegetable diet Avas continued for nineteen days, 
both the albumin and globulin decreased. The results of the blood analyses 
in these three experiments are quite consistent. In general, they show a de- 
crease in albumin during the second Aveek of the Ioav protein period regardless 
of Avhether the protein source is all vegetable or one-third of it comes from 
meat. It is of interest to note the rise in globulin on the Ioav protein diet con- 
taining meat (Diet IIB) compared with the fall on the basic diet in Experiment 
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3. Is it possible that the quality of the protein in the diet as well as the 
quantity has a directing influence upon the type of blood proteins synthesized 
and that on a diet in which the protein is reduced to near the absolute require- 
ment, the diet containing meat favors globulin synthesis? At a still lower 
level of nitrogen intake (Diet G, Experiment 4), the globulins did fall while 
the subjects were on the meat supplemented diet. During the folloiving period 
on the high meat diet, the globulin continued to fall toward a normal level 
as the albumin increased. The fall in albumin during the second period in 
Experiments 2 and 4, when one-third of the protein in the low protein all- 
vegetable diet was replaced by meat (Diet HB), is not interpreted as an effect 
of meat supplementation, but more likely the nine days preceding, on Diet IB, 
were insufficient to produce the fall. This is strongly suggested by the fall 
in albumin over a nineteen-day period on Diet IB as shown in Experiment 3. 
Additional samples during this experiment might have verified this interpre- 
tation. 



In all experiments there was a tendency for the hematocrit to faU, which, 
in general, was reflected by the changes in hemoglobin concentration. Statis- 
tically, however, only the decrease during Experiment 3 was significant. All 
the blood constituents rapidly revert toward normal on the high protein diet. 

Premous work on experimental protein deficiency in the rat=^ has shown 
that there is considerable decrease in plasma volume before there is any sig- 
nificant lowering of plasma protein concentration. Hence, plasma volume 
studies, using the Evans blue dye, were done on four of the subjects in Ex- 
periment 2 and on five of the subjects in Experiment 3. Measurements were 
made at the end of the low protein period and again at the end of the high 
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protein period. The plasma volvimc did not vai’y signifieantly over these pe- 
riods, and the average of the nine subjects at the end of llie all-vegetable low 
protein diet vas 3,165 ml. as compared ndth 2,933 ml. at the end of the high 
protein period. 

Basal metabolism and R-.Q. measurements were made on alt subjects in 
Experiment 4 at the end of the last lou' protein period (tB’cntj'-three days) 
and four days after being on the high protein high meat diet. The changes 
were slight and in line with what might be expected. Average figures of 34 
calories per sfluare meter body surface per hour at the end of the low protein 
period and 37 calories after four days on the high protein diet were obtained 
in the inetabolisra tests. The R.Q. decreased from 0.85 to 0.80 by changing to 
the high protein intake. 


DISCUSSION 

It has been pointed out previously’’ in this paper that estimates of protein 
requirements are most likely’ to err on the side which gives high values, prin- 
cipally because stabilized nitrogen outputs may’ not be obtained except in very 
long experiments. Lack of stabilization leads to negative balance figures 
which are too large and, in calculations on biologic value, to figures for reten- 
tion ■which are too small. From the standpoint of practical nutrition, tins is 
a fortunate occurrence, and estimates of protein requirements such as we have 
determined may be applied with little danger that they are loiv. 

It is of interest to compare the protein requirement as experimentally 
determined in these studies with those calculated from biologic values and 
digestibilities. The requirement, using 2 mg. of nitrogen (0.0125 Gm. conven- 
tional protein) per basal caloric as the endogenous metabolism, may be VTitten; 


Protein requirement in Gm. 


0.0125 X basal calories x 10,000 
Biologic vnluo x digestibility 


■f Aletabolic N x 6.25 


The metabolic nitrogen appears to be small, probably in the range of 0.4 Gnt., 
and equivalent to approximately 2.5 Gm. of protein. Using the figures for 
basal calories, digestibility, and biologic value from Tables IV and V, the cal- 
culated requirements for our subjects compared tvith those actually deter- 
mined are given in Table VI. Reasonable agreement is obtained. The fact that 
the calculated requirements arc in most instances soraeivhat high may 
cate, as suggested previously, that our estimates of biologic value or digesti- 
bility are low. 


It seems appropriate to interject here a brief discussion of biologic values- 
The significance of biologic values has received extensive and impressii’e sup- 
port from the work of Mitchell and his collaborators.^'’- However, the basic 
supposition of a constant endogenous nitrogen metabolism appears to have 
been neither proved nor disproved. The findings of Sclioenheimer”® neces- 
sitate a new interpretation of Polin's original concept but do not appear to 
negate the possibility of a constant endogenous nitrogen excretion.*’ Recently, 
hoAvever, Milleri” has shoivn, under conditions approximating those used for 
the determination of endogenous nitrogen excretion, that methionine or cy-stine 



PROTEIN REQUIREJIEKTS OF ADULTS' 


279 


Table AI. Protein Kequiresient in Grams: Comparison of Values Calculated From 
Biologic A''alue and Digestibilitv With Values Determined Experimentally 


DIET 

1 

SUPPLEilEXT ' 

1 

BtOLOGre 

VAEUE 

digeSti 

1 

per 

cent I 

ibilitt 

NET 

PROTEIN 

VALUE 

C.U.CU- 
LATKD 
P.EQUIRE- . 
SfEXT 
(GM.) 

EXPEFJMENTM.LY 

DETERMINED 

F.EQUIP.EMENT 

(CM.) 

IB 

Hone 

72.5 

87.0 

63.5 

33.6 

31.2 (Based on. Fig. 6) 

IIB 

Meat 

S0.4 

89.0 

71.5 

29.-1 

23.4 (Based on Fig. 9) 

lie 

Bread 

70.0 

90.S 

esio 

31.6 

31.2 (Based on Fig, 6) 

IID 

Soy flour 

70.6 

S3.S 

59.2 

34.3 

31.2 (Based on Fig. 6) 

HE 

Wheat germ 

S8.8 

85.8 

76,2 

27.2 

25.4 (Based on Fig. 9) 


supplements cause a striking fall in the urinary nitrogen output. One may 
calculate from his figures a biologic value of methionine alone well over 100. 
The dogs used in the experiment, hoAvever, Tvere not at an endogenous level 
of nitrogen excretion when the methionine was fed. Confinnation of these 
results using certain proteins has been obtained by Swanson and co-workers^° 
ndth rats as the experimental animal. This group of workers has used de- 
pletion periods which were more prolonged than those usually used in the 
determination of biologic values, and their animals are thought to be approxi- 
mately at an endogenous level of metabolism. Complete evaluation of these 
results does uot appear possible at this time. They do, however, throw doubt 
on many of the figures for biologic value recorded in the literature ; they may 
indicate that the basic assumption of a constant endogenous nitrogen excretion 
is untrue. For the present, we prefer to retain biologic value as an exceed- 
ingly useful concept in protein studies. 


It should be realized that the difference in nutritional value of the high 
quality and low quality proteins is simply a function of the digestibility and 
biologic value. It appears to us that modern nutrition instruction places a 
great deal of emphasis on biologic value but little on digestibility. Most text- 
books of nutrition present extensive tables of biologic values without present- 
ing the corresponding digestibility. Both values are eqnaUy important in 
deteminmg the nutritional value of the protein to the individual. Perhaps 
the best method of comparing the relative nutritional values is to compute the 
product of the digestibUity and biologic value. This figure, called the “net 
protein value,” should represent the per cent of the particular protein actuallv 

purposes other than .energy. Net protein values 
I the different diets used in this study are sho’wn iu Table YI. 

Provided sufficient protein is fed to cover the total body requirement 

IiStrr? value, any protein source should be 

adult mi?-f’- considerations should be valid not only for maintenance in 

in tho T h L® ° P^'^Snancy, and wound healing. However 

tciiiB nc i ^ fbe relative differences in the nutritional value of various pro- 
be the sam??r biologic values and digestibilities may not 

tor o. 1 demands for protein. IffitehelP^- finds 

o.Aample. lower biologic values as the level of protein in the diet is 
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creased, even though the higher levels were much below optimum for the grow- 
ing rats used. This indicates a relative inciTicient use of proteins for growth. 
Similar results are obtained in calculating the amount of protein consumed 
per unit gain of body weight; that is, as the am’ount of protein is increased, 
the efficiency decreases.®^ Studies on amino acid requirdments®* also empha- 
size the inefficiency of amino acid utilization in growth, "VVliether a similar 
situation holds for human beings, and in pregnancy and lactation, remains to be 
studied. Furthermore, it is well Iniown with the rat that it is often impossible 
to supply sufficient protein for growth from all-vegetable diets. Wliereas from 
3 to 4 per cent of protein suffices for maintenance, from 15 to 20 per cent is 
usually required for optimum growth. Foods of high protein content are essen- 
tial under these conditions. 

For adults, however, ive may consider some of the lower figures for di- 
gestibilit}^ and biologic values which have been reported for practical diets. 
There appears to be evidence that certain diets of the Far East are relatively 
indigestible. McCay’^ reported digestibilities of 50 per cent, but these diets 
contained over 700 Gm. of dry rice and a total protein content of 93 Gm. 
Aron and noseon,®^ Sfason,®’ and others have also reported digestibilities be- 
tween 50 per cent and 90 per cent. Ulore recently Basu and co- workers’®'® 
have reported digestibility figures of 62, 78, SO, and 89.5 and corresponding 
biologic values of 75, 66.5, 60, and 59 for several Indian diets. Calculated 
according to the pi’cvious equation, using an average basal caloric expenditure 
of 1,500 calories, the protein requirement on these four diets would be 42-5, 
38,7, 41.6, and 38.0 Gm. per day. It is interesting that the lower digestibility 
figures given are associated with higher biologic values and vice versa. 
have occasionally noted similar results in experimental animals and it is prob- 
ably related to the effeet of differences in intake on the biologic value. Fo^^ 
absolute comparison, proteins should be fed at equal levels of digestible pro- 
tein and also at levels approximating the requirement, since it is here that tbe 
biologic values become important. 

In calculating requirements from nitrogen balance studies, no considera- 
tion is given to the nitrogen loss in sweat, growth of hair, etc. At present, 
there appears to be insufficient data to evaluate the magnitude of these losses. 
Furthermore, the value of different proteins in meeting these requirements is 
unknown. Data obtained on chicks®* suggest that the amino acid requirements 
for feather grorvth are considerably different from those for body growth, 
since birds which feather rapidly have higher arginine and glycine require- 
ments. Poor proteins, as they are generally measured, may meet these re- 
quirements. Some allowance must undoubtedly be made above equilibrium 
requirements in adults, but we believe it to be small and at the present time 
cannot be'estimated in terms of different proteins. 

Protein deficiency is known to occur in adults, but it seems likely that 
this develops in individuals consuming natural foods, only coincident with 
caloric restriction. Calorie restriction over some time produces a fall in basal 
metabolism, blood pressure, cardiac rate, and respiratory activity. Wietber 
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this results in a lower endogenous nitrogen and smaller protein requirements 
has been inadequately investigated. However, it appears logical that protein 
restriction and starvation produce identical etEects regarding protein metab- 
olism. In either case, tissue proteins are destroyed; in the first to meet en- 
dogenous requirements and in the second to meet caloric requirements. 

No data appear available to indicate the relative value of different pro- 
teins in starvation, or indeed whether protein per se is of any value under 
such conditions. Out of thousands of starved individuals, both children and 
adults, seen in Europe immediately after the recent war, clinical and labora- 
tory evidence of protein deficiency was found only in those who had consumed 
grossly insufficient amounts of calories over relatively long periods of time 
(three months or longer). Ninety-five to 100 per cent of the dietary protein 
of these starved individuals was furnished by cereal grains and potatoes, and 
those showing signs of protein deficiency improved simply by consuming more 
of these foods. Marked variations in the clinical condition of these starved 
patients with regard to the development of edema suggest a practical problem 
for research. Starvation edema involves far more than a deficiency of pro- 
tein — ^body activity, capillary permeability, efficiency of the circulatory system, 
blood volume, and other physiologic factors, in addition to calories, and pos- 
sibly other nutrients are also implicated. 

SUMMABT 

1. Nitrogen balance studies on twenty-six adults in apparent good health 
were made using a low protein diet, devoid of animal protein, in which ap- 
proximately 50 per cent of the protein was supplied by white bread, 12 per 
cent by other cereals, 30 per cent by vegetables, and 8 per cent by fruit. Ade- 
quate calories to maintain caloric equilibrium were supplied by sugars, starch, 
and fats. It was found that the nitrogen requirement is more closely related 
to surface area (basal caloric expenditure) than to body weight. The require- 
ment for maintaining nitrogen balance was approximately 2.9 Gm. of nitrogen 
(18 Gm. conventional protein) per square meter of body surface. A man 
weighing 70 kilograms would thus require between 30 and 40 Gm. of protein, 
depending upon height. 

2. On the same diet with one-third of the protein replaced by meat, the 
requirement appears to be about 2.4 Gm. nitrogen (15 Gm. conventional pro- 
tein) per square meter. Protein requirement is thus about 17 per cent less on 
this diet than on the all-vegetable diet. 

3. Data on digestibility and biologic value were determined and the equal 
importance of these twm measurements for evaluating the nutritional value of 
a protein is emphasized. High quality proteins are more efficient, but less 
efficient proteins may serve equally well, provided enough can be fed to cover the 
requirement considering the specific digestibility and biologic value. 

4. The biologic value of the low protein all-vegetable diet used in these 
studies was increased from 72.5 to 80.4 by replacing one-third of the protein 
''ilh meat. The digestibility of the two diets was essentially the same. 


282 


IIEGSTED, TSONGAS, ABBOTT, AND STAHE 


5. There was no measnvablc objective change in the physical condition 
of any of the individuals throughout these studies. Some complained of undue 
postprandial hunger and fatigue on the low protein all-vegetable diets. These 
complaints were not present on high protein diets. 

6. There were no significant changes in hemoglobin, hematocrit, or plasma 
volume. Total protein, plasma albumin, and plasma globulin tended to de- 
crease on the low protein all-vegetable diet when fed at a level low enough 
to produce negative nitrogen balance. The replacement of one-third of the 
protein in this diet with meat resulted in a prompt increase in the globulin 
fraction. 

7. It is most unlikely that protein deficicnej' null develop in apparently 
healthy adults on a diet in which cereals and vegetables supply adequate calories. 

8. Considering the experimental data presented in this study, the National 
Eesearch Council’s daily recommended allowance of 70 Gm. of protein for an 
adult weighing 70 kilograms is most generous and could, if necessary, be 
reduced to 50 Gra. and still provide approximately 30 per cent margin above 
requirement. 

9. It should be emphasized that the experimental data and the conclusions 
of this paper apply to adults in apparent good health and do not consider 
protein requirements in growth, pregnancy, lactation, or disease. 

' ADDENDUJI 

Since this paper was winttcn, an important contribution on the protein 
requirements of adults* has appeared. It is interesting that these authors 
data upon a mixed diet which corresponds in some respects to our diet con- 
taining meat yield values for the protein requirements similar to those ob- 
tained in this study. These authors have calculated protein requirements to 
include nitrogen losses in sweat, sldn, and hair. As discussed previously we be- 
lieve these requirements have been too little studied to be evaluated at this 
time, especially in terms of specific proteins. 

It is also of interest that these authors find the endogenous nitrogen losses, 
although determined on only two subjects, to be approximately 1.4 mg. pc’" 
basal calorie. This figure corresponds closely to that found by Ashworth and 
Brody on rats rather than the figure of 2 mg. given by Smuts. 

We are indebted to Simmons College and particularly to Dr. E. Eobb, Professor of 
Home Economics, for the use of kitchen facilities required in these studies, and to the 
American Meat Institute, for a grant-in-aid which made this work possible. 

The authors desire to express their grateful appreciation to the various people who 
served as subjects, to Dr. A. Hopkins and Dr. H. Edor, for medical assistance, and to M- 
Beardsley, L. Butler, A. O’Connell, E. Penrose, S. McGrail, and A. Flanagan, for technic.il 
assistance in this work. 

We are also indebted to Miss Jane Worcesterj of the Department of Vital Statistic^; 
Harvard School of Public Health, for guidance in the statistical treatment of the data. 
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PLASLIA PEOTEIN LEVELS IN NOELLAL INDIVIDUALS 


D. F. JIHiAii* 
Dxjbsam, N. C. 


M OEE than 1,500 serai-micro-Kjeldahl determinations of total plasma pro- 
teins and albumin in as many different individuals "were part of a nutri- 
tion ^rvey carried out over a period of five and one-haK years in North Caro- 
lina (1940-1945). It seemed of value, therefore, to present these extensive data 
in a series of frequency distributions of persons grouped by race, sex, and age. 

The technique used and the characteristics of areas and groups of persons 
surveyed have been described in previous communications.^'® It is notev?orthy 
that the entire study pertained to individuals in famibes who were presumably 
in ordinary health, living in their customary environment and at their usual 
occupations. Their nutritional status was that prevailing in this region at the 
time, and they exhibited no signs of protein malnutrition. The mean intake of 
protein by adults was from 60 to 90 6m. daily, varying with year and area of 
survey. That of men was usually above 80 6m. 

The available data on'hlood protein levels in presumably normal individuals 
are not extensive. Peters and Van Slyke^ tabulated the normal values for mx- 
teen women and mxteen men. Peters and Bisenman® reported values for fifty- 
two “normal” persons and found 90 per cent of the levels of total proteins be- 
tween the limits of 6.3 and 7.7 6m. per cent. Myers and Muntwyler,® in review- 
ing the literature to 1940, found normal levels to be from 5.6 to 8.4 6m. for 
total proteins, from 3.4 to 5.6 6m. for albumin, and from 1.35 to 3.55 6m, for 
globulin, giving A/6 ratios of 1.2 to 2.6, Kagan,’’ reporting on 150 normal per- 
sons tested by the falling drop method, found serum protein levels of from 6.1 
to 7.6 Gm. (average, 6.7 Gm.) and considered values greater than 7.5 6m, or 
less than 6.0 Gm. as abnormal until proved otherwise. Youmans and eo-workers® 
reported protein levels on a survey of 776 individuals in Tennessee and found 
the mean level to be 6.95 ± 0.02 Gm. per cent. These levels were based only 
partly on Kjeldahl determinations, since a large number were obtained by a 
biuret technique. Robinson and associates® reported a survey on 439 normal sub- 
jects in Mexico City (altitude, 8,500 feet) having a mean protein level of 7.75 + 
0.03 Gm. per cent. This high mean must be evaluated in the light of the popiila- 
tion surveyed and of its location, and also in the light of the fact that determiaa-- 
tions were based entirely on the biuret method. 

The present study pertains to by far the largest group of subjects examined 
to date. The semi-miero-Kjeldahl technique was used throughout. The 1,561 
determinations were made on as many different individuals. Since oxalated 
pla^a was used, results are not strictly comparable with those of surveys in 
^hich serum was employed. 
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JIETHODS 

Blood collections were made during tlie period of from 9 to 12 a.m.; there 
was no request that individuals omit bz’cakfast, A tourniquet was applied and 
25 e.c. of blood rapidly withdrawn into a syringe and emptied into a bottle con- 
taining dried oxalate (0.1 e.c. of 25 per cent potassium oxalate dried in the oven 
for from fifteen to twenty minutes). The amount of blood actually withdraivn 
usually approximated 25 c.c. with a small percentage of unavoidable variations. 

Deteminations of total protein and albumin were made by a semi-micro- 
Kjeldahl procedure. The ammonia produced. b}' wct-asliing the samples with a 
selenium copper sulfate sulfuric acid digestion mixture and supero.xal was lib- 
erated with alkali and distilled into 10 c.c. of 2 per cent boric acid. Using a 
methyl red metl^dene blue indicatoi-, the ammonia wa.s titrated with accurately 
standardized 0.02 M HCl. For total protein, a sample of 0.2 c.c. of plasma 
measured with a micro-pipettc was digested directly with 3 c.c. of digestion mix- 
ture ; for albumin, 0.5 c.c. of plasma was precipitated with 14.5 c.c. of 22.5 per 
cent sodium sulfate solution and allowed to settle overnight at 37° C., and 10 c.c. 
of a clear filtrate wmre taken for digestion with the same amount of digestion 
mixture. Both determinations were carried out at least in duplicate, and only 
titrations checking within 0.20 c.c. 0.02 N acid were accepted. 


DISCUSSION 

In Table I arc presented the mean values for total proteins and for albu- 
min and globulin separately for eight subdivisions of the surveyed population 
by age, sox, and color. Since difi’erences in mean levels with respect to age and 
sex were obviously minor, further analj'sis was confined to the results obtained 
for white and colored populations specifically. In Pigs. 1 and 2 are presented 
the obseiwed frequency distributions of the peisons in these two population 
groups according to total proteins, albumin, and globulin. 

It is apparent that the frequency distributions are essentially "normal” 
in type ; hence Pigs. 1 and 2 contain normal frequency cunms fitted to the ob- 


Table r. Plasma Total Proteins, ^Ubo.min, and Globulin Mean Levels fob Pace, Sa, 

and Age Grouts 


grams ter ce.nt 


AGE AND SEX 
GROUPS 

NUMBER 1 

IN GROUP 

TOTAL 

PROTEINS 

; 1 

ALBUMIN 1 

GLOBULIN 1 

a/o Rvno 

WinTE j 

COL- 

ORED 

WHITE 

COL- 

ORED 

wiiiteI 

i COL- 
I ORED 

wiiiteI 

COL- 

ORED 

white 

: coir 

Under 15 yr. 











Male 

224 

114 

7.10 

7.37 

4.05 

4.49 

2.49 

2.93 

1.87 

1.53 

Female 

257 

113 

7.21 

7.49 

4.7S 

4.50 

2.49 

2.99 

1.92 

1.53 

Total i 

481 

227 

7.16 

7.43 . 

4.72 

4.52 

2.49 

2.90 1 

1.90 

1.53_ 

15 1 yr. 











Male j 

267 

82 

7.12 

7.39 

4.59 

4.39 

2.58 

3.05 

1.78 

1.44 

Female 

387 

117 

7.29 

7.50 

4.61 

4.37 

' 2.73 

3.1S 

1.C9 

1.37^ 

Total 

654 

199 

7.22 

7.40 

4.00 

4.38 

2.07 

3.13 

1.72 

1.40^ 

Grand total* 

1135t 

426 f 

7.19 

7.44 

4.65 

4.45 

2.59 

3.04 

'TIf' 

1.41} 


of 0.05 In means from Table II due to difference of definition of froup 


•Difference 
centers. 

423 ci^'orea."”” totaled l.OOS white, 423 colored; globulin, 1,094 white ani 
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served data, ■whicli are represented by histograms.^® These fitted curves describe 
the distributions, quite well, MTith the differences due less to sj’stematic shifts 
than to apparently irrational discrepancies in the number of persons observed 
in occasional subgroups near the middle of the range of protein values. 

When a frequency distribution may be legitimately described by a normal 
curve, one may easily proceed to calculate the probability that the protein level 
of one or more persons may fall between any two given limits by using the mean 
and the standard deviation (sigma) of the curve. On the base scale of each 
figure are entered the position and the numerical value of the mean as well as 
the location and values of points exceeding or fading below this value by one, 
two, and three times the standard deviation. 

To facilitate comparisons, the means and standard deviations for each 
group, together with their standard errors, are collected in Table II. In ad- 
dition there are tabulated values between which one-half the observations drawn 
from a “normal” population may be expected to lie (on the basis of the fitted 
curve) and another pair of values which would be expected to include nineteen- 
twentieths of aU observations. Persons with protein levels falling accidentally 
outside these wider limits would rarely be found. Conversely, when persons 
with such values are encountered they should be strongly suspected as having 
some pathologic condition. 

The means in Table II indicate that colored persons possessed a significantly 
higher level of total proteins and globulin than did white persons, while the 
albumin level was higher among white persons. The actual differences between 
the levels of the means, however, were not great in view of the scatter of the 
observed values as indicated by the standard deviations. The A/G ratio was 
distinctly higher in the white population (1.80) than in the colored (1.46). 

Precipitin tests for syphilis were made on each individual in the survey. 
The incidence of positive results was low — ^less than 3 per cent in colored and 1 
per cent in white persons. Malaria was not endemic in three of the four 

Table H. Distpjbuxion Constants op Plasma Total Pp.oteins, Albumin, and Globueik 

FOR White and Colored Populations, With Limits Between Which One-Half ant) 
Nineteen-Twentieths of the Observations Mat Be 
Expected to Pall 


1. to tal proteins albujiin globulin 

Mean ~ ~ ■ 


White 

Colored 

Difference and standard error 

7.13 

7.38 

0.25 

± 0.013 
± 0.023 
± 0.026 

4.60 ± 0.011 
4.40 ± 0.016 
0.20 + 0.019 

2.54 ± 0.013 
2.99 ± 0.021 
0.45 ± 0.025 

Standard deviation 

IVhite 

Colored 

Liimts of one-half of distribution 
Nvhitc 

Colored 

0.430 

0.469 

± 0.009 
± 0.016 

0.363 + 0.008 
0.320 ± 0.011 

0.422 ± 0.009 
0.429 ± 0.015 

G.S4 

7.07 

- 7.42 

- 7.70 

4.35 - 4.84 
4.18 - 4.62 

2.25 - 2.82 
2.70 - 3.28 

Limits of nineteen-twentieths of 
, distribution 

Wliitc 

Colored 

6.29 

6.46 

- 7.98 
~ 8.30 

3.89 - 5.31 

3.77 - 5.03 

1.71 — 3.37 
2.15 - 3.S3 


•r oent 


SO 


Dlitributlon of *hU* porfoni aceonjlng to total blood protoint 
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counties sun’'ej’’ed. In the other, only one positive (thick) blood smear was 
found in nearly 900 examinations. 


SUMJLVKY 

This paper presents an analysis of blood protein determinations on 1,561 
individuals, iierformed on oxalated plasma by the semi-micro-Kjeldalil method. 
Tlie individuals, all presumably in normal health, lived on or near the coastal 
plain in North Carolina. 

Blood protein levels of white persons ditTered somewhat from those of 
colored individuals, but the factors of age and sex could be disregarded. "Nor- 
mal” ciuwes well desci’ibed the distributions of persons in each racial gronp 
based on total proteins, or on albumin and globulin separately. The fitted 
curves arc presented in Figs. 1 and 2 and their comstants given. 

The mean total protein level for white persons was 7.19 Gm. per cent and 
for colored pei-sons, 7.44. Tlie mean albumin was higher among white than 
among colored individuals (4.65 and 4.45 Gm. per cent, respectivel}^. The 
globulin level was, therefore, higher in the colored group (3.04 versus 2.59 Gm. 
per cent). Mean A/G ratios wmre 1.80 among white and 1.46 among colored 
persons. The difference between the races in globulin levels was twice as great 
as that between age and sex groups of the same race. 
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■ THE TEEATjMENT OP BACTERIAL ENDOCARDITIS "WITH 

PENICILLIN 

Robert J. Glaser, MD., Ralph 0. Smith, M.D,, Carl G. Harford, M.D., 

AND "W. Barry "Wood, Jr., M.D. 

St. Louis, Mo, 

A lthough the efficacy of penicillin in the treatment of some bacterial 
infections is ■well established, its effect in bacterial endocarditis has been 
more difficult to evaluate. Herewith are presented the results in twenty-eight 
patients ■with streptococcal and staphylococcal endocarditis treated "with peni- 
cillin® in the three-year period from December, 1942, to December, 1945. This 
report represents a continuation of the cooperative clinical study of the therapeu- 
tic effect of penicillin in hacterial infections and includes further ohservations 
of three patients previously reported.^ 


METHODS 


Selection of Patients .] — ^In this series, all patients with adequate clinical 
and laboratory evidence of hacterial endocarditis were included, regardless of 
the patient’s condition at^the time of admission to the hospital. 

Administration of Penicillin . — ^Although intermittent and continuous meth- 
ods were used either intravenously or intramuscularly on various occasions, the 
usual procedure was the intramuscular injection of 40,000 units every two hours 
day and night. The use of a continuous intramuscular drip was abandoned be- 
cause of reactions.^ Continuous intravenous infusion was employed for the most 
part only when it was necessarj' to give massive doses. "When bacteremia per- 
sisted after several days of therapy, the dose of penicillin was increased. 

The duration of treatment was variable, but in the more recent cases it was 
continued until the patient was afebrile for at least sis weeks. 

Other Therapy . — Sulfonamide drugs were given to two patients, to one 
because the infecting organism was resistant to penicillin, and to the other be- 
cause of a concomitant fungus infection. Anticoagulants were used once and 
then only in an attempt to maintain a continuous intravenous drip. Supportive 
measures such as blood transfusions, high calorie diets, and supplementary 
vitamins were employed freely as indicated. 

Ohservations . — Special efforts were made to maintain complete and ac- 
curate records on each patient throughout his stay in the hospital. 

"With one e.vception (Case 7), two or more cultures of the blood were posi- 
tive before the beginning of treatment, and, in that iustance, the clinical man- 
ifcstati ons were so striking as to justify the diagnosis. In several critically iU 
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Table I. Tkeatme!,-! of Ske; 








NUMBER OF 

MAXIMUM 





TYPE OF 

DURATION 


POSITIVE 

COLONY 

oncAYisir 

case 

AGE 

SEX 

HEAKT 

OF 

MURMURS* 

BMOD CUB* 

COUNTS 




DISEASE 

SYilPTOMS 


TUBES BEFORE 

PEP. C.C. 








TREATMENT 


1 

C8 

remale 

Rheumatic 

5 mo. 

M.I. 

0 

200 

Streptococcus vinda 

2 

24 

Female 

Congenital 

Rheumatic 

1 mo. 

P.S., P.I. 

7 

120 

Streptococcus vitiiri 

3 

25 

Female 

C mo. 

A.S., A.I., 
M.S. 

M.S., A.I., 

5 

320 

Streptococcus TiriJta 

4 

56 

Male 

Rheumatic 

1 MO. 

4 


Streptococcus virida 

5 

38 

Male 

Rheumatic 

1* MO. 

M.I. 

A.I., A.S. 

2 


Streptococcus virida 




syphilitic 





G 

22 

Male 

Rheumatic 

2 mo. 

M.S., M.I. 

0 


Streptococcus virida 

7 

50 

Male 

Rheumatic 

1 ivk. 

M.S., M.I., 

0} 



8 

29 

Male 

Rlieumatic 

1 MO. 

A.S., A.I 
M.I., M.S. 

2 


Streptococcus virida 
Streptococcus ™d®= 

9 

49 

Male 

Rheumatic 

5 mo. 

M.I. 

4 



10 

24 

Female 

Rheumatic 

11 

56 

Female 

Rheumatic 

12 

62 

Male 

Rheumatic 

13 

20 

Male 

Rheumatic 

14 

55 

Male 

Rheumatic 

15 

30 

Male 

Rheumatic 

16 

37 

Female 

Rheumatic 

17 

26 

Female 

Congenital 

18 

32 

Female 

Rheumatic 

19 

59 

Male 

Rheumatic 

20 

41 

Male 

Rheumatic 

21 

22 

Female 

Rheumatic 

22 

15 

Female 

Congenital 


2 MO. M.I. 

C MO. M.I., M.S. 

5 MO. M.I., A.I. 


C MO. M.I., M.S. 

0 MO. M.I., M.S., 

AX 


2 MO. 
4 MO. 


4 MO. 
8 MO. 
6 MO. 
G MO. 
10 MO. 


M.I. 

M.S., M.I., 
A.I. 


Is. 


P.D.A.II 
M.I., 

M.I. 

M.S. 

M.I., M.S. 


4 days P.D.A.TT 


335 


120 


34 
CO 

100 

35 


Streptococcus nn 
dans + 

Streptococcus nn 
dans} 

Microacropliilic t® 
hemolytic strept®* 

Streptococcus rjn'S- 

Streptococcus vin 
dans ++ 


Streptococcus 

Streptococcus 


viriJu- 


Streptococcus 
Streptococcus nn-- 
Streptococcus 
Streptococcus rin 
Streptococcus n 


182 Streptococcus 


A.S.. aortic s>’stollo murw^’^ I 
.5i„=fnTin murmur, 


•M.S., Mitral diastolic murmur; M.I., mitral systolic murmur; jv.o.. o... ~ .f. 

aortic diastolic murmur ; P.S., pulmonic systolic murmur ; P.I., pulmonic diastolic murmui , 
and fro murmur of patent ductus arteriosus. 
fSee Appendix. 

JMany negative blood cultures including those obtained by sternal and arterial routes. 
§Also Actinomyces bovis five times. 


patients in whom the clinical findings were indicative of bacterial endocarditis, 
three or four blood cultures were drawn over a period of several hours, after 
which therapy with penicillin was instituted. In each of these patients the 
blood cultures were subsequently found to be positive and the diagnosis con- 
firmed. Frequent blood cultures were obtained throughout and immediately 
following the course of therapy. 
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periencc, growth of Streptococcus viridans was especially prompt and abundant in thin- 
glycollato broth. In addition, pour plates were made with 1 and 2 c.c. amounts of blood. 
Each 100 c.c. of medium contained 5 mg. of pnra-arainobcnzoic acid< and, during the latter 
part of tho study, 1 mg. of cysteine hydrochloride was also added in order to inactivate peni- 
cillin carried into tho culture from the blood of the patient. a. o The cultures were observed 
daily and subcultures made when indicated. 

In vitro sensitivity .to penicillin* of many of the streptococcal strains was 
tested! with various methods, hnt tho results of repeated experiments were not 
consistent enough to state reliably the number of units of penicillin needed for 
antibacterial action on a given strain. Ilowover, it Avas readily recognized and 
confirmed that strains from two patients Avere relativelj’’ resistant. 

The clinical condition of all surviA'ing patients has been CA-aluated fre- 
quently and information regarding fever, embolic phenomena, anorexia, Aveight 
loss, and malaise has been cspecialty sought. Blood cultures have been obtained 
AA'hencver possible. Except in tAvo instances, post-mortem examinations have 
been carried out on the patients Avdio baA'c died.! 

RESULTS 

Streptococcal Endocarditis. — Twenty-two of the patients bad streptococcal 
endocarditis and significant data concerning them are summarized in Table I. 
The number of surviA'ors Avith penicillin therapy and the duration of the period 
since termination of treatment arc shoAvn in Tables II and III. Illustrative case 
histories are presented in the appendix. It should be noted that a complete 
course of therapy Avms giv'en to fifteen patients, and of these, thirteen am now 
living and aa’cII (Appendix, Case 6). On tlie other hand, of the fiv'C patients 
who died before the completion of therapy, thi-ce died AA'ithin the first four days 
of treatment (Cases 5, 9, and 21) and the other two Anthin eleven days (Cases 1 


Table II. Results op Pexicillin Tkeatjient of Patients AA^th Bactewal 

Endocahditis 





FAILURES 





LIVING BUT 


okganism: 

NUMBF.ROF 

CASES 

LIVING AND 
■WELL ' 

WITHOUT 

ARREST or 
INFECTION 

PIED 

streptococcal 

Staphylococcal 

22 

G 

13 

5 

1 

0 

8 

1 

Total 

28 

18 

1 ■ 

9 


Table III. Length of Follow-Up in Patients Now Clinically Well 


Eighteen to twenty-four niontlis 

4 


Tw’elvc to eighteen months 

1 


Six to twelve months 

6 


Three to six months 

5 


One to three months 

o 


Total 

IS 

_ — - 


of the‘Vod"and^Dfu™’’Aaministat™^ furnished by Dr. Henry Welch, 

rnende^d^bymf commuted on Sal ReLaSihf bltwo^n” the® Offl°ee oT Scientific® RTsearch'^a 

Development and the Washington University SdhSol of Medicin™ Scientific Kesea 
tThese will be reported by Dr. Robert A. Moore, of the Department of Pathology. 
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and 11). Two patients (Cases 2 and 3) suffered immediate relapses after 
twenty-four and thirty days of therapy, but both responded well to second 
courses. In one (Case 2), relapse occurred the day after penicillin was discon- 
tinued; in the other, fever began four days after the last dose of the drug 
(Appendix, Case 3). Two of the patients died in congestive heart failure 
(Cases 4 and 16). One of these showed no bacteria in sections of the involved 
heart valve obtained at autopsy (Appendix, Case 4) . The other had no clinical 
evidence of infection at the time of death, but autopsy observations could not 
be made. The streptococci isolated from two patients (Cases 10 and 14) were 
relatively resistant to penicillin. One of these patients died, but the other is 
bving and clinically well, although bacteria were still present in the blood at 
the time the patient left the hospital (Appendix, Case 10). 

Staphylococcal Endocarditis.— The six eases of -endocarditis caused by 
staphylococci are summarized in Table IV. Am acute and fulminating course 
was observed in four of the patients (Cases 28, 25, 26, and 28) , while a chronic 
afebrile disease in one (Case 27) was correlated with characteristics of the or- 
ganism usually associated with lack of pathogenicity."’ ® 

Eesults in this group were excellent;* there was only one death and that 
occurred in'the first patient in the entire series (Case 23). It is interesting 
to note that this patient made a good response to small doses of penicillin; death 
was due to rupture of a brain abscess. 


DISCUSSION 


Prior to the use of penicillin, the prognosis of bacterial endocarditis was 
almost hopeless.®'^® Although the first reports on the use of the drug in the 
treatment of this disease were discouraging,^^*^® many observers have subse- 
quently reported favorable results.^®*^’ Our results bkewise confirm the efficacy 
of penicillin. The magnitude of the advance is strikingly demonstrated in 
Table V, in which the results in the present series are compared with those ob- 
tained in twenty-four patients with streptococcal and staphylococcal endocarditis 
admitted to the Barnes Hospital over a seven-year period from 1935 to 1941 in- 
clusive,® 


Criteria of Cure. — Obsen-ations of the natural coui-se of bacterial endo- 
carditis in the years before penicillin therapy have shown that spontaneous 
remissions occur® and may lead to false conclusions as to the prqgnosis. In 
new of this fact, it has been pointed out** that a long follow-up period is neces- 
sarj’ in order to demonstrate the value of treatment in this disease. In the pres- 
ent series, it is possible to report that a considerable number of patients are alive 
and apparently -well after periods of from six months to rivo years since the 
conclusion of treatment. These observations indicate that beneficial effect is 
Dot of a temporarj' character and increase the probability of actual cure. 

In most patients with bacterial endocarditis in whom the infection seems to 
be controlled with penicillin, it is impossible to observe the microscopic lesions 
because the patients are living. In three reported cases®®’ *® in 
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Table IV. Tiu:ATJiENT op Staphylococoi 


CASE 

AGE 

SEX 

TYPE OF 
HEART 
DISEASE 

DURATION 

OF 

SYilPTOXIS 

MURMURS* 

NUMItEU 

OF POSI- 
TIVE BLOOD 
CULTURES 
BEFORE 
TREATMENT 

MAXIJIUM 

OnOANISR 

COUNTS 

PER O.C. 

23 

33 

Fcmalo 

Rheumatic 

8 days 

M.I., M.S., 
A.I. 

0 

1000 

llemolytic Staphjiocccra 
aureus t 

24 

31 

Female 

Congenital 

5 wk. 

I.V.S. 

3 

200 

Hemolytic StaphylocMcti 
aurcust 

25 

17 

Female 

Rheumatic 

6 days 

M.I. 

3 

ICO 

Hemolytic Staphylotocra 
aureus} 

26 

35 

Female 

None 

3 wk. 

M.I.1I 

4 


Hemolytic StaphylocMta 
aureus} 

27 

35 

Male 

Rheumatic 

5 mo. 

M.L, M.S. 

12 

84 

Hemolytic Slaphylococra 
albus{ 

28 

22 

Male 

None 

15 days 

M.I.1I 

4 


Hemolytic StaphyloMtra 
aureus} 


•M.I., Mitral systolic murmur; M.S., mitral diastolic murmur; A.I., aortic diastolic murmur; LVA 
systolic murmur of patent Interventricular septal defect. 
tSee appendix. 


ivhicli the infectiou was apparently arrested with penicillin, the opportunitj’ to 
observe sections of the involved valves presented itself when the patients sub- 
sequently died of cardiac failure. In two of these cases,*® no bacteria were found 
and evidence of extensive healing was present; in the third,®® although the 
reparative process was noted, a small nest of bacteria was demonstrated. In one 
of our patients (Case 4) death from heart failure made it possible to e.xaminea 
section of the affected valve and no bacteria were seen. Inasmuch as sections 
of valves in untreated bacterial endocarditis have almost always shown numerous 
large colonies of bacteria,®’ ®®'°® the foregoing obsei’vations constitute strong evi- 
dence in favor of the theory that patients vdth bacterial endocarditis who are 
clinically weU for several months after penicillin treatment are completely cured. 

Analysis of Failures . — ^^Vhile a significant number of patients have made 
an apparent recovery from bacterial endocarditis and while the value of pam- 
ciUin therapy in this disease seems established, it is desirable to consider care- 
fully those patients in whom the ultimate outcome was unsatisfactory in an 
attempt to evaluate the factors responsible. 

The importance of prompt, intensive, and prolonged penicillin treatment is 
indicated by the failures recorded in six of our patients wlio died early in the 
course of therapy; it is further emphasized when one considers the progressive 
debility which accompanies systemic infection and the danger of disabling or 
fatal embolism'® (Appendix, Case 21)., 

Failure in two of our patients with streptococcal endocarditis (Cases 10 
and 14) was adequately explained by the relative resistance to penicillin of the 
bacteria isolated. It has been shown that certain strains of streptococci are in 
herently resistant to penicillin®*-"; this is particularly true of Streptococcus 
fecalis,''*’ ®® which causes from 5 to 10 per cent of all cases of streptococcal endo 
carditis.®* In view of these facts, it is clear that at present insensitive bacteria 
may interfere with recovery in a significant number of patients. In one of our 
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.tocarditis With Penicillin 


UKGE OF DAILY 

DOSE 

(UNITS) 

ROUTE 

DURATION 

OF 

TRE-ATJIENT 

(DAYS) 

TOTAL 

PENICILUN 

(UNITS) 

RESULTS 

1,000 . 

I.V. 

5 

270,000 

Died on fifth day of therapy; autopsy re- 
vealed rheumatic mitral disease with 
active vegetations and ruptured brain ab- 
scess 

0,000 

I.V. 

13 

4,680,000 

Well twenty-one months after therapy 

0,000-300,000 

I.M., 

I.V. 26 

3,120,000 

Well twenty months after therapyf 

0,000-1,200,000 

I.M. 

22 

11,600,000 

Well ten months after therapy 

:0,000 

I.M. 

42 

20,512,000 - 

Well four months after therapy; one epi- 
sode of cardiac decompensation 

0,000-1,200,000 

I.M., 

I.V. 67 

58,640,000 

Well one and one-half months after therapy 


tCoagulase positive, mannlte fermented. 
iCoaguIase negative, mannlte not fermented. 
IMurmur developed under observation. 


patients (Appendix, Case 10) an attempt was made to give enough penicillin 
to overcome a resistant streptococcus, and a striking decrease in the number of 
bacteria in the blood was observed. The practical difSculties encountered in 
the administration of this large amount of penicillin rendered continuation of 
such therapy impossible, hut the results seem encouraging enough to warrant 
further trials if it becomes feasible to attain sufficiently high levels of penicillin 
in the body. 

In two of our patients (Cases 2 and 3; Appendix, Case 3) relapse occurred, 
apparently because penicillin was not continued long enough. The histories of 
several others (Cases 10, 15, 16, 17, 20, and 21) showed that penicillin had been 
given to them for short periods of time before they came to this hospital and that 
the clinical manifestations of the disease had recurred shortly after therapy was 
concluded. In all but one of these patients further prolonged treatment with 
penicillin resulted in a satisfactory arrest of the infeetion. In the single un- 
successful instance (Case 10), the evidence points more to inherent resistance 
of the organism as previously noted. The experience, as a whole, supports the 
opinion^'- 's that penicillin therapy should he continued over a long 

period of time and does not indicate that the bacteria are likely to acquire 
enough resistance through one or two inadequate courses of treatment to inter- 
fere with subsequent success. 

Two patients (Cases 4 and 16) died of cardiac insufficiency and two more 
(Cases 7 and 27) had episodes of heart failure in spite of the fact that their 
infections were apparently arrested by penicillin. It has been suggested that 
cardiac failure may be due to vahnilar deformity produced by fibrous contrac- 
tions of healing vegetations,^'- particularly if the aortic valve is in- 
volved.'*- *'- 's Although it is not possible to prove that such a mechanism was 
responsible for heart failure in our patients, it seems probable that ultimate 
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tip was just palpable. There was clubbing of the fingers and toes and a suggestive splinter 
hemorrhage was noted under the nail of the left fifth finger. . Pelvic examination was not 
remarkable except for a creamy vaginal discharge. The remainder of the physical examination 
was concontributory. 

The laboratory data revealed that the red blood cell count was 3,600,000 per cubic 
millimeter with 10 Gm. of hemoglobin per 100 c.c.; the white blood cell count was 8,800, with 
a normal differential. The urine showed a small amount of albumin but no red cells. Kahn 
test of the blood was negative. Culture of the vaginal discharge revealed no gonococci. Four 
consecutive blood cultures were positive for Slrcpiococcus viridans with the maximum colony 
count 320 colonies per cubic centimeter. 

Following the report of the positive blood cultures, the administration of 20,000 units 
of penicillin intramuscularly every two hours was begun (Fig. 1), The temperature, which 
had been quite septic, fell to within normal limits and remained there throughout the re- 
mainder of the hospital course except for occasional elevations above 38° C. The penicillin 
dosage was lowered to 10,000 units every two hours intramuscularly. Subsequent blood cul- 
tures were negative. During the course of penicillin therapy, the patient had repeated epi- 
sodes of embolic phenomena. The drug was discontinued after thirty days of therapy, at which 
time the patient had received a total of 4,800,000 units. She loft the hospital May 20, 1944, 
feeling quite well; she was advised to follow her daily temperatures and to report back to the 
hospital if elevations occurred. On the fourth day after discharge her temperature was noted 
to bo 102° F. and she returned to the hospital for re-ev.aluation. 

Second Admission . — Physical examination revealed the temperaturo to be 38.2° C.; pnlse, 
70; respirations, 20; blood pressure, 112/44. The examination was essentially as on the pre- 
vious admission; no potechiao were noted, but tlie splenic tip was again palpable. 

The laboratory findings revealed a persistent anemia and a normal white blood cell 
count. The urinary sediment showed from 2 to 3 red colls per high-powered field. Three 
consecutive blood cultures were again positive for Slrcptococcus viridans. Penicillin therapy 
was instituted with dosages of 20,000 units intramuscularly every two hours (Fig. 2). 

The temperature wliich had ranged between 38° C. and 39° C. for the most part fell to 
within normal limits within twenty-four hours of the reinstitution of penicillin therapy. The 
dosage was increased to 60,000 units every two hours intramuscularly and continued at that 
level for twenty-two days when it was discontinued. At that time the total penicillin pren 
was 12,780,000 units. Subsequent blood cultures were negative; the patient’s course was un- 
eventful, and she was discharged afebrile and asymptomatic July 8, 1944. On April 3, 194o, 
she re-entered for the third time to receive prophylactic penicillin therapy for dental extrac- 
tion. Her general condition was good, blood cultures were negative, and her hospital course 
was uneventful. The patient has remained very well. 

Summary . — A 26-year-old woman who had rheumatic fever at the ago of 7 years entered 
the hospital with subacute bacterial endocarditis due to Streptococcus viridans. She received 
penicillin for thirty days and made a good clinical response, only to relapse four days after 
discharge. She was then given a second, more intensive course of penicillin, responded well, 
and has remained in good health since discharge nineteen months ago. 

Ca.se 4. — This patient, a 56-year-old single white man, entered the Barnes Hospital for 
the first time July 3, 1944, complaining of pain in the left heel and calf for one month and 
a pruritic rash for three days. At the age of 21 years ho Imd had migratory joint pains and 
the following year a similar attack. Six months before entry the patient had had oral manipu- 
lations apparently designed to make his dentures fit better. One month before entry he p- 
veloped pain in the left heel which radiated up the calf of the leg and which was accompanied 
by swelling of the ankles and knees. He then noted palpitation, dyspnea on exertion, and 
increasing fatigue and consulted a local physician who told him he had “arthritis” and treated 
him with “arthritis shots.” Four days before entry the patient was given sulfathiazole Iff 
his physician and on the day before entry he developed a red, itching, maculopapular rash 
which was generalized. 
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Physical examinatioa showed a temperature of 3S° C.; pulse, 140; respirations, 36; 
blood pressure, 110/60. The patient was well developed and well nourislied and appeared 
acutely ill. He was slightly cyanotic and markedly short of breath. There was a generalized* 
maculopapular erythematous rash involving the extremities and the trunk, but no petechiae 
were seen. The neck veins were distended. Bilateral moist basal rules were heard at the 
long bases. There were dullness, decreased tactile fremitus, and diminished breath sounds 
at the right base. The heart was slightly enlarged to the left with a rapid, regular rhythm 
and sounds of poor quality. Ocular and carotid sinsus pressure did not affect the heart rate. 
Subsequently, when the rate was slowed, a harsh systolic murmur could be heard at the apex 
where there was also a low-pitched diastolic rumble; a higli-pitched early diastolic murmur 
was heard along the left sternal border. Examination of the abdomen revealed the liver edge 
6 cm. below the costal margin. No other organs or masses were palpated. The remainder of 
the physical examination was noneontributory. 

The laboratory studies showed that the red blood cell count was 4,100,000 rvith 12 Gm. 
of hemoglobin; the white blood cell count was 8,000 with a normal differential. Examination 
of the urine showed no albumin or red cells. The blood Kahn reaction was negative. The 
blood sulfathiazole level was 0.3 mg. per cent. The venous pressure was 1-50 mm. of saline; 
the decholin circulation time, 21 seconds. An electrocardiogram on entry showed auricular 
flntter with two-one block. 


ISE 4. 



rcTcrted^t^^ digitalized, and after having transitory auricular fibrillation, the heart 

drawn and°th rhythm. Because of continuing low-grade fever, blood cultures were 

')=cterial '^ere positive for Streptococcus rinduns. The diagnosis of subacute 

>atramn=cuEr^'^‘''™’*^’^ and the administration of 20,000 units of peniciUm 

all EuhscQucnt^wf^^^A^ hours was begun (Fig. 3). There was a good clinical response and 
•he patient men’ were negative. After twenty-five days of therapy, during which 

'he patient “f’hs of penicillin, the drug was discontinued. Four days later, 

'hat perhans j ''""d, and, although no lesions developed, it was thought 

liaiitalion of V embolism. He subsequently was asymptomatic except for marked 

rriaracd to th . '"‘'/‘'-^rve and he was discharged from the hospital Aug. 23, 1914. He 
e ospital m one week because of cardiac decompensation but had no symptoms 
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to suggO'-t reeiinciiec of bacterial eiidocaiditih; lepoated blood cultures ^\cre licgatuc. He 
lulled to loopond to cauliac theruin, lio\\e\ei, and giudiially failed, lie expired Sept. 20, 
• 19 11, in an attack of acute pulmonaii edema. 

At ])o-t-iuortom examination tlio heart nas found to be \ery huge; the aortic lahe iia'- 
gio‘-s!y defoinicd and ‘-honed huge fungating Ic'-ion*. attached to the lahe leatlct*-. Part of 
this nai'-s was niaceiated aseptically and cultured, but no oiganisnis were reooicred. Tlie 
Department of Pathology aKo cultured the \ahe. and on the '•econd .subculture a growth of 
Sli rptocotew) iiudniif was obtained. Mnio'-copit examination of the xahe, howeier, .diowccl 
healing, and bactenal stains of sections of the xl-gitatioii and lahe sjiowed no org.inisnis. 

Summaiy . — .V .Kijear-old man who had two boats of iheumatic feier was admitted to 
the hospital with subacute bacterial endocarditis due to Shcpiocncciit iiri</niii. lie receiied 
a courso of penicillin and did well except lor a limited cardiac resene. One month later lie 
died of intiactablo lieait failuie without eliniial, laboratory, or pathologic evidence of recur 
ronce of the endocarditis. 

C.vSK 0. — Tins patient, a 22 xear old single while man, was admitted to the Barnes Hospi 
tal foi the fust time Pept. 2.'), 1011, coin[>laining of weakne'S and fatigue for sexen wecl-s 
and afleinoon fexer for fixe xxeeKs At the age of six he had had scarlet fexer xxliich left liini 
xxith a “bad heart.’’ He had been frail and linn exei since, but hud apparently gotten along 
fairly xxcll until two months before entry when he began to notice increasing fatigue and 
pains in the arni= and chest. Fixe xxeeks before entry he had a tooth extracted and one xrcek 
later dex eloped rod spots on the finger tips. For about one month he had been short of breath 
and for two xxeeks ho had had ankle edema. For four daxs before entrx ho xxas gixen a 
snlfoiiainidc drug. 

Phxsical oxaiiiiiiation .showed a toiiipcralure of 37.S° C.: pulse, 9J; rosjiiralion«, IS; blood 
pressure, lld/.5S. The patient xxas a well dex eloped, e.xticmely thin young male xvho looked 
chronically ill. Petochiao weto noted on the palms, finger tips, and dorsum of the feet. The 
neck xcins wcic not distended. The lungs xxeie clear. The heart was niaikedly enlarged both 
to the right and to the left. The ilixthm xxas regular. A loud harsh systolic niunmir xva' 
hoard at the apex whoio there was aPo a low pitched diastolic iiimble. The splenic tip could 
bo felt from d to 0 cm. below the costal margin. No other abdominal masses were palpable 
and the remaindei of the examination xxas iioncontiibutory. 

The laboratoiy findings siiowed that the red blood cell count xxas 1. 320, 000; hemoglobin, 
12.5 Gm ; white cell count, O.iIOO; the differenlial count rexcaled a shift to the left. The urine 
showed a small amount of albiiniin and an occasional red cell. The blood Kahn xxas positive 
The fiist three blood cultuies were negative and the fourth was posit ixc for alpha lieniolxtic 
streptococci. Foui subsequent blood cultures xxere likexxibc positive for alpha Iiemolxlie strep 
toeocci 

On the basis of lliose results (he administration of penicillin, -iO.OOO units intraniu«cu 
larly exery two hours, xxas staitcd (Pig. i). The temperature, xvhich had been septic in tx-pe 
until the institution of penicillin ther.ipy. fell to within normal limits thereafter. PcniciHm 
was continued for nineteen daxs, during xxhieh time the patient receixed 5,850,000 units 
Sex'cral dajs befoic it xxas discontinued one petechia xxas noted on the left hand. Subsequent 
blood cultures wore all negatixc. The patient, as noted, had a positixe Kahn tost but denied 
exposure to syphilis; the quantitatixe Kahn xxas 10 units. It was felt that nothing more 
would bo done at that time in legard to the question of possible syphilis. The patient left the 
hospital Noxx II, 1914. 

He did very xxell and subsequently leturncd one xeai later for re exaluation. At that 
time phjsical examination xxas as bcfoie, except that there were no potecliiae and the patient 
had developed an eaily high pitched diastolic imirimii, heard at the aoitic area and along 
the left sternal boidei. Repeated blood cultuies xxeie iicgatixo on this admission, as were the 
Kahn test and a lumbar puncture. 

Summaiy . — A 22.xearold man who had scarlet fexci apparently followed by acute 
rheumatic fever at the age of G jears entered the hospital because of subacute bacterial endo 
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carditis due to Streptococcus virulans. He was treated with intramuscular injections of 40,000 
units of penicillin every two hours for nineteen days and made a good recovery. He has re- 
mained well for fourteen months and is an e.xample of the succe.^sful treatment of streptococcal 
endocarditis with penicillin. The development of aortic ineompetency suggests that the aortic 
valve was the seat of vegetation and, in healing, had become more deformed. 


CASE 6 



C.VSE 10.* — ^This patient, a 24-ycar-old white married housewife, entered the Barnes 
Hospital for the first time March 12, 1945, complaining of fever, joint pains, and an erythem- 
atous ra'-h. The patient had always enjoyed good health and had never had acute rheumatic 
fever or chorea. About Dee. 1, 1944, three month- prior to entry, she had a miscarriage. The 
u,= rvas said to have been approximately 0 weeks old, and subsequent to its passage the pa- 
Jan^ vaginal bleeding in decreasing amounts for one month; she felt well otherwise until 
lOo" when she noted the onset of malaise, weakne-s. and afternoon fever ranging from 

11 given a sulfonamide drug, but her sv-mptoms did not improve, and 

a ion and curettage were carried out. Subsequent to this procedure the patient was dis- 
re ^''om the hospital in nhich the operation had been performed, but nine day= later she 
noted found that she had a heart murmur which had not been previou=Iy 
Peai "ir snlfouamide therapy was continued and the patient was given 10.000 unit= of 
toms intramuscularly every two hours for nine days. On receiving penicillin, her sv-mp- 
"as r ■ nfter the drug was discontinued the temperature rose again and penicillin 

to *’0 before admi-=ion to the Barnes Hospital, the dose was increased 

P^nici'ui nncry two hour.s. During the period that the patient had not been receiving 

d o fineo q noticed pctccliiae in the “kin and several small splinter hemorrhages under 
'■■hicU had' -V" when off penicillin she had had some generalized aches and pains 

d'O I'criol during therapv-. The patient Iiad had numerous niglit sweat®, but during 

abiu ir ^ received penicillin, these had decreased. During her illnc-s she had lo=t 

tt n pounds. 

L'I>ortc(l tiirounh the courtc-y of Dr. C. N. Duden. 
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Physical examination on entry showed a temperature of 37° C.; pulse, 100; respirations, 
20; and blood pressure, 210/70. The jratient was a well-developed but undernourished female 
lying quietly in bed in no apparent discomfort. The skin was pale and several petechiae were 
seen on the third linger of tlie right hand. The teeth and gums appeared normal except for 
several petechiae opposite the second right lower molar. The lungs were clear. The heart 
was enlarged, with tlio left border of dullness in the fifth interspace, 10.5 cm. from the mid- 
sternal line. There was no thrill, but a high-pitched grade 2 systolic murmur could be heard 
at the apex and was tiansmitlcd over tho entire prccordiura. The first sound at the mitral 
area and the second pulmonic sound wcro-.not accentuated. Tho spleen was not palpable. 
Pelvic examination was negative. Examination of the extremities revealed marked clubbing 
of both lingers and toes. 

10 


I 23456789 10 
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30 32 34 36 38 
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FIet. 5. 

The laboratory data showed that the red blood cell count was 4,100,000 with 8 Gm. of 
hemoglobin. The white blood cell count was 5,000, and the differential count showed a slight 
left shift. Examination of the urine revealed a small amount of albumin and many red cells- 
Tho stool gave a faintly positive test for occult blood. The blood Kahn reaction was nega- 
tive. The sedimentation rate was 0.2 mm. per minute. Pour blood cultures, drawn within 
the first three hospital days, were all positive for Streptococcus viridans, with colony counts 
ranging from 26 to 170 colonies per cubic centimeter. An electrocardiogram show’ed only 
sinus tachycardia. Blood counts were repeated at very frequent intervals and showed a 
peisistent anemia, a normal to slightly elevated white cell count, and often a slight left shift in 
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the differential count. The urine was free of albumin and rarely showed more than a few red 
cells. Many urinary sediments showed no red cells at aU. 

On March 14, 1945, the third hospital day, administration of penicillin, 40,000 units 
intramuscularly ererj- two hours, was started (Fig. 5). This dose was continued for a little 
over four days, during which time blood cultures were consistently positive for Streptococcus 
viridans with colony counts as high as 50 or GO organisms per cubic centimeter. During this 
period the patient continued to have emboli and her temperature, except for one elevation 
following transfusion, was of a low-grade variety. On ilarcli 19, intravenous penicillin, 
1,000,000 units per twenty-four hours, was begun. Despite this increase in dosage, the blood 
cultures continued to be positive and there were repeated emboli. The route of administra- 
tion was changed to a continuous intramuscular drip, and although the colony count decreased 
somewhat, blood cultures were consistently positive. On April 5, 1945, penicillin was stopped. 
In vitro tests showed this streptococcus to be relatively resistant to penicillin; inhibition of 
growth was never obtained with less than 3.5 units per cubic centimeter.* 

Sulfadiazine, which had been started March 24, was continued, and April 9 sulfa- 
merazine was added in full dosage, blood sulfonamide levels of the order of 25 mg. per cent 
being obtained. On this regimen the patient’s condition remained approximately the same. 
Blood cultures continued to be positive. On April 13, sulfatliiazole in full dosage was added 
to the list of medications and the total sulfonamide blood level rose to about 30 mg. per cent. 
On April 22, sulfapyridine likewise was given, so that the patient was receiving four sulfon- 
amides; the combined blood level reached 40 mg. per cent. The patient continued to have 
a low-grade fever, positive blood cultures, and occasional emboli. At least once there was 
evidence of cerebral embolization. The sulfonamide blood level got as high as 50 mg. per cent 
vrithout evidence of renal damage other than that present before any of the drugs were 
pveii.58 . 60 Sulfonamide medication was discontinued, however. May 10 because there was no 
indication of any beneficial effect. 


On July 26, penicillin therapy was reinstituted in massive doses by the constant intra- 
venous route, the patient receiving 4,000,000 units every twenty-four hours (Fig. G). Pre- 
vious works had suggested that such amounts would be necessary in order to reach blood 
levels capable of affecting an organism resistant to the degree of this one. Prior to the re- 
mstitution of penicillin, colony counts ranged from 50 to 100 per cubic centimeter of blood. 
B’ith penicillin therapy, they rapidly fell to an average of about 1 colony per cubic centimeter 
of blood. Finally, beginning Aug. 1, 1945, the sixth day after the massive doses had been 
started, blood cultures were entirely negative on three occasions. They then became positive 
ogam, although usually only one of the broths, or perhaps one pour plate, would show a 
0 ony. Great difficulty was experienced in maintaining the continuous intravenous infusion 
60 the route was changed to hourly intramuscular injections of from 150,000 to 200,000 
aaifs. However, this frequent intermittent therapy had to be stopped because of pain, 
ow grade^ fever, and signs of inflammation at the sites of injection. An attempt at con- 
mnous intrastemal infusion! was unsuccessful because flow could not be maintained. 

continuous intravenous method was reinstituted and 4,000,000 units of penicillin 
mg. of heparin were given in 2,000 c.c. of saline every twenty-four hours. 

fifth day of this regimen, the patient developed a high septic fever with ranges 
from 37.2 to 42° C. During this period the urinary findings were unchanged; 
show showed no increase in Streptococcus viridans, although three, iu addition, 

was prodigiosum. The patient’s condition rapidly became critical. She 

C- bT ^^d sulfamerazine, was digitalized with intravenous lanatoside 

six Little change was noted until penicillin was stopped ; within 

the tim*^ subsided and the patient improved remarkably. It was thought at 

^ — _ ot this stormy period had been a manifestation of sensitivity to penicillin and in 


to strcptonu'cln found to have a high In vitro resistance to sulfonamide drugs 

tDone by Dr. Carl V. Moore. 
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an atteinxit to confirm this, intiavenous penicillin was again begun Oct. S, 10J5 (Fig. C). The 
patient was given 5,000,000 units for two ami one-half clays, but during tliis period she tie- 
veloped no fever nor any other signs of to.xicity. The drug was not continued because further 
veins could not bo reached, even witli surgical intervention. Continuous intramuscular injection 
could not be done because of local reactions, and it wa.s not feasible to give enough orally 
to effect the organism. 

During the last two months in the ho.'-pital, the patient appeared to improve despite the 
fact that she still had positive blood cultures. She was finally discharged, ambulatory, Oct. 22, 
1945. During her hospital stay she had received seven blood trnnsfusion.s, a high calorie 
diet, and added vitamins. 

Three months after discharge, the patient had gained weight, was maintaining essen- 
tially normal actimty, and was feeling well. 

0 





CP • ecl'M 

Fig-. G. 


Summary. — A 24 year-old woman without antecedent historv of rheumatic fever or 
heart disease was admitted to the ho.spital with subacute bacterial endocarditis due to Strepto- 
coccus -hirklans. Following lack of response to u«ual doses of penicillin and to simultaneous 
therapy with four sulfonamides, sho was given massive doses of penicillin. Although the bac- 
-toromia became less intense, it was not controlled, and the patient was discharged improved 
but with blood cultures still positive. 

Case 21. — This patient, a 22-year-old white married woman, entered the Barnes Hospi- 
tal Aug. 30, 1945, complaining of fever, anemia, weight loss, and pain in the back and legs- 
The patient gave no past history of definite acute rheumatic fever, although in her youth 
she had had episodes of pain in her legs. Until the onset of the present illness sho had been 
entirely unaware of any cardiac disease. She had been apparently well until the summer 
of 1944, at w-hioh time sho had had a tooth extracted; an abscess developed at the site of 
extraction and the patient felt poorly for several months, although she continued to be up 
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and about and took care of lior bou-cIm!<l dutio*-. Ton niontli^ before entry f-be developed r. 
swelling in tlic tip of her loft index fincrer, and a similar Ic-ion appealed in tbe right largo toe. 
Both sites were verv painful to touob but subz^ided in several weeks. In February^ lOI.Ij the 
patient bad a “nenous breakdown.'’ dining wliiob time she was apparently depressed. In 
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loeal phy^ician that she was anemic; she felt weak and became 
'’•cat to a l" tired. Bccau.=e of tbe development of severe pain in both flanks, she finally 
K'vcn pcnicilr^'*r t-be bad an infected kidney and a leaky heart. Bbe was 

■n or three days and then discharged. From that time on she became gradual! v 
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worse, and for a month before entry had not Been any doctor because of discouragement with 
previous treatment. For several day.-; before entry hero she had severe pain in botli legs, worse 
in the right. 

Physical examination on admission showed a temperature of 3S° C.; pulse, 120; respira- 
tion, 28; blood pressure, 92/00. The patient appeared in extremis. The skin was dry, there 
was marked wasting, and great numbers of petcchiae were seen over the extremities in the 
trunk. Many pctechiao were observed in tlfe' conjunctivae and the sclerae, and numerous fresh 
liemorrhages were seen in the optic fundi. Tho mucous membranes of the mouth likewise 
showed peteehiae. The neck was not stiff. The posterior cervical lymph nodes were enlarged. 
Examination of tho chest revealed medium and fine inspiratory rfiles over the left lower lobe, 
but the remainder of the chest was clear and there was no friction rub. The heart was en- 
larged wiOi-ia difluso apical impulse in the sixth interspace outside the mid-clavicular line. 
A presystofic thrill was felt at tho apex. The sounds were rapid and of poor quality except 
that the second pulmonic sound was accentuated. A harsh, loud systolic murmur could be 
heard at the apex and was transmitted to the axilla and over the entire precordium. There 
was also a rumbling mid-diastolic murmur at the apex. The abdomen was tense, but the liver 
edge could be felt 0 cm. below tho costal margin and was slightly tender. The spleen was not 
palpable. There was bilateral costovertebral angle tenderness. The fingers were clubbed. 
Bilateral ankle edema was noted. The right foot was cold and tho toes were blue. Both 
femoral arteries pulsated well, but no popliteal or dorsalis pulsations could be felt on 
the right. 

Tho laboratory data showed that tho red blood cell count was 2,800,000 with 7.5 Gm. 
of hemoglobin. The white cell count was 31,000, with a moderate loft shift in the differential. 
Tho urine showed a moderate amount of albumin and tho sediment contained from one to two 
red cell casts, 30 to -10 white cells, and 10 rod cells per high-power field. The Kahn test 
was negative. Three blood cultures taken at ten-minute intervals shortly after admission 
were all positive for Streptococcus viridans. Tho nonprotoin nitrogen was 30 mg. per cent; 
tho total proteins, 4.S Gm., with 2.5 Gra. of albumin and 2.3 Gm. of globulin. -An electro- 
cardiogram showed myocardial damage and sinus tachycardia. Following digitalization with 
intravenous digoxin thoro was partial heart block with prolonged A-V conduction, frequent 
blocked ventricular beats, and excess digitalis effect. Two sedimentation rates were within 
normal limits. 

Immediately after the blood cultures were obtained, intravenous penicillin was begun, and 
during the first hour the patient received 150,<)00 units (Fig. 7). A continuous intravenous 
drip was maintained, and she received approximately 1,000;000 units of the drug daily. Withui 
eleven hours after the institution of penicillin therapy the blood culture was negative, and 
during the remaining four days of life four other blood cultures were negative. The white 
count remained elevated. The venous pressure stayed within normal limits until the third 
of three blood transfusions was being given, at which time it rose and the transfusion had to 
bo discontinued. Despite the intensive therapy the patient developed new peteehiae and a left 
pleural friction rub was noted. She became stuporous and then comatose and died on the 
morning of Sept. 3, 1945. Her temperature never rose above 38.4° C. and terminally fell to 
a subnormal level. At the time of death she had received 4,150,000 units of penicillin. 

Summary . — A 22-year-old woman entered the hospital in extremis with overwhelming 
subacute bacterial endocarditis due to Streptococcus viridans and recent arterial embolization. 
Despite penicillin therapy which sterilized the blood stream within eleven hours, the patient 
died on the fourth hospital day. 

Case 25.* — This patient, a 17-year-old white single schoolgirl, was admitted to the 
Barnes Hospital for tho first time March 23, 1944, because of chills and fever of six days’ 
duration. At the age of 11 years she had had acute rheumatic fever and since that time had 
been known to have a heart murmur. She had had been quite well, however, until one month 
before entry, when her left ear began to drain. Aside from two transient episodes of pain 

•Reported through the courtesy of Dr. H. I* Alexander. 
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in the ear two weeks before entry, she bad had no other symptoms. Six days before admission 
she had several shaking chills and her temperature rose to 105° F. She complained of pain 
in the right hip and in the fourth linger of the left hand and felt weak and exhausted. She 
was admitted to a hospital where two blood cultures were said to show “diplococci resembling 
pneumococci.” She was given sulfadiazine and three blood transfusions but continued to have 
a high septic fever and to do poorly. She was transferred to the Barnes Hospital for further 
treatment. 

Physical examination showed a temperature of 40.8° C.; pulse, 122; respiration, 26; and 
blood pressure, 130/64. The patient was a well-developed, well-nourished young woman who 
appeared acutely and critically ill. She complained only of feeling “chilly.” Her skin was 
warm and moist; several petechiao were present on the hands and feet. Bloody crusts were 



Fiff. S. 


i 0 e in both nostrils. The lungs were clear. The heart was slightly enlarged to the left 
sou f interspace; the rate was rapid and the rhythm was regular. The second pulmonic 
^ un u as greater than the second aortic sound. A rough high-pitched systolic murmur was 
She\ lJ“t it was transmitted over all of the precordium. The tip of 

felt harely palpable at the costal margin. No other organs or masses were 

m t le abdomen. The remainder of the physical examination was not remarkable, 
hemo 1 revealed that the red blood cell count was 4,400,000 with 15 6m. of 

no 10,500, with a marked left shift. The urine showed 

entry ^ells. The blood Kahn test was negative. Two blood cultures taken on 

140 V * ' hemolytic Staphylococcus aureus, the maximal colony count being 

0 eentimeter. The organism fermented mannite and was coagulase positive, 
even- h second hospital day, penicUUn was begun in doses of 12,500 units 

our, t c drug was injected into the tubinff of a continuous intrarenons drip (Fig. S). 
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Oil tlie following diiy tlio close/ was clianged to 25,000 units every two hours and this regimen 
was continued for five days. The teniiioraf ure, which liad shown marked swings from 37.5 to 
•11° C., hegan to respond within forty-eight liours of the institution of penicillin tlierapy and hy 
tlie fifth day had fallen to normal limits. At tliat time administration was clianged to the in- 
tramuscular route and all sulisequent penicillin was given this way. Iluring the first two or 
three ho.spital days the patient continued to have embolic phenomena and an occasional red cell 
was found in the urinary sediment, but otherwi.se her hospital course was very uneventful. 
The temperature remained normal and the penicillin dose was gradually decreased so that 
in. the last four days she received only 5,000 units every three hours. All blood cultures taken 
after institution of penicillin thonipy wore negative and the patient left the hospital April 
2S, 194-1. She has been c.vceedingly well in the twenty-one months since discharge. 

Sitmmari /. — A 17-yoar-old girl with known rheumatic heart disease of six years’ dura- 
tion was admitted to the ho.spital with acute bacterial endocarditis due to hemolytic Slaphylo- 
coccus aurais. Sho was treated with relatively small doses of penicillin for twenty-six days 
and responded dramatically. She has remained well since discharge, twenty-one months ago. 

Acknowledgment is made to Aliss Brigitte AVally for preparation of the charts. 
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MAINTENAl^CB OF THERAPEUTIC BLOOD CONCENTRATIONS OP 
PENICILLIN FOR TWENTY-FOUR HOURS FOLLOWING SINGLE 
INJECTIONS OF PENICILLIN-BEESWAX-PEilNUT 
OIL illXTURES 

C^vpTxViN WiLULVM M. jM. Kirby, Captain Samxicl P. SL\rtin, 

Major William Leifer, and Lxeuten^vnt Colonel J. Murray Kinsjian 
jMedical Corps, Absiy of the United States 

T NTRAMUSCULAR injection of penieiliin-beesivax-peannt oil mixtures is one 
1 of the most promising methods so far described for prolongation of the action 
of penicillin in the bodyj Optimal results are obtained ivith mixtures contain- 
ing approximately 5 per cent beeswax and 300,000 units of penicillin per cubic 
centimeter.- Such mixtures are now available commercially. 

Ideally, it should be possible to administer an average day’s supply of 
penicillin in a single injection of a penicillin-beesivax-peanut oil mixture, with 
maintenance of effective therapeutic concentrations in the blood stream for a 
period of twenty-four hours. Unfortunately, this objective has not been at- 
tained with single intramuscular injections of 300,000 units (1 c.c.) of .penicillin 
in beeswax-peanut oil.^ In a series of patients studied in this hospital, assay- 
able levels were present for from eight to twenty-eight hours, but in approx- 
imately two-thirds of the individuals penicillin could be detected for no longer 
than twelve hours.^ The results were considerably better when the material was 
injected subcutaneously rather than intramuscularly, assayable levels then being 
present for twenty hours in two-thirds of twenty-five patients.® 

The purpose of the present report is to describe the results of assays of the 
blood performed every four hours for thirty-six hours following single intramus- 
cular and subcutaneous injections of 600,000 units (2 c.c.) of a commerciaRy 
prepared penicillin-beeswax-peanut oil mixture. After wanning the mixture 
in the incubator at 37° C. for from sixty to ninety minutes, 2.2 c.c. were aspirated 
into a 5 c.c. Luer-Lok syringe through a No. 15 needle ; a No. 17 needle was used 
or the injection into the tissues. Intramuscular injections were made in the 
upper outer quadrant of the buttock. Subcutaneous injections were made either 
over the insertion of the deltoid muscle, or along the lateral aspect of the thigh, 
over ying the fascia lata. The individuals used for the study were all healthy 
joung men suffering from acute gonococcic urethritis; twenty patients received 
e mixture intramuscularly and twenty subcutaneously (eleven over the deltoid 
^usc e and nine along the lateral aspect of the thigh) . As in the earlier studies, 
noted at the site of the injection for from twenty-four to 
^ houre and was less severe following subcutaneous than following 
injections. No other local or systemic manifestations of toxicity 
uo ind ^^5" especially be noted that with the subcutaneous route 

uration, nodule formation, or sterile abscesses occurred. It should bo 

Service. ASF Regional Station Hospital, Fort Bragg. N. C. 

«ccei\c<l for publication, Nov. 12. 1945. 
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emphasized, however, that the mixture must be injected well down into the sub- 
cutaneous tissue, since absorption is impaired and nodules may develop if the 
material is inserted into the skin itself. Penicillin assays were performed by the 
method of Kirby and Eantz.* 

Results of the assays are presented in Tables I and II. Only the levels 
obtained frow twelve to thirty-six hours after the injections are included; in 
about one-half of the patients assays Avere also made at one-lialf, one, four, and 


T.abi.e I. Blood Levels or Penicillin (Unit.s i-er Cunic Centi.metee) in Twenty Patie.yts 
Folloavinq Single Intr.amilsciilak lNjrcTioN.s or 000,000 Unit.s (2 o.c.) 
or A Penicillin-Beesw.vx-Peaniit Oil AtixTrr.E 
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Table II. Blood Lea'Els of Penicillin (Units der Cubic Centimeter) in Twenty Patients 
Following Single Subcutaneous Injections or 000,000 Units (2 c.c.) or 
A Penicillin-Beesa\l\x-Peanut Oil JIixtore 
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A 

.2 

.4 

.2 

.05 

0 

0 

0 

24 

5 

A 

.2 

.2 

.1 

.1 

0 

0 

0 

24 

6 

T 

.5 

.2 

.1 

,1 

0 

0 

0 

24 

7 

T 

2 

2 

.1 

.1 

0 

0 

0 • 

24 

8 

A 

.1 

.7 

.1 

,05 

.07 

0 

0 

28 

9 

A 

2 

2 

.7 

.2 

.1 

0 

0 

28 

10 

A 

o 

.2 

.4 


.04 

0 

0 

28 

11 

T 

.1 

.1 

.07 

.1 

.07 

0 

0 

28 

12 

T 

.7 

.2 

.5 

.1 

.1 

0 

0 

28 

13 

A 

.1 

.04 

.2 

.05 

0 

.1 

0 

32 

14 

A 

2 

.2 

.2 

.1 

.07 

.04 

0 

32 

15 

T 

.5 

.1 

.1 

.1 

.2 

.03 

0 

32 

10 

T 

.7 

.2 

.5 

.2 

.07 

.1 

0 

32 

17 

A 

.2 

.2 

.07 

0 

.07 

0 

.04 

36 

18 

T 

.7 

.2 

.4 

.1 

.1 

.1 

.05 

36 

19 

T 

.7 

.2 

.2 

.2 

.2 

0 

.04 

36 

20 

T 

.2 

.2 

.5 

.2 

.2 

2 

.2 

36 
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eight hours, -with results similar to those obtained in the earlier studies Avith 
300,000 units. jMcasurahle eoncentrations of penicillin were present for from 
sixteen to thirty-six hour’s following intramuscular injection and for from twenty 
to thirty-six hour’s following subcutaneous admirristratioir. The results follow- 
ing subcutaneous admirristratiorr were corrsiderably better, from the standpoirrt 
of prolongation of assayable blood levels, thair were those followiirg intramuscu- 
lar administration. Following irrtraglrrteal injectioirs, nine patients had measrrr- 
able concentratiorrs for rro longer thair tweirty hours, and in two of these the 
duration was only sixteerr hours. "With the subcutaneous route, orr the other 
hand, assayable levels were present for less than twerrty-forrr hours on only three 
occasions, and in noire of these was the duration less than tweirty hours. In 
other words, with the subcutaneous route, measurable levels were present for 
twenty-four hours or longer in 85 per cent of tlie patients, while with the intra- 
muscular route twenty-four-hour levels were obtained in only a little over one- 
half of the patients, or 55 per cent. Tire results nith subcutaneous administra- 
tion appeared equally as good, and possibly a little better, when the material 
was injected along the lateral aspect of the thigh than when it vras administered 
in the region of the deltoid. 

The height of the blood levels was much the same with both the subcutaneous 
and intramuscular routes. With the subcutaneous, eighty determinations ’were 
0-1 unit per cubic centimeter or higher, and eighteen ranged from 0.04 to 0.1 
unit per cubic centimeter, with the intramuscular route, sixty levels were 0.1 u. 
per cubic centimeter or liigher, and tliirteen varied from 0.04 to 0.1 unit per 
cubic centimeter. 


It is apparent, then, that in most instances effective therapeutic concentra- 
tions of penicillin are present in the blood stream for twenty-four hours or 
longer following single subcutaneous injections of 600,000 units of penicillin in 
Jceswax-peanut oil. Since absorption is equally good from the subcutaneous tis- 
•^ue of the thigh and the arm, many sites of injection are available in patients 
requiring prolonged treatment. From the height of the levels, it seems probable 
t lat most patients with infections can be treated successfully with a single daily 
'ujeetion. The fact that larger amounts of penicillin are required than -^vith 
penicillin in saline is of little importance in \-iew of the abundant supplies of 
penicillin now available and is more than compensated for by the convenience of 
leing able to administer an entire day’s treatment with a single subcutaneous 
injection. 


SU.UM.\RY 

therapeutic concentrations of penicillin are maintained in the 
inieer*' t^venty-foiir hours or longer following single subcutaneous 

ill" 600,000 units of penicillin in beesivax-peanut oil. Eesults follow- 

' inniuscular injections are somewhat less satisfaetorv than with the sub- 
rntaiioous route. 

's made of the adrice and as.^istance of Dr. Charles H. Eammelkamp, 
We a • ttespiratory Diseases. Fort Brag- X-. C. 
fhtance.' ''='t*=6ted to Mrs. Lenore H. Freyer and T/o Jewel M. Patton for technical as- 
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THE CONCENTRATION OF PENICILLIN IN THE SPINAL FLUID 
FOLLOWING INTRAilUSCULAR AD-MINISTRATION 
IN NEUROSYPHILIS 

A Negative Report 

Captain Lawrence I. KjVpe.vn, Lieutenant. Colonel Hilton S. Read, and 
!Major Frederic T. Becker, jMedic.vl Corps, ^vnd FmsT Lieutenant 
Charles F, Seyjiour, Sanitary Corps, of the United States 

T he excretion and persistence of penicillin in the spinal fluid under various 
conditions has been a question of considerable interest. In the early in- 
vestigation of the absorption, excretion, and distribution of penicillin, Rammel- 
kamp and Keefer^ found none in the spinal fluid of two normal adults after in- 
travenous injections of 10,000 units; one tested up to forty-five minutes after 
the injection, and the other up to 195 minutes. HcitcU® administered as 
much as 30,000 units of penicillin intravenously in a period of fifteen minutes 
to a patient who did not have any demonstrable lesions of the central nervous 
sj'stem and could not detect any penicillin in the spinal fluid removed thirty 
and sixty minutes after the injection. 

Penicillin injected intratheeally is slowly absorbed from the subarachnoid 
space and can be detected in the spinal fluid thirty-one hours later. More rapid 
absorption occurs from the spinal fluid of patients with meningitis, but the 
agent can stiU be found in significant amounts twentj-'four hours after intra- 
spinal administration. Because of the evidence that penicillin did not readily 
penetrate the barrier from blood to spinal fluid, Rosenberg and Arling,’ in a 
^arge series of patients with meningitis, utilized a combination of intrathecal 
■'vith intravenous and/or intramuscular penicillin therapy. However, they were 
among the first to suggest that, when penicillin would ultimately be prepared 
m a more concentrated and a more highly purified form, free from pyrogens, it 
®>ght be excreted into the subarachnoid space in sufficient amounts following 
mtramuscular or intravenous administration to justify the abandonment of 
mtratheeal therapy. Dawson and Hobby* mentioned that, although in normal 
persons little or no penicillin is excreted in the cerebrospinal fluid, detectable 
amounts may be found in the presence of active inflammation. No data support- 
'»g their statement was offered at the time. 

•In August, 1944, Rosenberg and Sylvester^ first reported detectable con- 
centrations of penicillin in the spinal fluid after intravenous and intramuscular 
a ministration in eight patients with meningitis. In these patients, penicillin was 
mi doses of from 20,000 to 40,000 Oxford units, and from 60 to 140 

penicillin was foimd in the spinal fluid in concentrations varying 

CenWr. Finney General Hospital, Thomas\-ilIc, Ga. 

Received for publication. Dec. 31, 1345. 
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from 0.03 to 0.35 unit per cubic centimeter. This report was the first to demon- 
strate that penicillin administered other than intrathecally, in adequate dosages, 
may be effective in the treatment of meningitis without necessitating the supple- 
mentary route of administration. Confirmatory results were published by Cooke 
and Goldring, “ whose observations Averc conducted on infants from 4 to 34 
months of age receiving relatively much larger doses of penicillin (from 500 to 
5,000 units per Idlogram of body weight) than usually given to adults. Nine 
patients were included in their study, five of whom had acute meningitis; three, 
acute nephritis; and one, acute pericarditis. All were given penicillin intra- 
muscularly, except one patient who received an intra])critoncal injection In four 
of the nine patients, from 0.1 to 0.4 irnit of penicillin per cubic centimeter was 
found in the spinal fluid from fifteen minutes to one hour after the intramuscular 
injection. All of these patients had acute meningitis. In the one patient given 
penicillin intraperitoneally, 0.2 unit per cubic centimeter was found four hours 
after the injection. These observations illustrated that, Avhen relatively larga 
doses of penicillin ai’c given intramuscularly, the drug luaj' be found in the 
spinal fluid within fifteen minutes to one hour but tends to disappmar after one 
and one-half hours. 

In spute of the fact that penicillin has been actively used in the therapy 
of neurosyphilis during the past few years, there have been no published reports 
of studies on its excretion in the spinal fluid in patients so treated. If inflam- 
matory changes, such as those existing in cases of meningitis, are responsible 
for the increased penetration of penicillin into the spinal fluid, it rvould not 
seem too unlikely that in neuro.syphilis, with its various combinations of 
meningeal, vascular, and parenchymatous central neiwous system changes, 
similarly increased concentrations of penicillin might be obtained and the neces- 
sitj’ for cumbersome intrathecal administration avoided. There is, of course, also 
the possibility that since neurosyphilis is belicA’cd by many to be primarily a 
vascular disease, the penetration of pjcnicillin through the blood-spinal fluid 
barrier may not actually be necessary. 

In an effort to determine whether pAcnicillin significantly, penetrates into the 
spinal fluid in neurosyphilitic patients with different spinal fluid syndromes, this 
study was undertaken. 

MATERIAL AND METHOD 

The routine course of therapy at this neurosypihilis center from May to 
November, 1945, consisted of the simultaneous administration of therapeutic 
malaria and 3,600,000 units of penicillin OA'er a period of fifteen days. Penicillin, 
in doses of 30,000 units, Avas injected intramuscularly every three hours, day and 
night, until a total of 120 injections had been given. This therapy Aims not be- 
gun until the patient developed his first elcAmtion of temperature above 102° F- 
from the malaria infection. TavcIvc patients Avere included in the study, and a 
total of tAventy-five obseiwations Avas made. Since the degi-ee of immlvemcnt 
of the central nervous system in neurosyphilis conceivably has an effect on the 
concentration of penicillin in the spinal fluid, cases of both asymptomatic and 
sjnuptomatic neurosyphilis (meningovascular, tabes dorsalis, and dementia 
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paralytica) ivero included. Similarly, since the active meningeal inflammation, 
as in the previously reported cases o£ bacterial meningitis, probably greatly in- 
fluences the distribution of the drug, both active (elevated cell coimts) and 
inactive spinal fluid syndromes yere chosen for the investigation. Specimens of 
blood, spinal fluid, and ui’ine ivore obtained for penicillin assay at different 
intervals from 10 to 150 minutes following the intramuscular injection of 30,000 
units. Most of the patients had previously received between 1,800,000 and 
3,510.000 units before those observations were recorded. 

Method of PcniciUin Assay . — 

Materials Used: Sterile saline; steiale pipettes (0.1 c.c. and 1 c.c.) ; 
chemically clean Wassermann and Loefiier’s tubes; stock solution of penicillin 
(10,000 units per cubic centimeter) ; Wassermann racks; sterile brain-heart in- 
fusion broth (4 c.c. per tube); a laiomi sensitive organism (Staphylococcus 
aureus hcmohjticus) — a broth suspension of approximately 600,000 per cubic 
centimeter was used as the inoeulimi. 

Determination of the Oryanism Sensitivity: Tliirteen tubes of sterile 
brain-heart infusion broth were placed in a rack. Penicillin was added to each 
tulle in the amounts shown in Table I. 

Table I 


TUBE 


PEXICILLIX (nXlTS) 


1 


0.15 

2 


0.20 

3 


0.25 

4 


0.30 

5 


0.40 

6 


0.50 

7 


0.60 

S 


0.80 

9 


1.0 

10 


1.5 

11 


2.5 

12 


5.0 

13 


Xone 


Control 


Each tube was inoculated with 0.1 c.c. of a broth suspension of Staph. 
and incubated for twenty-four hours at 37° C. The organism was foimd 
0 le ^sensitive to 0.25 unit of penicillin. 

^ I roccdure: Ten tubes of sterile brain-heart infusion broth were placed in 
a i-ae Tlie liody fluid was added to the tubes in the amounts shown in Table II. 



Table II 


body fluid (c.c.) 

0.1 

0.2 

0.3 

0.5 

O.S 

1.0 

1.3 

1.0 

2.0 

Xone Control 


320 


KAPLAN, READ, BECKER, AND SEYMOUR 


Each tube was inoculated with 0.1 c.c. of broth suspension of Staph, aureus. 
The racks were incubated for twenty-four hours at 37° C. The raclcs were re- 
moved at the end of incubation and read. The tube which contained the smallest 
amount of body fluid and contained no growth' Avas taken to indicate the amount 
of penicillin present. (Example: No growth in Tube 4; therefore, 0.5 c.c. of 
body fluid equals 0.25 unit of penicillin; 1 c.c. equals 0.5 unit.) 

Table III. Penicillin Concentbation in Body Fluids Following Intkamuscular 

ADMINISTB-ATION in NEUROSA'I’IIILIS 


NUMBER 

CEREBROSPINAL OF 

FLUID MINUTES 

CELL AFTER 


CASE 

CLTKICAL 

PIAGKOSIS 

COUNT TOT. 1 VL 

(per protein 

C.MM.I (MG. %) 

WASS. 

30,000 

UNITS 

I.M. 

BLOOD spinal 

SEHUM FLUID URINE 
(CONC.*) (CONC.) (CONC.) 

1 

Asjinptomatic 

51 

28.0 

-f0.2u 

GO 

— 

-.25 

— 

o 

Tabes dorsalis 

0 

40.0 

+0.5 

90 

— 

-.25 

— 

3 

AsjTiiptomatic 

10 

38.5 

+0.25 

30 

-.25 

-.25 

— 

4 

Asymptomatic 

1 

23.0 

+0.5 

150 

-.125 

-.125 


5 

Asymptomatic 

3 

45.0 

+0.5 

120 

-.25 

-.125 

— 

G 

Asymptomatic 

3 

19.0 

+0.5 

60 

— 

-.125 


7 

Meningoyascular 

1 

45.0 

+0.1 

30 

— 

-.125 

— 

s 

Dementia paralytica 

40 

04.0 

+0.1 

100 

— 

-.125 

— 

8 

Dementia paralytica 

46 

64.0 

+0.1 

20 

+.7 

-.125 



S 

Dementia paralytica 

40 

64.0 

+0.1 

45 

+1.0 

-.125 



8 

Dementia paralytica 

4G 

64.0 

+0.1 

70 

— 

— 

+2.5 

9 

Aleningoyascular 

9 

45.0 

+0.5 

60 

— 

-.125 

, 

9 

Aleningoyascular 

9 

45.0 

+0.5 

10 

+.G 

-.125 


9 

Meningoyascular 

9 

45.0 

+0.5 

40 

+1.3 

-.125 


9 

Meningoyascular 

9 

45.0 

+0.5 

05 

— 

— 

+2.5 

10 

Asymptomatic 

25 

92.0 , 

+0.1 

90 

— 

-.125 

— 

10 

Asymptomatic 

25 

92.0 

+0.1 

50 

+.7 

-.125 



10 

Asymptomatic 

25 

92.0 

+0.1 

70 

+1.3 

-.125 

— 

10 

Asymptomatic 

25 

92.0 

+0.1 

85 

— 

— 

+2.5 

11 

Asymptomatic 

1 

23.0 

+0.25 

40 

+.7 ■ 

-.125 

— 

11 

Asymptomatic 

1 

23.0 

+0.25 

05 

+1.0 

-.125 



11 

Asymptomatic 

1 

23.0 

+0.25 

so 

— 

— 

+2.5 

12 

Asymptomatic 

G4 

38.0 

+0.1 

30 

+.7 

-.125 



12 

Asymptomatic 

G4 

38.0 

+0.1 

55 

+1.0 

-.125 


12 

Asymptomatic 

G4 

38.0 

+0.1 

75 

— 

— 

+2.5 


“Cone., Concentration of penicillin in body fluid. For example. +.7 indicates presence of 
penicillin in .7 unit per cubic centimeter; —.125 indicates no penicillin within the limits 01 
sensitivity of the tests employed (less than .125 unit per cubic centimeter). 


This technique would detect a penicillin concentration as low as 0.125 imit 
per cubic centimeter. In Table III, a plus sign before the recorded concentration 
indicates the presence of the drug in that amount. A minus sign before the ob- 
servation indicates that no penicillin was detected in the concentration tested. 
Body fluids from an untreated patient ivere used as negative controls. Body 
fluid treated ivith the stock penicillin wms used as positive control. This pro- 
cedure Avas applicable to urine, blood, and spinal fluid. The assays Avere done 
immediately after the collection of specimens. 

RESULTS AND DISCUSSION 

Of the twelve patients included in this investigation, eight had asymptomatic 
neurosyphilis and shoAved Amrious degrees of inflammatory spinal fluid aetiAdty 
represented by elevated cell counts from 1 to 64 cells per cubic millimeter. 
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Two were patients ivitli meningovascular neurosypliilis, manifested by several 
mild neurologic changes, including abnormal pupillaiy reactions, liyperaetiie 
deep tendon reflexes, and bizarre motor or sensory changes. One patient with 
tabes dorsalis and one ivitb dementia paralytica were also studied. Un- 
fortunately, no patients with acute syphilitic meningitis, similar to the acute 
syndromes previously" reported, came under treatment during the course of this 
analysis. At any rate, the different degrees of central nciwous system involve- 
ment studied represented a series of cases more typically" encountered in the 
penicillin treatment of neurosyphilis. 

In Table III are listed the results of penicillin assay" on spinal fluid, blood 
serum, and urine at inteiwals vary'ing from 10 to 150 minutes following the 
intramuscular injection of 30,000 units. Several observations on the same 
patient indicate a serial study, in which the lumbar puncture needle was left 
in place, and spinal fluid specimens removed, at the intervals noted, simul- 
taneously with the removal of blood. In several of the earlier cases studied, 
only single specimens were obtained. The re.sults indicate that penicillin, within 
the limits of sensitivity of the assay" test (0.125 unit per cubic centimeter), could 
not be detected in the spinal fluid in any of the patients. The reports of 
penicillin concentration in the spinal fluid of patients with meningitis were 
based on approximately the same imit sensitivity. 

It has been previously emphasized that the usual methods employ'ed in 
studying the absorption or excretion of penicillin are rather crude, since the 
selection of the procedure, in which the killing pow'er of blood or other fluids con- 
taining penicillin is determined against the test organism, may give information 
of practical value in estimating the higher levels of the drug in that fluid but 
give no information regarding the biologic actmty of material containing only 
traces of penicillin, ilost investigators believe that this activity is very con- 
siderable and of great importance. It has, for example, been showm that 
penicillin induces a profound change in the morpholo^ and growth of hemolytic 
^reptococci in dilutions as high as one part in a billion, far beyond the zone of 
emonstrable bactericidal or bacteriostatic properties. It has y'et to be de- 
termined whether these changes are of clinical significance. 

th _®^cellent results reported with the use of intramuscular penicillin 
crapy in patients W"ith acute syphilitic meningitis' warrant further study" to 
in whether concentration is greater in these patients or whether penicillin 

m th adequate amounts, but not detectable by ordinary’ assay" 

sho iu the spinal fluid. Since definite improvement has been 

niany other patients with neurosyphilis^' ° after intramuscular 
flic hi the real possibility that tlie excretion of penicillin through 

disea °° fluid hairier may not be necessan" for its proper action in this 

itilratr difficulties and -occasional complications following the 

iustif •administration of penicillin have resulted in increasing efforts to 
^ ^ Ruannistration hy" the intramuscular route in patients with neuro- 
1 IS requiring prolonged and intensive therapy. 
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SUMMARY 

Penicillin was administered intramuscularly in doses of 30,000 units to 
twelve subjects with ncurosyphilis. Patients M'ith asymptomatic ncurosypliilis 
with varying degrees of spinal fluid cellular activity, meningovascular neuro- 
syphilis, tabes dorsalis, and dementia paralytica were included in the study. 
Examination of the spinal fluid in these patients 10 to 150 minutes following 
injection did not reveal the presence of penicillin within the limits of the te.st 
employed (penicillin less than 0.125 unit per cubic centimeter). 

Since beneficial results often follow the use of intramuscular penicillin 
in neurosyphilis, the drug may penetrate the spinal fluid in therapeutically 
effective amounts, not detectable by the methods employed, or penetration may 
not be necessary in a disease which is essentially vascular in nature. 

Similar studies in patients with acute syphilitic meningitis may be of 
interest. 
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PLAC4UE ; TREATMENT OF EXPEEBIENTAL ANBEVLS WITH ' 
STREPTOMYCIN, SULFADIAZINE, AND SUN^FAPYRAZINE 

N. E. ’Wayj^ox^ and Margaukt C. JIcMAiioxt 
Sax Fraxcisco, Cauf. 


T he difficulties udiicli attend the prevention and the successful treatment 
of plagiie stiimdate continued studies of the therapeutic value of new drugs 
as they are developed. In 194P we reported our results of treating experi- 
mental animals with sulfadiazine after the animals had deA'eloped plague. 
Ilornibrook' conducted preliminary tests in this laboratory with streptomycmi 
in the treatment of Avhite mice which were inoculated subcutaneously with 
Pasteurclh pesfis and concluded that it had therapeutic value under the circum- 
stances of his experiments. 

This report is a record of further investigations to evaluate streptomycin 
in the therapy of plague induced in mice and guinea pigs b\' inoculation and 
in guinea pigs Avhieh were infected by the bites of infectious fleas and to make 
comparisons of the results obtained by the use of this drug, and by sulfa- 
diazine or sulfapjTazine. 

METHODS 


Mice Aveighing approximately 20 grams each were selected from an inbred 
'vhite Swiss colony. The guinea pigs were from dealer’s stocks but had been 
under observation long enough to detenuine that they were healthy; those chosen 
"’cighed about 400 grams eacli. Plague was induced by inoculation in both mice 
end guinea pigs and by natural transmission through fleas to guinea pigs. The 
strain of Past, pestis in the inoculum was one which had been isolated during 
fl'e year from the sputum of a patient who had pneumonic plague and had 
hcen maintained on blood trj-ptose agar. The A-imlence of Past, pesfis for these 
eninials had recently been proved, and it was freshly isolated from an infected 
Wouse immediately prewous to the commencement of each series of experiments. 
‘ treptomycin Avas dissoh-cd in physiologic saline solution in concentrations 
^fliieh permitted a variation of the dose in a constant A'olume of 0.2 c.c. for mice 
and 1.0 e.c. for guinea pigs. Tiie drug Avas giA'en subcutaneously. The sodium 
s of the sulfa drugs aa-ci-c similarly prepared and injected snibcutaneously in 
■ ’ng doses in mice and 100 mg. doses in guinea pig.s, as the initial dose to 
'ca nient Avith the respective sulfa compound. The sulfa compounds Avere 
siispcnded in acacia Avitli double the dose of sodium bicarbonate and administered 
0 1 C mice by mouth through a sA'ringe. The guinea pigs receiA*ed the com- 
, — and .soda by mouth in capsules or in a suspension in acacia. 


•Anii''^'! 5. 1945. 

Unitrd St.ntes Public Health SerA'ico. 

IT^ni-sh States Public Health SerA-ice. 

[’"'.v. Ino. ''Vf'iv villus’ll. Py- m.F. Robertson. Assoeiate Medical Director of Merck t Com- 
'1' loileity to lAii ■ 1 • ; "■"<’, al.so fumi.shed records of experimental determinations of 

stated periods* 'Animals and information concerning the dose tolerance of the animahs 
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Many of tlie mice recovered \mder the treatment adopted vith each drug.' 
It seemed evident, however, that large nnmber.s or many lots would be re- 
quired to OAmrcome the practical difficulties inherent in the use of these ani- 
mals. They exhibit no clinical changes Iry 'which the infection can be detected 
readily, and bleeding them from the heart often causes irreparable damage. 
Furthermore, it is often impracticable to repeat all the conditions prevailing 
in tests on each of many lots. On the other hand, the guinea pig is very sus- 
ceptible to plague, and one can easily obtain good clinical evidence of infection 
after both inoculation and flea transmission. It seemed desirable, therefore, 
to attempt to confirm in guinea pigs the re.sults obtained in the mice before 
making any appraisals of the therapeutic value of the drug. 

TEST.S ox IXOCUD-VTCD GUINEA PIGS 

The guinea pigs were tested in pairs. Treatment was given to the sicber 
of the two from forty-eight to seventy-two hours after inoculation, and the 
other animal served as a control. A rise in temperature above 39.3° C. and/or 
the development of a bubo in a lymph node adjacent to the site of the intra- 
cutancous inoculation on the abdomen was regarded ns evidence of infection. 
Animals were discharged after they had survived for twenty-one days after 
inoculation or for ten days after apparent recovery. 

Five guinea pigs were each given from 20,000 to 26,000 units of strepto- 
mycin in 2,000 unit doses twice daily for six days and seemed to be recovering. 
Their temperatures had fallen to within a normal range and the buboes had 
decreased in size. Treatment was stopped. Forty-eight hours later all had 
either a rise in temperature or an increase in the size of the bubo. Two had 
developed a bacteremia. Treatment was repented and during the following 
live to six daJ^s each received from 22.000 to 32,000 units and again appeared 
to have recovered. Ten days later, at necropsy, one animal had a soft purulent 
bubo from which Past, pcstis was isolated. The others had some -induration in 
aud about the lymph nodes, but microorganisms were not obtained by cultural 
methods. The five controls died with plague within twelve days after inoculation. 

Tests were made hourly on the blood of foui' guinea pigs Avhich were given 
a single dose of 1,000 or 2,000 units of streptomycin in saline, or peanut oil, 
to determine the blood level of the drug. I'hc method of Eandall and asso- 
ciates^ for the determination of amounts of penicillin in the blood was used. 
No streptomycin -was found after three hours. 

In a second experiment, nineteen pairs of guinea pigs were inoculated 
intracutaneously, and treatment -with streptomycin ivas started from forty- 
eight to seventy-two hours later on one-half of them after fever and buboes 
had developed and a blood culture had been made on each.. An initial dose 
of 3,000 units was followed by 2,000 unit doses repeated twice at intervals of 
two hours and thereafter at intervals of four, six, and eight hours through 
ninety-six hours. Treatment was then stopped, and three animals had a rise 
in temperature. Therefore all -were given 2,000 units three times daily until 
apparent recovery from three to eight days later. The total amounts given 
■"dividual animals varied from 39,000 to 72,000 units. All survived twenty- 
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five clays from date of inoculation, althongli four had a bacteremia before 
treatment. Eleven showed no evidence of plague at necropsy. Seven had 
purulent buboes and one which had had a bacteremia had both a bubo and 
some lung lesions. Past. j)cstis was isolated from all the buboe.s and the lung 
lesion. Eighteen controls died rvith plague evithin nineteen days after inocu- 
lation. The survivor had no evidence of plague at necropsy on the twenty- 
fifth day, although it had had both fever and a bubo. The range of the 
amounts of the drug used primarily and with recurrences, and the results 
obtained in the animals, are chaided in Table II. Examples of the different 
tj-pes of the temperature curves are shown in Fig. 1. 

Five normal guinea pigs were each given streptomycin in amounts and 
dosage similar to those used in the test animals and appeared normal when 
examined at necropsy on the twenty-fifth day after their first dose. 

Guinea pigs apparently tolerated the therapy well and recovered from 
plague under it even though they had developed a bacteremia before it was 
started. However, recovery did not occur as promptly as it did with the use 
0 sulfadiazine in the tests previously imported.^ 


TESTS ox GUIXEA PIGS EXPECTED BY FLKA TRAXSJI 15 SI 0 X 

Flague is primarily a disease of rodents, and its mode of occurrence in 
I a ure can be reproduced in the laboratory under controlled conditions by 
e ites of infected fleas. Thus, tests can be made of a therapy in the disease 
aeqmred in a natural manner and should afford a better evaluation of it and 
e possibilities of its application in eases in human beings. 

Foiir experiments were made with 106 guinea pigs which were infected with 
inf^r } the bites of fleas (Xcnopsylla clieopis) that had been proved to be 
ectious, after feeding on a mouse artificially infected, with the strain of Past. 
dir'*^ used. The general conditions, administration of the drugs, and 

811 ) 1 ^ 1 therapy and control were carried out as closely as pos- 
of previously used. Treatment was started when the clinical evidence 

\ 1 seemed assured, usually from three to five days after the flea bite, 

culture was made of each animal at this time. 

fiiree^lrTnl streptomycin in 2,000 unit doses given 

parent reeoverv™'^%i ? accordance with their clinical responses, until ap- 
fourtcend-, 7 i treatment extended for from eight to 

Five Inrt different individuals received from 46,000 to 92,000 units 

"lueli tfme again treated for from two to eleven davs, durinu 

«« a to 57,000 units. Two had a seeing rocun 

Fourto ™ ® to eight 

P'cn e.\annned ^ ^ays after their clinical reeoverv- and were 

'^“0 died of .if Two had soft buboes containing viable Past, pestis. 

plague durino- + 1 ^^ pneumonia after having apparently recovered from 

a I'aetercmin ^ivi series of treatments. Six of the fourteen survivors had 

'^'<?d with started. There were twelve controls and all 

P > gue within ten days of the development of clinical findings. 
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plague: treataient avith 


STREPTOMYCIN, SUIjFADI:\ZINE, SULFAPYRAZINE 



1-— Tj'pes of fever charts of guinea pigs infected with plague and treated wath 
contr ” ■ snifadiazine ; sulfapyazine ; streptomycin and sulfadiazme; and of imtreated 
nirois. (Fever charts were made of every guinea pig.) 

c. Curves of 87 per cent streptomycin; B, curves of 60 per cent sul- 
curves of 93 per cent sulfadiazine: E, curves of 30 per cent sulfapyrazine ; 
per cent sulfadiazine and sulfapyrazine: G_, curves of five verj- sick with bac- 
andeuUadiazln with streptomycin, one with suKapyrazine, one with streptomycin 

Control*: A to G, Tj-pes of various curves which occurred. 
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Fifteen were given sulfadiazine in 100 mg. doses once or twice daily for 
from six to fifteen days, after which no further treatment was indicated. The 
total amounts given individuals varied from 500 to 3,700 mg. AH received an 
initial dose of 100 mg. of the sodium salt. Fourteen survived for from t^venty 
to thirty-one days and showed no evidence of plague at necropsy. One died of 
plague on the second day of its treatment. This animal and six others had a 
bacteremia before treatment was commenced. There were fourteen controls and 
thirteen died within fifteen days after infeetion. The survivor did not have 
plague at necropsy on the twenty-fourth day, although it had previously had 
a large soft bubo. 

Sixteen were treated with sulfapyrazine, and individual animals received 
from 500 to 8,000 rag. in 100 mg. doses given once or twice daily for from four 
to eighteen days. All were given an initial dose of the sodium salt, and seven 
received from 100 to 200 mg. additionally. Ten survived for from twenty to 
thirty-one days; four of these had buboes containing viable Past, pestis at 
necropsy. Five died of plague between the fourth and tenth day and one on the 
eighteenth day with extensive lung lesions, after havdng apparently recovered. 
Six of the lot had a bacteremia befoi'e they were treated. Fifteen of the sixteen 
controls died of plague between the third and sixteenth day after infection. One 
survived twenty-five days and did not have plague at necropsy although it had 
clinical findings previously. 

Ten were treated with both streptomy^cin and sulfadiazine. The dosage was 
the same as that used with the single respective drug. Individual animals re- 
ceived amounts of from 18,000 to 26,000 units of streptomycin and from 1,000 
to 2,000 mg. of sulfadiazine during periods of from five to eleven days. Two 
animals had a clinical recurrence and were given, respectively, 900 and 2,400 
mg. of sulfadiazine in the course of from two to seven days. All the animals 
survived for from tw'enty to twentjMiine days, and eight did not have plague 
when examined at necropsy. Two had soft buboes containing viable Fast, 
pestis. Three had a bacteremia before treatment. There "were eight controls 
and seven died with plague from four to twelve days after infection. One sur- 
vived twenty days and at necropsy had a soft bubo containing viable Past. pesUs. 
The number of animals treated, the amounts of the drugs administered, the 
recurrences, and the survivals or deaths of animals are charted in Table IH- 
Examples of the temperature curves are shown in Fig. 1. 

COMMENT 

These experiments indicate that streptomycin has definite value in the 
treatment of white mice and guinea pigs after they have been infected with 
plague. It seems, however, to have less value in the treatment of mice which 
have developed a bacteremia than in the treatment of guinea pigs. The 
amounts and dosage of the drug seemed to be well tolerated by the animals 
for the periods of treatment. Among both the inoculated and the naturally 
infected guinea pigs there were a number of clinical recurrences after the 
animal had apparently recovered. It is possible that the recurrences may he 
corrected by the adoption of different methods of administration or of amounts 
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and timing of tlie dosage, since it appears that the drug remains in the blood 
stream for a very short period. In several instances, a soft purulent bubo 
remained after the apparent recovery of a guinea pig treated by streptomycin 
or by another of the drugs. In the light of experience with plague in rodents, 
it may he assumed that most of such animals had recovered and that the bubo 
would have healed and the microorganisms would have been eliminated vdth- 
ont further therapy. 

The results of the treatment of guinea pigs with sulfadiazine are confirma- 
tory of those previously reported by us. Although sulfadiazine appeared to 
bring about recovery more promptly than did streptomycin, it does not seem 
that comparison of the two is justified because of the reasons previously 
expressed. 

The use of a combination of streptomycin and sulfadiazine in treatment 
does not seem to add to the effectiveness of either. Sulfapyrazine offers no 
advantages over sulfadiazine. , 

The difficulties of appraising the progress of plague in white mice, and the 
rapidity with which they develop bacteremia and die, necessitates the use of 
many lots of animals unth the probabilities of the introduction of different 
conditions while making an adequate test of a therapy. For these reasons it 
is believed that remedies to be used in plague should be tested on other animals. 


SUMMARY 

1. Three hundred and thirty-four white mice were inoculated ■with plague, 
and one-half were treated in groups uith different amounts and varying dosage 
of either streptomycin, sulfadiazine, or sulfapyrazine. The other one-half were 
used as controls. Under the treatment schedules finally adopted, from sixteen 
to eighteen survived among each lot of from eighteen to twenty’', while all the 
corresponding controls died vith plague. 

2. Forty-eight guinea pigs were likewise inoculated, and one-half were 
treated with streptomycin in two groups after clinical e\ddence of infection had 
developed. All survived, but eight had residual buboes at necropsy. Twenty- 
three controls died TOth plague. 

3. One hundred six guinea pigs ■were infected through flea transmission. 
After the disease was evident clinically’-, fifteen were treated with streptomycin 
and fourteen survived ; fifteen received sulfadiazine and fourteen sur-wived ; ten 
received both these drugs and all survived ; sixteen received sulfapyrazine and - 
ten survived. Six among all the survivors had residual birboes at necropsy- 
Three sur-vived among fifty controls divided among the four lots treated. 

4. Clinical recurrences appeared frequently under the treatment schedules 
used with streptomycin and sulfapyrazine but not rvith that of sulfadiazine. 


"We wish to thank Cleon "W. Abbott, Medical Toelinician, for the technical assistance 
given. 
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THE EFFECT OP GOLD CHLORIDE ON PLASI^IA ASCORBIC ACID 

IN THE RAT 


Rayjiund L. Zwemer, PhD., akd Herbert Blftsian, Ph.D. 

New Tore, N. Y. 

•^HE complications which so frequently attend the clinical use of gold com- 
i- pounds suggest the value of investigating the effect of such substances on 
experimental animals. In the present series of experiments, gold was em- 
ployed in one of its simplest forms, yellow gold chloride. It was administered 
by intraperitoneal injection of 0.5 per cent aqueous solution. The rats used 
were of the Long-Evans strain and were fed a modified Steenbock diet. 


TOLERANCE TO GOLD CHLORIDE 

To determine the tolerance of the rat to yellow gold chloride, graded single 
OSes were given to a series of rats and the survival time was noted. The re- 
^ts are recorded in Table I. To facilitate comparison with other gold salts, 
e dosage is given in terms of milligi’ams of gold per kilogram of body weight 
0 e animal rather than in milligrams of gold chloride. 

Smgle doses smaller than those listed in Table I were not lethal. With a 
osage of 20 mg. of gold per kilogram, a rat weighing 215 grams tolerated 
ny mjections for five days, dying on the sixth day. These results may be 
mpare with those of Cortell and Richards,^ who employed intramuscular in- 
of Ti ^ found a minimum lethal dose of approximately. 13 mg. 

gold per kilogram for gold sodium thiosulfate, while 37 mg. of gold per Mlo- 
■ bolerated if administered in the form of gold sodium thiomalate. 

gold tT results, it was concluded that a dosage of 15 mg. of 

tratinn^f would be suitable for the repeated intraperitoneal adminis- 

^as fon^d chloride to rats. In the course of the chronic experiments, it 
a rat ttJi- n increase in tolerance had developed. This is illustrated by 
m'' OPT- injections of 15 mg. of gold per kilogram, five of 20 
O^two kilogram before succumbing, 

cf ''Old np sundved eleven and the other thirteen doses of 20 mg. 

resjectivelv T^iT’ previously received fourteen and nine doses, 

'Chloride Mogram. This increase in tolerance to gold 

deported development of tolerance to gold sodium thiosulfate 

‘ CorteU and Richards.* 

"lent, the^aitrr^^f three days of treat- 

thev Following this loss, how- 

i'en day for'iL gammg_ weight, the average increase being 2.0 grams 

grams per d^v r Id mg. of gold per kilogram, compared with 2.4 

controls. Increasing the dosage of gold decreased the 

' ^'rhls in\ ot Anatomy, College of Physicians and Surgeons. Columbia Unl- 

nocoi "cd''for'puMi^Oon!“ ’^''^'^'^atlon. 


333 



334 


ZWEMEB AND ELETMAN 


Table I. Survival Tixie After SiNaM Intraperitoneal Doses op Gold Chloride 


weight of rat 
(GM.) 

DOSE 

(MG. GOLD KG.) 

SURVIVAL TIME 
(HR.) 

125 

50 

2 

175 

40 

5 

202 

30 

7 

186 

28 

8 

178 

25 

15 

190 

25 

40 

187 

23 

51 


growth rate. The figures given do not include the terminal period of exist- 
ence, during which abdominal distention followng renal failure frequently 
occurs, together with a marked loss in weight. 

plasma ascorbic acid op gold-treated bats 

The effect of gold chloride administration on the level of ascorbic acid in 
the plasma was determined in two series of rats. In the first experiment, the 
ascorbic acid was determined from samples of blood drawn two days after the 
last injection of gold chloride. The determinations of ascorbic acid were made 
by the method of Farmer and Abt" ; the data are given in Table II. 

Although the results of this experiment definitely indicate a decrease in 
the ascorbic acid content of the plasma of the rats receiving gold chloride, it 
was thought advisable to repeat the experiment, obtaining initial ascorbic acid 
values for some of the experimental animals. The major portion of this ex- 
periment was tei’minated at the end of two weeks, but two of the experimental 
animals .were kept until the end of five weelcs. During the first two weeks, 
each rat received nine intraperitoneal injections of 15 mg. of gold per kilogram. 
The two animals kept under treatment during the following three weeks re- 
ceived, in addition, five injections of 15 mg. per Idlogram and eight of 20 mg. 
per kilogram, the total administered during the five weeks being 370 mg. of 
gold per kilogram. The decrease in plasma ascorbic acid in the gold-treated 
rats is shown by Table III. Death interv'ened due to the effect of the gold on 
the kidneys before definite scorbutic symptoms were observable. 

Similar results were obtained in preliminary experiments on guinea pigs- 
In two guinea pigs receiving seven injections of 10 mg. of gold per kilogram 
during a ten-day interval, the plasma ascorbic acid dropped from 0.6 and 0.5 


Table II. Plasma Ascorbic Acid op Gold-treated Eats; Pirst Experiment: Gold 
Chloride Administered Daily; Plasma Ascorbic Acid Determined Two Days 
After Last Dose of Gold Chloride 


TREATMENT 


TOTAIi GOLD 
(MG. KG.) 

final plasma 
ascorbic acid 
(ua-^o) _ 

Average of 11 controls (range of ascorbic acid. 

0 

1.04 

0.78 -1.32 mg. %) 




Seventeen doses of 2.0 mg.Ag- 


34 

0.82 

Pive doses of 0.6 mg./kg. and eleven 

doses of 

47 

0.82 

4.0 mg.Ag- 




Six doses of 1.3 mg./kg. and eleven 

doses of 

107 

0.66 

9.0 mg./kg. 



• 

Seven doses of 7.5 mg./kg. 


53 . 

0.49 

Seven doses of 10.0 mg./nkg. 


70 

0.49 _ 
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Table in. Plasma Ascorbic Acid of Gold-treated Eats; Second Experiment 



1 PLASMA ASCORBIC ACID (MG. %) 


1 INITUli 

1 2 WK. 1 

5 WK. 

Controls 

1.32 

0.67 


0.78 

0.57 

0.75 

Gold-treated rats 

1.16 

0.26 

0.13 



0.38 

0.28 

1.09 

0.33 


1.01 

0.46 



0.41 


1.01 

0.27 


— 

0.39 



During the first two weeks nine doses ot 15 mg. gold per kilogram were given ; the two 
which were kept for five weeks received five additional doses of 15 mg. gold per 
kilogram and eight ot 20 mg. gold per kilogram. 


mg. per cent to 0.0 mg. per cent. The control showed 0.8 mg. per cent of 
plasma ascorbic acid at the beginning of the experiment and 0.5 mg. per cent 
^ter ten days. Data from such a small number of animals are significant only 
m that they indicate that the reaction of the guinea pig to gold chloride is 
similar to that of the rat. 

COMMENT 

The depletion of the plasma ascorbic acid of the rat by the administration 
of gold chloride is especially interesting since the rat is able to synthesize as- 
corbic acid. If the rat alone suffered this depletion upon gold treatment, there 
ivoidd be a possibility that the gold affected the process of synthesis. The ex- 
penments on guinea pigs, however, indicate that in these animals also the ad- 
mimstration of gold chloride is followed by decrease in plasma ascorbic acid. 

ecrease in vitamin C in certain tissues, notably adrenal, lung, and duode- 
■mm, has been reported by Sande^ after administration of Sanocrysin. 

The mechanism by means of which the depletion takes place is unknown, 
m possible that the gold chloride may oxidize the ascorbic acid directly, a 
ruction which proceeds with faciUty in the test tube. If this reaction takes 
P ^ tie body, it might he expected to lead to an accumulation of metaUie 
dO m the cells which contain active ascorbic acid. Such deposits might well 
ense enough, on occasion, to he visible under the microscope. Histologic 
les of the distribution of gold in the tissues, to he reported in detail later, 
^ parallelism between the distribution of gold and of ascorbic 
Tsth depletion of ascorbic acid may be part of a general toxic reaction 
of ^ chloride. In either ease, the recognition 

s occurrence after gold chloride administration is of value. 


SUMMARY 

ascorbic a'cid of the rat is markedly decreased by the intraperi- 
Hie chloride. Repeated injections of gold result in 

opment of increased tolerance and a diminished growth rate. 

Corieii T> references 

• uoldtherapie und Vitamin C, Klin. TVchnschr. 17: 1762, 1938. 





FURTHER STUDIES ON THE ANTIBACTERIAL ACTION OF 
3', 5'-DIBRO]MOSULFANILANILIDE 

G. R. GoKTciirus, M.S., and C. A. Lawuenck, PhJJ. 

Rknsselaku, N. Y. 

A JPREVIOUS comiiiunication from these laboratories presented the anti- 
bacterial effects of a group of bcnzencsulfouic acid derivatives.’ In general, 
the most active members of this group were 3',5'-dibromosulfanilanilide and the 
eoiTcspouding dichloro derivative. Not only were these compounds found to be 
highly active against such pathogens as types I, II, and III pneumococci, 
Streptococevs pyogenes (C203), Staphylococcus aureus, Groups I and Ha 
meningococci, Clostridium wclchii, Clostridium ietani, Shigella paradysentenae 
(Hiss), and Vibrio cholcrac, but they proved to be as effective against a 
sulfonamide-resistant strain of the gonococcus as against several sulfonamide- 
susceptible strains. In addition to the above attributes, the compounds were 
found to be unaffected by the presence of p-aminobenzoic acid when tested 
against Str. pyogenes. 

Inasmuch as these compounds exhibited several properties not associated 
with the common sulfonamides (sulfanilamide, sulfadiazine, sulfathiazole, etc.), 
an extensive pharmacologic study was made of 3',5'-dibromosulfanilanilide (here- 
inafter referred to as DBS). The sti'uctural relationship of DBS to sulfanilamide 
and the two substituted heterocyclic sulfonamides used in the present study ap- 
pear as follows : 


Br 



r.'jU'-Dibromosulfanilanilide (DBS) Sulfanilamide 


Siilfadiazine Sulf.atUia/olc 



The physical properties, methods of chemical determination, acute and chronic 
toxicities, absorption, metabolism, and excretion of DBS were investigated, 
and the results will be reported by McChesney, Goetchius, and Lawrence.' 
It was found that the toxicity of DBS was of the same order as that 
of sulfathiazole, which is slightly more toxic than sulfanilamide. OnF 
minute amounts were found to be excreted in the free form in the urine of 
dogs. and rats. In rabbits, however, the larger proportion of the dose was 
found in the free form in the urine. In man, the drug was excreted in a con- 

From the Research Laboratories, Wlnthrop Chemical Co., Inc. 

Received for publication, Dec. 1, 1945, 
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iugated form ivMch lost some of the bactericidal potency of the original com- 
potmd. Rapid and satisfactoiy absorption occurred in rats, inasmuch as the 
drug ivas readily demonstrated in the blood following oral administration. In 
man, only small amounts of free DBS appeared early in the blood, but rather 
large amounts of the conjugated form (from 4 to 5 mg. per cent) appeared 
several hours later. 

These encouraging pharmacologic findings prompted a study of the anti- 
bacterial action of DBS upon several other pathogenic microorganisms. The 
results of this investigation are presented herewith. 


ORGANISMS TESTED AND'jIETHODS OF STUDY 

The general method of study consisted of making an initial dilution of 
1:1000 DBS in an appropriate broth medium and of preparing serial dilutions 
from this in the same broth. Due to its relative insolubility in water, DBS 
was first dissolved in a small amount of alcohol preparatory to the initial dilu- 
tion. Control tests showed this amount of alcohol to have no inhibitory effects 
upon the growth of the test organisms. For purposes of comparison, sulfadiazine 
and sulfathiazole were dissolved directly in broth and treated in a similar 
manner. The tubes, containing a total of 5 e.c. (10 c.c. in the case of Brewer’s 
fluid thioglycoUate medium), were autoclaved at 10 pounds for ten minutes. 
After cooling, each tube of a dilution series was inoculated with a 4 mm. loopful 
of a twenty-four hour broth culture of one of the test organisms. The tubes 
were incubated at 37° C. and examined for growth after twenty-four hours. 
Tubes showing no visible growth or growth less than one-half of that in the 
drng-free control were considered to contain sufficient drug to cause bac- 
tenostasis of the test organism. Those tubes showing no growth after seventy- 
f"o hours’ incubation were subcultured by transferring 3 loopfuls to fresh 
medium lacking the drag. Failure of groudh to appear in the subculture tube 
after seventy-two hours’ incubation at 37° C. was taken as evidence that the 
organisms were destroyed in the original drug-organism-broth mixture. 


Table I. Highest Dilution of Compound Exhibiting Antibactepjal Action 


Or.Q.VNlsil 


BP.OTH SIEDIUit 


tetragena (EG) Beef extract 
oaUkva tetragena (MB) 

agalactiae Veal infusion + 
-'wlla monocytogenes 0.15% dextrose 

viridans 

“‘'niorhilns dncrcvi 


DBS 


SULFADIAZIKE 


sulfathiazole 


Hwcelja abortus 
Bn.' ’aeV.tensis 
’®0!cd!a Puis 


Veal infusion dex- 
trose + 0.1% 
horse semm 

Tryptose-phosphate 
-f- 0.1% agar 


■^'tinoiajcc, bovis 
-iIl £.aerobie ) 


Brewer’s fluid thio- 

— glycollate 

Eo ^acleriostatic. ~ 

» onccntralions neater tlmn 1:1000 not testcfi. 


BS 

EC 

BS 

EC 1 

BS 

BC 

32,000 

32.000 

<1.000 

<1,000 

<1,000 

<1,000 

64,000 

32,000 

2,000 

<1,000 

16,000 

<1,000 

64,000 

32,000 

1,000 

<1,000 

<1,000 

<1,000 

128,000 

16,000 

<1,000 

<1.000 

<1,000 

<1,000 

16,000 

8,000 

<1,000 

<1,000 

<1,000 

<1,000 

512,000 

32,000 

64,000 

<1,000 

256,000 

<1,000 

64,000 

16,000 

32,000 

<1,000 

4,000 

<1,000 

128,000 

32,000 

32,000 

<1,000 

8,000 

<1,000 

256,000 

16,000 

32,000 

<1,000 

16,000 

<1,000 

128,000 

16,000 

2,000 

<1,000 

64,000 

A 

M 

o 

o 

o 
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GOKTCHIUS AND LAWKKNCli: 


The organisms tested, the medium employed in each case, and the extent of 
antibacterial action ai-c presented in Table I. 

. RESULTS AND DISCUSSION 

It may be noted from the data given in Table I that DBS exerts a far greater 
antibacterial action upon all the test organisms than does sulfadiazine or suHa- 
thiazole. The latter two failed to show any bactericidal action in a 0.1 per cent 
concentration, whereas DBS was bactericidal for all the organisms. 

The history of the two strains of Gaffkya ietragena is of more than passing 
interest. Both of these strains were recent isolations from individuals .suffering 
from infection. Strain ]\IB was isolated from a draining sinus of the hip, while 
strain EG was isolated from the blood stream of a patient iritli septicemia. 
Laboratory tests on strain KG produced some unusual results. This organism 
was completely unaffected by sulfadiazine, sulfathiazole, or sulfamerazine, even 
in a 1 per cent concentration of the drugs. Furthermore, 5,000 units per cubic 
centimeter of penicillin were required to inhibit its gro^vth. This is another 
instance in which a sulfonamide-resistant organism (also penicillin-resistant) is 
susceptible to the antibacterial action of DBS. 

The treatment wth sulfonamides and penicillin of subacute bacterial endo- 
carditis caused by Streptococcus viridans has met with varj’-ing degrees of 
success.®' * The sulfonamides have been employed successfullj’- in the treatment 
of experimental infections caused by Listcrclla monocytogenes^ and by Hemo- 
philus ducreyi.’^' 

In the treatment of actinomycosis and brucellosis, sulfonamides and 
penicillin are of questionable value. While these agents did exert some action 
against Actinomyces hovis in vitro, Keeney and associates®’ ® caution that the 
action of sulfonamides on A. bovis is not spectacular and that expectancy of cure 
from their use in human actinomycosis should be regarded with conservatism. 

In reviewing the English literature on the sulfonamide therapy of brucel- 
losis, UrscheP® concluded that the sulfonamides are of doubtful value in the 
therapy of brucellosis, inasmuch as the percentage of successful therapy ""’as 
no higher than might be expected among untreated patients with this disease. 

From this brief summary of the status of the chemotherapy of infections 
caused by the organisms listed, it is apparent that in most cases the available 
sulfonamides fall far short of being satisfactory. A comparison has been made 
between DBS and two commonly employed sulfonamides. Whether or not 
sulfathiazole or sulfadiazine had been effective in any of the disease-ednditions 
discussed, DBS has a superior in vitro acthdty against the organisms responsible 
for these infections, an observation which suggests its trial in vivo. 

SUMMARY 

1. The activity of 3',5'-dibromosulfanilanilide has been compared to that 
of sulfadiazine and sulfathiazole against such organisms as G. tetragena, Stfepto- 
coccus agalactiae, Str. viridans, L. monocytogenes, H. ducreyi, Brucella abortus, 
Brucella melitensis. Brucella suis, and A. bovis. 
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2. A greater bacteriostatic effect and a far greater bactericidal effect was 
exerted by 3',5'-dibroniosulfaiiilanilide than by sulfadiazine or suKathiazole 
against these organisms. 
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THE APPLICATION OP THE “LYOPHILE TECHNIQUE” TO 
BIOLOGIC PRODUCTS 

I. Sera, Antisera, and Antibody Globulins 

Peter Masucci 
Glenolden, Pa. 

I N 1931, this laboratory began Avork on tlic development of the "lyophile tech- 
nique. ’ ’ Since that time, the process has been applied to a variety of biologic 
jn-oducts. It is the purpose of tliis paper to summarize the results of this expeii- 
enee and to point out some of the practical limitations of the process. This 
phase of the subject has not received the same adequate consideration as the 
study of the fundamental principles underlying this method of drying and 
of designing a satisfactory appai-atus to carry on the process. 

A desiccation jirocess, to be of practical value, must meet certain critical 
requirements. "When applied to biologically active substances, the dehydrated 
product (1) must show no substantial loss of potency as a result of the desic- 
cation process; (2) must show a permanency of presen'ation not only under 
favorable, but also under adverse, temperature conditions similar to those en- 
countered in tropical climates ; and (3) should shoAV complete and reasonably 
quick solubility so that the average practitioner can administer it to the pa- 
tient with the least effort and expenditure of time to himself and with the 
least annoyance and anxiety of Avaitiug to the patient. 

The biologic products which have been desiccated by the “lyophile tech- 
nique” and which have been studied by us include experimental lots as well 
as products prepared under actual routine commercial conditions. Unless 
otherwise specified, the residual moisture content of the products Avas held to 
a maximum of 1.0 per cent or less. Examples are given from various classes 
of products studied and the degree to Avhich they fulfill the three requirements 
previously mentioned is indicated. Prom these examples, Ave are able to make 
a fCAV generalized statements relative to the application of the “lyophile tech- 
nique” to biologic products and to point out its advantages and practical 
limitations. 

Products Avhich have been processed and studied may be classified con- 
veniently as folloAvs : (1) antisera (including normal guinea pig serum and 
human plasma); (2) antibody globulins; (3) Auruses and A’irus Amccines; (1) 
live bacterial suspensions. 

Antisera and antibody globulins only Avill be discussed in this communi- 
cation. 

sera and antisera 

Many investigators had previously reported on the keeping qualities of dry 
immun ologically active substances, including antisera. Some failed to specify 

Inc.. Ph?lTdemhia.''‘pr“®"* Immunocheniistry. Medical Research Division, Sharp & Dohme, 
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the temperature under which thej*^ were kept, and others merely stated that 
the particular substance in question retained its properties when kept under 
the favorable temperature condition of the icebox. The relationship of the 
moisture content of the product under preservation to keeping qualities rarely 
was considered and seldom was discussed. 

In order to obtain this desirable information, we investigated the influence 
of three factors, time, temperature, and residual moisture content, on the 
potency of antitoxic and antibacterial sera. Diphtheria antitoxic serum was 
studied more thoroughly than some of the others because its potency can be 
determined with a fair degree of accuracy by means of the in vitro flocculation 
test and by the in vivo L* test. The results obtained on this product are given 
in detail, presumption being that the conclusions derived from these results 
apply in a general way to the other antitoxic sera studied. 

The serum was placed in 20 c.c. amounts into 50 c.c. containers and was 
frozen at -78° C., after which it was dehydrated on a manifold at the tempera- 
ture of the surrounding air. The period of desiccation was varied purposely 
so that the end products would contain varying amounts of moisture. This 
was done by removing some of the containers from the manifold after twelve, 
sixteen, twenty, twenty-four and forty-eight hours of desiccation. Sample 
containers from each group were tested for moisture content, Lf (flocculation 
units), Kf (time of flocculation), and for antitoxic units by the standard guinea 
pig test. The results are shown in Table I. 


Table I. "Ltophile" Diphtheria Aktitoxic Sebum (Eestoeed Immedutelt 

Aeter Desiccattox) 


DESICCATION 

PEPJOD 

(HB.t 

GP.OUP 

MOISTURE 
CONTEXT 
(PER CENT) 

Lf 

UNITS 

Kf 

(MIN.) 

ANTITOXIC 
UNITS GUINEA 
PIG TEST 

32 

1 

15.6 

750 

35 

700 

16 

2 

2.6 

750 

37 

600 

20 

3 

1.9 

750 

31 

600 

24 

4 

1.4 

750 

25 

600 

48 

5 

1.0 

750 

26 

700 

- On^al liquid : 

Eeium untreated 

750 

26 

700 


It is apparent that the Lf, Hf, and the antitoxic potency of the serum had 
not changed significantly as a result of the desiccation process. 

A dozen containers (stoppered under vacuum) from each group were then 
^ sample container from each group was taken 

a he end of one- three, six, and thirteen months and the serum restored with 
e proper amount of distilled water and tested for potency (L"- units), Lf 
^ order to save space, the protocols of the one-, three-, and six- 
mon aging tests are omitted. The results of the same serum groups tested 
cr thirteen months are given in Table II. 

sto certain interesting facts. After one month of 

aftc^^+Vi^^ ^ scrum in Group 1 was no longer completely soluble and 
samnl months’ storage, was completely insoluble. The corresponding 
for three months dissolved completely and showed no loss ■ 
0 ency. This demonstrated very clearlj* that a high moisture content in 
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Table II. “Lyopiiii-e” Diphtheria Antitoxic Serum (Stored at 5° C. and at 40" C. 

FOR TlIIKTEra ^fONTHS) 


GROUP 

MOISTURE 
CONTENT 
(PER cent) 

L+ 

UNITS 

5 ° c. 

Lf 

UNITS 

Kr 

(MIN.) 

L+ 

UNITS 

40° C. 

Lf 

UNITS 

Kf 

(MIN.) 

1 

15.6 




Insoluble; jellied 


o 

2.6 



38 



3 

1.9 



39 


750 


4 

1.4 

600+ 

750 





5 

1.0 

700 

750 

42 





an apparently dry-looking serum leads to rapid deterioration after an exposure 
to a temperature of 40° C. for one month. 

The serum in Groups 2 to 5 inclusive, containing from 2.6 to 1.0 per cent 
moisture, showed no significant change in potency after thirteen months’ e.x- 
posure to 40° C. That the serum in the.se groups did undergo some change, 
however, is revealed by the longer time it took to dissolve the dry serum com- 
pletely and bj' the marked increase in the Ivf or time of flocculation. The 
restored samples of serum showed a faint haze compared with those samples 
stored at 5° G. and similarly restored. 



In another experiment diphtheria antitoxic serum was divided into three 
parts; (1) without preservative, (2) Aviih 0.5 per cent phenol, ( 3 )' without 
preservative. All three portions Avere filled into all-glass containers ; Parts 1 
and 2 were left in the liquid state and Part 3 was lyophilized and sealed under 
vacuum. All containers Avere stored at 37° C. and the potency of the serum 
was tested at various intervals, using the standard animal test.. The results 
are graphically represented in Fig. 1. At this temperature, the longer preser- 
vation or retention of potency of the “lyophile” material certainly is A'ery 
striking. 
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The influence o£ time, temperature, and residual moisture content on the 
potency of antibacterial sera and particularly antimeningococcic serum was 
also investigated. The "lyophile” serum and the original liquid serum were 
filled into suitable containers and stored at 5° C., room temperature (from 
20 to 32'’ C.), and 37° C. Both liquid and "lyophile” sera Avere tested for ag- 
glutinin titer after two, three, eight, and 15 months of storage. The results 
obtained may he briefly summarized as follows. 

After a storage period of two months at room temperature and at 37° C., 
the liquid sample had lost its agglutinin titer completely, whereas after storage 
for fifteen months at 37° C., the “lyophile” sample still retained a very sub- 
stantial portion of its agglutinin titer which was about equal to that retained 
by the liquid sample kept at 5° C. for the same period. 

The difference in physical appearance of the I'arious samples also wag im- 
pressive. All the liquid samples, regardle.ss of the temperature of storage, 
showed marked physical changes manifested by a change in color and by the 
presence of considerable flocculent material. The “lyophile” serum samples^ 
all dissolved easily and completely and yielded a clear yellow fluid resembling 
in appearance the original liquid serum before it was aged. 

ANTTBODT GLOBULINS 

To minimize the incidence of serum reactions, it has been the practice for 
many years to purify and concentrate therapeutic sera. The work of hlcFar- 
lane’’ ® and Pedersen^ points to the possibility that changes in the molecular 
and other properties of the serum globulins are produced by the process of 
'purification. This and the practice of including a given dosage in a minimal 
volume introduce factors which influence markedly the hydrophilic properties 
of dry globulins. 

Antitoxic globulin (diphtheria, tetanus, perfringens) preparations may he 
readily converted to the “lyophile” state. The resulting dry mass presents a 
nrneb more compact and less friable structure than that obtained with nn- 
punfied sera. Apparently the interstices between the protein fibrous structure 
are not as numerous and the mass is, therefore, not as porous. On the addition 
of water, the diffusion of the solvent throughout the mass is relatively sIoav. 
In addition, the hydrophilic property of the globulins is less pronounced than 
t at of whole serum. As a result, the time of dissolution or restoration of 

yophile” antitoxic globulins is greatly prolonged. 

Although the dry globulins dissolve completely and the potency^ of the 
restored material is essentially that of the unprocessed material, the exces- 
s'' ey long time required for dissolution makes their clinical use almost 
impractical. 

The biologic actiAuty of equine antibaeterial sera (antipneumococcio, anti- 
^^^eningf^occic, etc.) is generally contained in the less soluble eu globulin frac- 
^^uferial antibody globulin preparations also “lyophilize” Avell and, 
•sho of water, eA-entually dissolve completely’. The restored product 

larl"-^1 ^ potency, HoAA’cver, Avhether it is due to the particu- 

J urge molecular size of the antibody protein molecule or to the relatively 
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lower solubility of euglobulins, or to both factors, “lyophilc" bacterial anti- 
body globulin preparations require a longer time to dissolve than do any other 
class of “b'ophile” serum or serum derivatives. They are, therefore, the least 
desirable for clinieal use. 

Some examples of the time required to dissolve representative classes of 
“lyopliile” serum preparations arc given in Table m. Restoration time de- 
pends on several factors: nature of the dry product (serum or globulin), pro- 
tein concentration of the liquid preparation, thickness of shell or surface/ 
volume ratio of frozen mass, and uniformity of drying (absence of fused 
spots). It should be noted that there is often a ■unde variation in the restora- 
tion time between the individual containers of the same lot of a given product. 
This is presumablj' due to variations in the thickness of the shell and occasion- 
ally to the presence of a fused spot which indicates drying of the senim in 
that spot from the liquid state. Such fused .spots take longer to di.ssolve. 


Table IH. EESTor.ATioN TiJrrs op Vabious "Ltopiiile” PnEPAnAnoNS 


DESCRIPTION OF ! 
PRODUCT i 

VOL. 

r.ESTonnD 1 
TO c.c. 1 

NUMBER 

1 OF CON- 
1 TATNEr.S 

1 TESTED 1 

RESTORA- 
TION TIME 

Cmin.) I 

REMARKS 

Antinacnin gococcic 
scrom, 30 c.c. 

15 

10 

3, 6, 13, 4, 
4. 4. 4, 5, 
17, 4 

4, 6, 3, 4 

Unconccntrafed scrum reatored to 
one-half original TOlume 

Antidysentorio 
serum, 50 c.c. 
Antidysentcric 
serum, 25 c.c. 

50 

4 

Unconccnt rated serum 

25 

O 

27, 30 

Serum concentrated tn-o times 
prior to desiccation in marhet 
container 

Diphtheria anti- 
toxic globulin, 

5 c.c. 

5 

4 

25, 30, 40, 

32 

Purified and concentrated by en- 
zymatic process; total solids, 
17.7 per cent 

Tetanus antitoxic 
globulin, 10 c.c. 

10 

5 

25, 20, 27, 

32, 50 

Purified and concentrated by salt' 
ing- out; total solids, 17.5 per 

Tetanus antitoxic 
globulin, 13.8 

c.c. 

Pneumoeoccie 

antibody 

globulin 

8 

5 

5, 5, 4, 5, 0 

cent 

Diluted to G.O per cent total solids 
prior to desiccation 

10 

5 

All > CO 

Purified and concentrated by Feb 
ton’s method; total solids, 7.< 
per cent 


The results in Table III indicate that the most advantageous types of 
“lyophile” serum product in final containers for use by the clinicians appears 
to be whole serum. For certain antitoxic globulins, it has been found expe- 
dient to dilute the preparation to a protein content of from 5 to 6 per cent 
prior to desiccation. In most cases, such antitoxic globulins will dissolve with- 
in five minutes or thereabouts. 

In our laboratoi'ies, a desirable limit of restoration time (average) of five 
minutes has been set arbitrarily for all “lyophile” products used clinically- 
Human plasma, guinea pig complement, and most antitoxic and antibacterial 
-whole sera meet this standard without much difficulty. 

SUJIMAKY 

1. Unprocessed (whole) sei’a taken as a class are admirably adapted to 
the “lyophile technique.” The dehydrated products show no substantial loss 
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of potency as a result of the desiccation process; the products are restored 
rapidly and completely and the preservation of potency is maintained under 
adverse temperature conditions. 

2. The removal of water from sera by the “lyophile technique” does not 
completely arrest or stop all subsequent chemical changes but certainly does 
retard them. The dry serum forms a system which eventually proceeds to a 
state of equilibrium which is determined by the temperature, pressure, mois- 
ture content, and other energy factors to which the serum is subjected. 

3. The maximal residual moisture content in “lyophile” sera was arbi- 
trarily set at 1.0 per cent, a figure now accepted and adopted by the National 
Institute of Health. This figure seems reasonable and allows a margin of 
safety for “lyophile” sera kept for long periods of time at a temperature 
higher than 5° C. 

4. The potency of “lyophile” serum is retained for a longer period as 
compared with the same serum stored in the liquid state. This increased 
stability is least at from 2° to 5° C., more marked at room temperature and 
Yery marked at 37° C. 

5. The most advantageous type of “lyophile” serum produced in final 
containers for use by the clinicians appears to be whole serum. Antibody 
globulins, unless diluted to a protein content of from 5 to 6 per cent prior to 
desiccation, are impractical for clinical use because of the excessively long 
time required to dissolve them. 

6. The conversion of liquid sera to the “lyophile” form involves an ex- 
pense which is reflected in the cost of the product. This added cost is justified 
for some products but not for others. The lability of the particular product 
and the temperature to which it is exposed are important determining factors. 
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FUNDAMENTAL INFORMATION ON THE MECHANISM OP SPECIFIC 

TUBERCULO-IMIMUNITY 

H. J. CoRPEit, M.D,, Ph.D. 

Denver, Colo. 

S PECIFIC tubemilo-iinniunity in Inberculosis has been recognized for over 
iialf a century, and yet today its significance is discounted by many, ap- 
parently because vve are still unable to measure its potency in man by any 
known safe method. This is not surprising, however, when we realize that cer- 
tain groups of tuberculologists insist that tuberculology is so primitive that the 
value of any chemo- or biotherapeutic agent for tuberculosis in man must he 
proved by experimental test in the tuberculous patient and that no amount of 
animal experimentation can yield satisfactory conclusions. This would be to 
deny the similarities and differences noted for man and the lower forms of life 
as of value. 

In a bi’ief history of specific tuberculo-immunity,^ tribute was paid to the 
pioneei’s in this field : Joseph Parrot, who announced tlie result of investigations 
concerning the relationship between pathologic changes in the lungs and in 
the tracheobronchial lymphatic glands; Robert Koch, who demonstrated for the 
first time the immune phenomenon in animals ; Emil von Behring, whose daring 
Jennerization of cattle udth a "bovo-vaecine” brought condemnation because 
the milk for infant immunization contained viable virulent human tubercle 
bacilli ; Paul H. Roemer, whose monumental contributions led to the view of the 
unity of specific immunity and tuberculin hypersensitiveness, which later guided 
Allen K. Krause in the same view, that tissue allergy and immunity are the 
attributes of animals with tubercle ; Anton Ghon, whose monograph stressed the 
significance of the primary tubercle and was the basis of the elaborate immuno- 
biologic conceptions of Karl Ranke; Edward L. Trudeau; Gerald B. "Webb; and 
Calmette. Aside from the vaccination endeavor, Calmette’s greatest scientific 
achievement was to broach the avirulcnce of tubercle bacilli, although he did not 
settle it convincingly. 

TUBERCULIN 

For simplicity and clarity in defining tuberculosis, a brief presentation 
regarding the practical significance of tuberculin is a pertinent introduction 
here because, in -the past, tuberculin has been misleading in the clear understand- 
ing of the mechanism of tuberculosis. 

Naturally tuberculin and its effects confused us a great deal, but in 1940' 
we noted that tuberculin was not appreciable in liquid mediums until after 
maximum growth of tubercle bacilli had occurred, and then it increased in th® 
liquid to a maximum with aging of the bacillary mass in from six to ten months. 
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At that time we suggested it might be a product of autolj'sis of the bacilli, which 
was definitely proved later with the preparation of autolytic tuberculin.^ 

In 1939^ we pointed out that specific immunity against virulent infections 
could not be produced by pure tuberculoprotein, by highly concentrated filtrates 
(ultradialysis), or by alum-treated filtrates, and that these materials possess 
no appreciable primary toxicity for normal animals. However, a primarj' intra- 
venous injection of tuberculin does not sensitize to a second intracutaneous in- 
jection with a fairly large test dose (0.1 mg.) of tuberculin. A reaction to 
tuberculin can be obtained in a tuberculous animal with as little as 0.000,005 mg. 
of tuberculin. A primarj’’ intravenous injection of tuberculin (2 mg.) sensitizes 
to a lethal intravenous provocative dose (anaphylactically ) of as little as 1 mg. 
of tuberculin. Production of cutaneous hj'persensitiveness to tuberculin re- 
quires a small alnount of avirulent bacilli, a large amount of heat-killed bacilli 
(100 mg.), and very small amounts of virulent baciUi (the factors of multiplica- 
tion and tuberculous involvement complicate the latter picture). In 1940^ it 
was pointed out that tuberculin-sensitized animals do not develop an acute 
(anaphylactic) shock after the injection of washed young tubercle bacilli, while 
baeillary-sensitized and tuberculous (allergic) animals succumb to these injec- 
tions. At the same time, it was shown that the tuberculin (anaphylactic) 


sensitization can he transferred passivelj* from a high percentage of the donors, 
labile the bacillary and tuberculous (allergic) principles are never transferable 
passively to normal recipients. Likewise, at that time tuberculin desensitization 
or immunization to the skin tuberculio. reaction exerted no influence upon the 
specific tuberculosis immunity. The same year® it was shown that the 
phenomenon of local skin reactivity (Shwartzman) appeared to be of no 
significance in tuberculosis intoxication. It was also found that animals sensi- 
tized to tuberculin do not lose this anaphylactic sensitivity upon infection with 
'indent tubercle bacilli and-the injection of avirulent tubercle bacilli. Thus, for 
the first time, the two reactions, anaphylactic and allergic hypersensitiveness, 
'vere demonstrated to coexist in the same animal. In 1941' it was noted that “al- 


though the specific toxicity in tuberculosis cannot be described definitely as yet, 
ior lack of information regarding the part played by the products of tubercle 
iiicilli liberated in vitro (tuberculin) but apparently riot liberated in appre- 
iiahle amounts in vivo, desensitization with these products (tuberculin) presents 
a fascinating problem, the exact nature and significance of which will have to be 
iisclosed.” The evidence questions whether the active constituent of in vitro 
natural filtrate from the growdh of tubercle bacilli is liberated in vivo. In spite 
® his, desensitization of bacillary-tuberculo-allergically sensitized animals can 
'c accomplished by appropriate treatment with tubercidin, so that animals thus 
prepared do not show a local specific skin reaction to tuberculin and are like- 
we protected against a lethal general allergic shock intoxication with tuber- 
•iiiim' 1 protective materials are contained in the blood of desensitized 
protection can he transferred to a tuberculo-allergic-sensitive 
(lose ^ ^^o°d from a desensitized tuberculo-allergic animal. Tuherculo 

primarily nontoxic amoimts of tuberculin exerts no 
icia or detrimental effeet upon tuberculosis or upon specific tuberculo- 



348 


COKPEB 


immunity. By 1942 ® we began to see definitely the fallacy of tuberculin therapy 
for treating tuberculosis and also began to understand more fully the desensi- 
tization or immunization with tuberculin against tuberculin allergic intoxica- 
tion as an extraneous phenomenon to tuberculosis and of no practical import. 
One year later® it was noted that tuberculin thei'apy in man is not warranted 
by any evidence available at present from animal experiments. Then it vas 
recognized that while we could desensitize against tuberculin-allergic intoxication 
with tuberculin, this exerted no appreciable effect upon the resulting tuberculosis, 
and the reaction to viable tubercle bacilli was not retarded. We were able to de- 
fine two separate types of tuberculo-allergic hyperscnsitivencss : (1) that elicited 
l)y tuberculin, which seems to be of no practical importance in tuberculosis as it 
occurs naturally, and (2) that elicited by viable tubercle bacilli and which 
naturally assumes importance in the disease. These experiments clarify the 
reasoning of investigators in the past xvho assumed that tuberculo-allergy and 
tuberculo-immunity Avere sjmonymous or that they represented closely related 
phenomena. The deductions Avere not correct, hoAvever, since they were draAvn 
from the use of tuberculin as the test agent for allergy\ To complete the tuber- 
culin picture, in 1943 '® it Avas shoAA'n further that passive transfer of blood of 
tuberculin-immune guinea pigs to normal animals prevented tuberculin sensitiza- 
tion to tuberculin anaphylactic shock, and that passive transfer of blood of 
immune or anaphylactic-hypcrsensitiA’e guinea pigs Avith or AA-ithout the addition 
of tuberculin failed to protect tubereulin-hypeisensitive guinea pigs from the 
effect of the lethal tuberculin anaphylactic shock. 

SPECIFIC TUBERCULO-niMUNlTV 

Our close association AA'ith specific tuberculo-immunity began in about 1935 .” 
Without fuUy understanding avirulent tubercle bacilli, we Avere able to satisfy 
ourselves of the significance and potency of specific tuberculo-immunity by 
1936 .'® Then it Avas shoAvn for the first time that veiy small numbers of virulent 
tubercle bacilli mixed with large amounts of fine suspensions of avirulent tubercle 
bacilli Avould produce tuberculosis unhampered in the guinea pig, that tubercle 
Avas a function of dead bacillary bodies, and that viability played no decishe 
part in this except in so far as bacillary bodies A\mre produced. We noted also 
that resolution occurred Avith tubercles formed by avirulent bacilli, and that 
previous injections of aviralent human and bovine tubercle bacilli retarded 
the subsequent infections Avith virulent human or bovine tubercle bacilli, while 
heat-killed avirulent and virulent bacilli exerted no such effect. Avirulent 
human and bovine tubercle bacilli AA-ere proved to produce no progressive lesions 
in man, and the baciUi lost their Auability in these lesions in about six months. 
The reactions to viable avirulent tubercle bacilli in man shoAved a sequence 
of changed reaction upon repeated injections at definite intervals similar to the 
changes noted in animals and occurring coincidentally with the development of 
artificial immunity in these animals.'® It was pointed out that there is 
apparent paradox resulting from this reaction in that the lesions produced by 
small and large numbers of virulent tubercle bacilli are retarded by the i®" 
mune reaction as a result of preventing or retarding the multiplication of 
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virulent bacilli — less lesion to virulent infection; and, on the other hand, there 
is a greater tissue reaction in the ‘immune organism as compared with the non- 
immune to large numbers of avirulent bacilli incapable of multipljdng in the 
tissues — more tissxie reaction to avirulent bacilli. Thus, conclusions drawn from 
pathologic findings alone, without knowing the quantity of either one of these 
hvo decisive factors concerned and necessaiy for interpretation (the number of 
baciUi producing the reaction or the existing immune condition present) , can be 
of no practical value. In 1937^^ we became more fully aware that these two re- 
actions were separate entities, one which is the expression of a specific tuberculo- 
immunity and the other, still vague, which we erroneously referred to as “a 
t\pe of protein intoxication” that docs not become evident until large amounts 
of tubercle bacilli are either injected or disseminated internally after a primary 
contact with viable tubercle bacilli. We still referred to this as anaphylactic 
shock or reactions at that time. By 1938'^ we became more confident of the 
lack of multiplication of avirulent tubercle bacilli and talked about the toxicity 
of these bacilli and the absence of infectivitj’’ with the possibility of resolution 
following the intravenous injection of excessive amounts into normal nonimmune 
guinea pigs. This led to our definition of an avirulent tubercle bacillus on the 
basis of the lack of ability to multiply in a highly susceptible host when injected 
intrav’enously. The property of avirulence and virulence of mammalian 
tubercle bacilli was consistently stable within a reasonable time, many months 
at least, on artificial mediums or in the animal body when properly tested.^ 
Changes in virulence of mammalian tubercle bacilli appear to be a gradual 
transition and usually occur only slowly over-many generations of progency of a 
pure strain. No guaranteed means of a ready or permanent transition appears 
to be available as yet. By 1939,^ we stated that “There is a striking quantitative 
difference between the specific immune and the concomitant allergic or anaphy- 
lactic features of tuberculosis w'hich will eventually have to be given inde- 
pendent consideration in the complete evaluation of tuberculosis in man, since 
one is protective and the other shows a peculiar type of still unsolved intoxica- 
tion.” The following year'" we said that the baciUary body sensitizes primarily 
to tuberculo-allergy, while the natural filtrate containing tuberculoprotein 
sensitizes to anaphylaxis and provokes anaphylactic shock and allergic intoxica- 
tion but does not sensitize to allergj' nor specifically immunize against virulent 
infection. At that time we concluded that tuberculo-anaphylaxis, tuberculo- 
3 torgy, and tuberculo-immunity were separate and apparently unrelated biologic 
phenomena. We were now able to demonstrate^ that the skin (allergic tuber- 
cu in) reaction may be entirely absent in animals which stiU retain their specific 
u erculosis immunity, and vice versa, and that desensitization with- tubereulin 
0 t le skin tubereulin reaetion exerts no uifluence upon the specific tuberculosis 
unniuiiitj. ^^e were also well aware at ^ this time that the specific immunity 
in its effects for well over two years.'^ In 1943'“ it was 
in ^ disease are the relative amounts of interacting factors of 

^'ove dec'isive significance than they are in tuberculosis; and yet no exact 
ivlr") the interacting relations of causative agent and host exists 

'c I can be applied readily in evaluating these factors in man.” As a result, 
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there are those who, even to the present time, believe in an increased sus- 
ceptibility follomng a primaiy infection, and this, a priori conclusion, is based 
on the fact that in some cases the disease ijrogresses to an advanced stage. They 
fail to recognize the factors so involved and especially the possibilities in the 
fate and circumstances of heavily infected foci. No immunity is or can be ab- 
solute. It has its quantitative limitations, as it does in tuberculosis also. How- 
ever, specific tuberculosis immunity show's definite quantitative aspects as 
gauged by graded virulent infecting injections and graded specific immunizing 
vaccinations with viable avirulent tubercle bacilli. In concluding the considera- 
tion of specific tubcrculo-immnnity, it might be added further that, unlike the 
tuberculin phenomenon, it lias not been possible in our experiences to transfer 
passively specific tuberculo-immunity perceptibly to nonnal recipients.^'* Like- 
wise, the specific immunity is not passed in utero from mother to offspring.-' 
Thus, immunization must be active to be appreciably effective for the recipient. 

SPECIFIC TUBEnCULO-ALLERGY 

In tuberculosis, we are dealing with a disease of conspicuously dual a.spects, 
specific tuberculo-immunity and a specific tuberculo-allergj', aside from the 
usual bacillary and pathologic anatomic incriminations. We eould not 
dw'ell long upon vital interpretations in tuberculosis without being con- 
fronted by the phenomenon of tuberculo-allergy. We w'erc aw'are that in- 
toxication in full-blowTi disease, as in many destructive diseases, may be asso- 
ciated w'ith host tissue destruction and the absoi’ption of disintegration products, 
but w'e also knew that normal animals could tolerate inconceivably large amounts 
of viable avirulent tubercle bacilli intravenously wdthout violent response. 
Tuberculin apparently was not liberated in the host body and, even if it had 
been, desensitization or immunization to tuberculin w'as possible and did occur 
according to reliable scientific experimental test. We were aided by the prepara- 
tion of purer tuberculins and bacillary suspensions in tlie solution of this 
problem. Our conceptions first began to take sliapc in 1940'" w'itli tlie recogni- 
tion that tuberculo-anaphj'laxis, tuberculo-allergy, and tuberculo-immunity 
showed distinctive characteristics, pointing to their being separate and ap- 
parently unrelated plienomena. At that time it w'as noted that bacillary-sensi- 
tized or tuberculous animals do not respond to an injection of tuberculin after an 
appropriate incubation period by an acute anaphjdactic shock reaction but do 
reveal a protracted (allergic) intoxication to a' suitable amount of tuberculin 
with fatal issue after from one to three days except when the tuberculous in- 
volvement is very marked, when it occurs more rapidly. Also, tuberculin-sensi- 
tized animals do not develop an acute (anaphylactic) shock after the injection of 
young washed tubercle bacilli, while bacillary^-sensitized and tuberculous 
(allergic) animals succumb to these,injections. The bacillary and tuberculous 
(allergic) principals are never passively transferable to nonnal recipients. The 
lethal effect (allergic) of tuberculin in tuberculous animals appears to depend 
upon the time and amount of involvement foHowung infection with virulent 
tubercle bacilli. Peculiarly enough, while it is possible to desensitize to 
tuberculin-allergic intoxication by means of tuberculin and also thus abolish 
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the local skin reaction (tuberculin reaction), tMs does not alter tbe specific im- 
munologic condition appreciably nor does it prevent bacillaiy intoxication. 

In 1912=2 a rather interesting set of experiments vas performed in -which 
it was shown that the addition of certain paraffins markedly accentuated the 
property of inducing allergic hypersensitiveness to tuberculin by heat-killed 
tubercle bacilli, verifying earlier -work by Saenz, but these paraffins exerted 
little effect in accentuating the specific tuberculo-immunity produced by tubercle 
bacilli either dead or alive. In 1943° -we became more fully aware of two types 
of tuberculo-allergic hypersensitiveness: (1) that elicited by tuberculin, seem- 
ingly of no practical import, and (2) that elicited by -viable tubercle bacilli, im- 
portant naturally in the disease. It -was noted also at this time that preliminary 
attempts to desensitize or immunize against the bacillary allergic hypersensitive- 
ness by using dead or -viable tubercle bacilli failed. In 1943== it was noted that 
the specific tuberculo-allergic hj'persensitiveness to tuberculin was not passed 
from mother to offspring in utero nor could it be transferred passively by- in- 
travenous injection of blood.^® Before passing on to the implication of specific 
tuberculo-baciUary allergic hypersensitiveness in man, I -will summarize our 
final attempt (in 1944==) to desensitize against this condition in animals. Re- 
peated intravenous injections of -viable avirulent tubercle bacilli resulted in 
no appreciable reduction of hypersensitiveness either to tuberculin or to -viable 
bacillary bodies hut rather in an accentuation of the allergic hypersensitiveness; 
likewise, an attempt to desensitize tuberculo-bacUlary-hypersensitive animals by 


means of repeated subcutaneous injections of heat-killed tubercle baeiUi in 
mineral oil resulted in only a slight accentuation of the allergic hypersensitivc- 
ne®. Dead (heat-MUed) tubercle bacilli suspended in saline and subcutaneously 
myected repeatedly showed no appreciable effect on the tuberculo-baciUary 
allergic hypersensitiveness; however, when injected intravenously, a depression 
of the cutaneous allergic hyrpersensitiveness to tuberculin and bacUlaiy bodies 
occurred (believed due to effect on general vascular or inflammatory response 
of animals). Dead a-virulent tubercle bacilli repeatedly injected intravenously- 
revealed no appreciable effect on the development of the tuberculous disease re- 
sulting from subcutaneous infection -with highly virulent tubercle bacilli, hut 
t ese s^e injections appeared to exert a slight detrimental effect on the specific 
mmnnity resulting from • vaccination -with "viable a-virulent tubercle bacUli 
ich may be accounted for by the abUity of the dead bacillary bodies to pro- 
>100 tubercles and productive tissue reactions. 

. . if fias been onr custom to study carefully tubercle bacilli freshly 

''o atcd from human sources to determine their virulence. In 1942=* we had an 
onusual opportunity to observe a classical example of death due to tuberculo- 
bacillary hjpersensitivene.ss in a patient who, at the time of death, har- 
fatal avirulent tubercle bacilli. The .spread of these bacilli resulted in the 
oiculo-allergic bacillarj' intoxication, a protracted death characterized by 
^0=' aiich death in experimental animals. Po si -mortem 
established the anatomic diagnosis of fihroeavernous tnberculo.sis in 
The heart showed no abnormalities beyond a slight right hj-pertrophy. 

e signi cant pathologic changes were a pronounced marginal acute hyperemia 
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ill the left lung not, however, attaining a pneumonic stage. Tliis was the early 
result of a bacillary allergic reaction, the intoxication resulting in the collapse 
and death in a patient harboring only avinilent tubercle bacilli in the lungs in 
sutTicient amount to cause the terminal lethal allergic intoxication.- This patient 
with avinilent tubercle bacilli had what appears to be a clear-cut case of final 
lethal tuberculo-allergic bacillary intoxication in the human being, a condition 
which may arise in any active open ease of tuberculosis. As the disease advances, 
the bacilli become available in sufficient amount for a sudden massive mobiliza- 
tion toward actively absorbing or i-eacting sites. To counteract this, we have 
as yet found no immediate treatment, although all abolition or collapse measures 
used at present serve as preventives against these accidents of tuberculosis. 

SUMMARY 

1. We have verified and demonstrated the following: 

(a) A tuberculin anaphylactic hypersensitiveness exists and is produced by 
tuberculoproteins (tuberculin) appropriately injected. It does not appear to he 
of any significance in the natural picture of tuberculosis in man or animals and 
is mainly of academic interest. 

(b) Tuberculin (tubcrculoprotcin) anaphylactic hypersensitiveness can be 
transferred passively vith the blood and is passed from mother to offspring. in 
utero. 

(c) Tuberculo-anaphylactic shock and tuberculo-allergic shock produced 
by the injection of tuberculin (tubcrculoprotcin) present entirely different 
clinical and pathologic manifestations and can be demonstrated in the same 
animal under appropriate conditions. 

2. We believe that we have verified and demonstrated the existence of a 
relative specific tubcrculo-immunity produced by (a) vdable (avinilent human 
and bovine) tubercle bacilli, but not by (b) hcat-ldlled nonviable tubercle bacilli 
by (c) the filtrate from growing tubercle bacilli on a nonprotein synthetic 
medium or by (d) tuberculoproteins (tuberculins). 

This specific tuberculo-immunity must be produced actively and persists 
over four years ; it cannot be transferred passively with the blood ; and it does 
not pass from mother to offspring in utero. 

There is no means of measuring the specific immunity at present except 
by virulent infection. 

3. We have verified and demonstrated the existence of a specific tuberculo- 
allergy which is produced by (a) viable tubercle bacilli and by (b) heat-lulled 
nonviable tubercle bacilli which are more efficient when suspended in paraffin 
or mineral oils. 

This specific tuberculo-allergy appears to be no measure of immunity, 
although it may be produced during infection coincident until it. When pro- 
duced by avirulent tubercle bacilli, tuberculo-allergy reaches a maximum at 
about two montlis and may disappear in about six to twelve months. It cannot 
be transferred passively with the blood nor is it passed from mother to offspring 
in utero. 
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Desensitization or iininunization against allergic tuberculin hypersensitive- 
ness can be achieved by appropriate injections of tuberculin. 

Allergic bacillary hypersensitiveness is not affected by tuberculin injections, 
so that tuberculiu therapy appears futile for this purpose practically. 

Specific tuberculo-immunity and specific tuberculo-aUergj- play a significant 
though individual part in the picture of clinical tuberculosis. 
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LABORATORY METHODS 


A EAPID TEST FOR DISTINGUISHING HUMAN FROM COW’S JIILK 
BASED UPON A DIFFERENCE IN THEIR XANTHINE 
OXIDASE CONTENT 

F. Lee Rodkey and Bbic G. 

Boston, SIass. 

H U5IAN milk is purchased and distributed for infant feeding by many in- 
stitutions throughout this country. The price paid to mothers for their 
milk is about fifteen times the cost of an equal amount of. cow’s milk. Thus, 
the dilution of human milk -with cow’s milk becomes a profitable procedure, and 
one which must be guarded against by the purchaser. We present here a simple 
test for detecting the admixture of human and cow’s milk. It is based upon the 
fact that human milk is practically devoid of the enzyme xanthine oxidase, while 
cow’s milk, even after commercial pasteurization, is rich in this enzyme. The 
xanthine oxidase activity of a milk sample can, therefore, be used as an index to 
its origin. 

EXPERIMENTAL 

A comparison of the xanthine oxidase activity of human and cow’s milk 
was first made using a manometric procedure. The oxygen consumption of 
samples in the presence of hypoxanthine as a substrate was followed in the man- 
ner employed by Ball.* The test was arranged as follows : 2 c.c. of milk and 1 
c.c. of 0.1 M phosphate buffer, pH 7.2, were placed in the main chamber of a 
conical Warburg manometer flask. The side ann of this flask contained 0.2 c.c. 
of a 0.05 M solution of hypoxanthine dissolved in 0.05 M NaOH. After tem- 
perature equilibration of the flaslrs in the water bath which wms maintained at 
37° C., readings were taken for a five-minute period in order to be certain that 
no oxygen consumption occurred in the absence of the substrate. The substrate 
was then added from the side arm, and readings were made every ten mmutes 
for a total period of one-half hour. 

The results of the analyses of twenty-six different samples of human milk 
and six different samples of cow’s milk are shown in Table I. The samples of 
human milk were all unpasteurized and obtained fresh from the Mothers’ Milk 
Directory at the Boston Lying-In Hospital.* The samples of cow’s milk were 
purchased on the open market in Boston and represent milk from six different 
dairies. AU samples were stated to be pasteurized. 

The results clearly indicate that there is a marked difference in the xanthine 
oxidase activity of cow’s and human milk. Only three of the twenty-six samples 
of human milk showed any measurable oxygen consumption, and in these the 

From the Department of Biological Chemistry, Harvard Medical School. 
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‘Courtesy of Dr. F. J. Stare. 
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RAPID TEST FOR DISTINGUISHING HUMAN FROSI COW'S MILK 


Table L Compaeison of the Xanthine OxmASE Activity of Human and Cow 's Milk 


SAMPLE 

cow’s MILK 

OTilAN MILK 

1 

64 

3 

2 

128 

4 

3 

53 

D 

4 

62 

0* 

5 

84 

0* 

G 

90 

0 

7 to 26 


0 


Results are expressed as cubic millimeters of Oi consumed In thirty minutes at 37* C. and 
pH 7.2 by 2 C.C. of milk vrith hypoxanthinc as substrate. 

•Colostrum. 


amount of oxygen consumed was insignificant in comparison to that observed for 
cow’s milk. For all practical purposes, it may be said that human milk is de- 
void of xanthine oxidase. The variation in activity shown by the different 
samples of cow’s milk may he, in part, due to differences in pasteurization tech- 
niques at the various dairies. However, it has been reported' that the xanthine 
oxidase activity of an individual cow’s milk is quite variable from day to day. 

The xanthine oxidase activity of a milk sample may thus he used as an 
index to its source. ' If a sample of milk reputed to be human shows an appreci- 
able xanthine oxidase activity, it is extremely likely that some cow’s milk is 
present. The manometric procedure outlined may be employed for the purpose 
of assaying the xanthine oxidase activity of milk samples. A simpler method, 
however, is one based on the reduction of methylene blue. 

The apparatus necessary to measure xanthine oxidase activity by the 
methylene blue method consists of ordinary pipettes, Thunberg tubes, and a 
water suction pump. The solutions necessary are (a) 0.005 per cent methylene 
blue solution and (h) 0.05 M xanthine or hypoxanthine in 0.05 M sodimn hy- 
droxide. The test is 3ust about twice as rapid if hypoxanthine is available* for 
use. 

To perform the test, 2 c.c. of milk are placed in the Thunberg tubef and 0.5 
c.c. of the methylene blue solution is added. In the side arm or hollow stopper 
of the Thunberg tube is placed 0.3 e.c. of the xanthine solution or 0.2 c.c. of 


Table II. Eedoction of Methylene Blue by Mktukes of Human and C!ow ’s Milk With 

Xanthine as Substrate 


methylene blue 


PEP.CENTAQE COW’S MILK 

IN MIXTURE 

DECOLORIZ-VTION TlirE (SIIN.) 

1 IS° c. 1 

1 23° c. 

I'OO 

14 

10 

50 

15 

11 

33 

17 

12 

25 

21 

15 

20 

22 

16 

16 

25 

18 

14 

0 

28 

CO 

20 

cc 


market at present, but xanthine may be pur- 
tlf ^ •^a^unan Kodak Co., Rochester, N. T. 

available, a fairly satisfactory test may be run by employ- 
the tube'itndir containing from, 2 to 3 c.c, of mineral oil. All soluUons a?e pipetted 
‘'f "Or rrhichVJjuifl Ji®,?,’* careruUy mixed. The layer of oU serves to prevent access 
would rcoxiaizc the Icucomethylcne blue ns It Is formed. 
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REAGENTS 

1. Citrate buffer, pH 4.9. Dissolve 18.9 Gm. of citric acid in 500 c.c. of water 

and add 180 e.e. of N. NaOH and 100 e.c. of N/10 HOI. Make up to 1 
liter. (pH of buffer should be checked.) 

2. Substrate, 1 per cent disodium phenyl phosphate (keeps about two weeks in 

icebox). 

3. Dilute phenol reagent (Folin & Cioealteau). Dilute 1 volume with 2 vol- 

umes of water. 

4. 20 per cent sodhim carbonate. 


METHOD WITHOUT SUB.STRATE CONTROL 


BLANK 
9 C.C. buffer 
1 c.c. substrate 
.5 c.c. scrum 

Iraniediatcly add 4.5 c.c. pho- 
no! reagent 
niter 


TEST 

9 c.c. buffer 
1 c.c. substrate 
.5 c.c. serum 

Incubate one hour at 37' C. 
Add 4.5 c.c. phenol reagent 
niter 


BLANK TEST STANPABD 

10 C.C. filtrate 10 c.c. filtrate 10 c.c. standard 

2.5 c.c. 20 per cent NUjCO, 2.5 c.c. 20 per cent NnjCO, 2.5 c.c. 20 per cent NajCO, 
Incubate all at 37° 0. for five minutes and read immediately 


The standard solution may or may not be necessary, depending on whether 
a calibrated photometer is available. The 10 c.c. standard solution should con- 
tain .04 mg. of phenol, 3 c.c. of phenol reagent, and water up to 10 c.c. 

The milligrams per cent of phenol found in llte blaulc subtracted from the 
milligrams per cent of phenol found in the test give the milligrams per cent of 
phenol presumably split by the cnzjnne and are considered "King units 
of activity. 

"We employed this method for some time and obtained rvhat appeared to he 
clinically reliable results. However, when a new suppl.y of disodium phenyl 
phosphate was used, Tve suddenly began to get high results almost rontindy- 
Further investigation of this difficulty led to a still more improved procedure 
■which we are at present employing, 

We discovered that upon incubation of substrate alone (disodium phenyl 
phospliate*) definite values of plienol were hydrolyzed, t This may be ex- 
plaindQ by the action of an acid medium or by the presence of impurities in the 
substrate. In any case, such a value must necessarily be deducted from the test 
regardless of what causes this hydrolysis. This necessitated a second blank 
made up of substrate and buffer in addition to the original blank. The latter 
two results are added together and subtracted from the test. 


•Obtained from Paul-Ijeivls Laboratories, Inc., Milwaukee, 'Wis. 

fGutman and Gutman* recommend the use of a highly puriaed phenyl phosphate. S'}® 
a reagent la not eommerclally available. In view of the ^eat cltntcal Importance « ® ; 
test. It is desirable to have a method which can be accurately performed even In 
hospitals -which do not Imve Uie faclliUes for checking or Improving the purity of com?'}: 
cial phenyl phosphate. The techniaue presented In this paper was devised for this purpose 
and appears to he the most practical way of overcoming the above difllcultles. 
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Bj (SEEDM BIxKKK) 

10 c.c. Tvater 

.5 c.c. serum 
Immediately add 4.5 c.c. 

phenol reagent 
Filter 


IMPROVED PROCEDURE 

Bj (SDBSTKATE BBANK) 

9 C.C. buffer 
.5 c.c, water 
1 c.c. substrate 

Incubate one hour at 
37° C. 

Add 4.5 c,c. phenol re- 
agent 
Filter 


TEST 

9 c.c. buffer 

1 c.c. substrate 
.3 c.c. serum 
Incubate one hour at 
37° C. 

Add 4.5 c.c. phenol re- 
agent 
Filter 


Take 10 c.c. of filtrate from B^, Bji.Test, and Standard if necessary (make 
up as previously described) . The color is developed by the addition of sodium ^ 
carbonate and incubation as described in tbe former method. The milligrams 
per cent found in plus subtracted from the milligrams per cent of phenol 
found in Test give the milligrams per cent of phenol split by acid phosphatase, 
which become “King units” by definition. We have had very good results em- 
ploying a Cenco photelometer -which we calibrated for phenol. 

f 

DISCUSSION 

The results in Table I show that larger values are obtained by the method 
without substrate control. This is of special interest because most of the values 
are above the origmal limit of normal values published, 1 to 4 King -units. By 
the improved procedure, much smaller figures are realized. The values do not 
seem to run above 4 except when pathology is found, as sho-svn by Table II. Only 

two patients of eleven revealed no immediate e-vidence of carcinoma of the pros- 
tate. 


VALUES OBTAINED -WITHOUT 
SUBSTRATE CONTEOL 
(KING -UNITS) 

6.6 

3.5 
0.9 

3.9 
4.8 

4.2 

4.8 

3.6 

4.2 

6.3 
10.8 

8.4 

8.7 

9.9 
9.0 

8.4 

10.2 

10.8 

12.6 

3.9 
6.6 

13.8 


IMPROVED PEOUEDUEE 
(KING UNITS) 

2.1 
0.15 
0,3 
0.9 
2.7 
0.9 
0.3 
0.3 
0.9 
3.3 
• 2.4 

0.6 
0.6 
1.2 
0.0 
0.3 
2.1 
0.6 
3.3 
0.6 
O.C 
.3.3 
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scopic fields are examined before a negative report is given for a sputum speci- 
men. 

Careful counts of tlie organisms per mieroscopie field were made in most 
instances. This was not clone when the count per Hold was over 100. For counts 
between 100 and 300, the figure recorded was a eareful estimate. Three hundred 
represented the maximum count I’ceorded for any field. When the count per 
microscopic field was from one to fifty organisms, from fi%'e to twenty-five fields 
were counted and the average per field deteianined. The primarj' objective 
was a fair comparison between tlie methods employed. 

Findings were recorded as positive when at least three typical acid-fast 
organisms were found by one or more methods. If less than three were found, 
another specimen was requested. The goal in this study was set at 100 positive 
specimens in order that simple percentage determinations could easily be made 
in comparing the etfieienej' of the various methods. 

OB.SKRVAT/OKS 

Of 397 specimens examined, 283 were found negative by all methods, 100 
were positive by one or more methods, and fourteen yielded less than three 
typical acid-fast organisms b}' the three methods combined. For each of the 
latter specimens, another specimen was requested. 

The specimens found positive are of particular interest for purposes of coiu- 
parison. Most specimens were sent to the laboratory for either diagno.sis or a 
cheek on treatment. Eighty-four per cent of the specimens found positive 
were examined to aid in diagnosis and 12 per cent to cJieck on treatment; for 
4 per cent the purpose was not designated. 

Seventy-seven of the 100 positive specimens were found positive by all of 
the methods used. Tlic other twenty-three were found positive by one or two 
methods. Tliesc observations are given in Table I. 

Table I. Number of SrECurBN.s Fovkd Positive for Tubercle Bacilli RY Methods 

Indicated 


METHOD 

XUMCEJl 

CENT 

All methods used 

77 

77 

Clorox and NaOH-alum on}y 

12 

12 

Clorox only 

C 

0 

Clorox and direct only 

•f 

O 

3 

NaOH-alum and direct only 

o 

*2 

NaOH-alum only 

0 

0 

Direct only 

0 

0 

Total 

100 

■ " ■ ibo _____ 


From this table it maj’’ be seen that acid-fast organisms were found in 9 
per cent of the 100 positive specimens by tlic clorox method, 91 per cent by the 
NaOH-alum method, and 82 per cent b 3 ’- the direct smear. 

In Table II, it maj’^ be seen that the average count of organisms per niicio 
scopic field by the clorox method was unexceeded for 81 per cent of the speci- 
mens. The NaOH-alum method yielded an unexceeded count for 24 per cent o 
the specimens and the direct for 10 per cent. 

A far more striking comparison for the three methods is observed in o'® 


deti;gtiox of tubercle bacilu ik sputum 
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II. Frequency of Highest Count of Tubercle- Bacilli per Microscopic Field for 

Positive Specimens 


METHOD 

PER CEN’T 


Clorox 

6S 


NaOH-alum 

13 


Direct 

6 


Clorox and NaOH-alum 

9 


Clorox and direct 



Clorox, NaOH-alum. direct 



Total 

100 



average number of acid-fast organisms found per 100 microscopic fields. This 
comparison is based upon the seventy-seven specimens ivhich were found positive 
by each and aU of the three methods used. 

The large number of fields counted by the direct method is due to the fact 
that ic was necessary to examine more fields to find acid-fast organisms by this 
method. 

DISCUSSION 

The results obtained show the same trend as have been shown in similar 
previous studies.^* ® For 188 specimens found positive in the combined studies 
made in this laboratory by the clorox method and by the NaOH or NaOH-alum 
method, the average number of organisms per 100 microscopic fields was 1,2T4 
for the clorox method and 438 for the NaOH methods. The average count of 
1,052 recorded in Table III for the clorox method as compared with 465 for the 
XaOH-alum method per 100 microscopic fields compares favorably with the 
over-all picture found in these studies. 


Table IIL Average Nujiber of Acid-Fast Organisms pep. 100 Microscopic Fields fop. 
Seventy-Seven Specimens Positive by All Mjethods 


METHOD 

fields cotjkted to 

FIND SPECIMEN’S 
POSITIVE 

TOTAL OP.GANISMS 
for fields COUNTED 

AVERAGE ORGANISMS 
PER 100 FIELDS 

Clorox 

855 

8,996 

1,052 

^ aOH-alum 

967 

4,492 

465 

_ Direct 

1,406 

3,144 

224 


The fact that an average of 1,052 organisms per 100 fields was foimd in this 
study by the clorox method as compared with 1,274 by the same method for the 
combined studies seems to indicate that fewer organisms were present. In that 
case the increase in the average, 465 for the NaOH-alum method as compared 
'nth 438 for the combined studies by the NaOH methods, becomes somewhat 
^ore significant. The comparative increase in efficiency of the NaOH digestion 
niet lod in this study is probably due to the use of alum flocculation for con- 
tubercle bacillus. This is in accord with the report of Hanks" 
in 1 h chemical flocculants as an aid in concentrating acid-fast organisms 

laboratoiy specimens. However, the results still definitelv favor the clorox 
method. 

the organisms were found in twelve of the 100 positive specimens by 

Ticb^^ "alum method in which they were not found by the direct smear, 

con specimens were found positive by the clorox method which were not 
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found positive by the direct smear. In six of the specimens found positive, 
tubercle bacilli were found only by the clorox method. None were positive by 
the NaOH-alum method only, but acid-fast organisms were detected in two speci- 
mens by tlie NaOH-alura and direct methods and not by tlie cloro.v method. 

For finding some acid-fast organisms in 100 positive specimens, the dorox 
method proved 98 per cent efficient, the NaOH-alum method 91 per cent, and 
the direct smear 82 per cent efficient. 

By tlie clorox method 68 per cent of tlic specimens found positive yielded 
the highest average count per microscopic field. By the NaOH-alum method 
13 per cent and by the direct smear 6 per cent gave the liighest average count 
per microscopic field. 

In every" comparison the clorox method gave more efficient results in this 
study than did the NaOH-alum method. 

Because of the more complete digestion bj" the clorox method, the centri- 
fuged sediment from positive specimens usually contained more organisms per 
given amount of sediment than did those obtained with the NaOH-alum method. 
As in previous studies when the clorox method was used, microscopic fields 
.showed only acid-fast organisms and no visible extraneous material. 

SUMMARY 

1. Every comparison in this work shows that somewhat greater efficiency 
for concentrating tubercle bacilli in sputum was obtained by the clorox method 
than by the NaOH-alum method. 

2. Both the clorox and the NaOH-alum method surpass the direct smear 
for finding acid-fast organisms in sputum. 

3. Acid-fast organisms were found in more specimens by the clorox method 
than by the NaOH-alnm method. 

4. For identical positive specimens, more than twice the average number of 
acid-fast organisms were found per 100 microscopic fields by the clorox method 
than by the NaOH-alum method. 

5. The clorox method is much simpler to handle than the NaOH-alum 
method and gives more complete digestion, resulting in less visible extraneous 
material in the microscopic field. 

6. For specimens containing very few organisms, a large amount of speci- 
men may be used for concentration by the clorox method without clouding the 
microscopic picture. 

7. "^^en the clorox method is used, the small cotton sxvab should b® 
moistened in clear blood serum before transferring the sediment from the tube 
to the slide. This furnishes background and fixative when there are only a few’ 
acid-fast organisms present. 

REFERENCES 

1, Cameron, G. M., and Castles, E.; Comparison of Methods Adaptable to Production Lm® 

Examination of Sputum for Tubercle Bacilli, J. Lab, & Clin. Med. 30: 163, IS*®- 

2, Cameron, G. M., and Castles, E,: Comparative Efficiency of Clorox Pigestion ana 

Three Other Methods for Hnding Acid-Fast Organisms in Sputum, Am. 

Tubero. S2: 530^ 1945. 

3, Hanks, J. H-, Clark, H. F., and Feldman, H.: Concentration of Tubercle Bacilli 

Sputum by Chemical Flocculation Methods, J. Lab. & Clin. Med. 23: 736, 1938. 



A TRAP WITH HOLDER FOR HANDLING VICIOUS LABORATORY 
ANIMALS SUCH AS WILD RATS’" 

Emmett B. Carmichael, Ralph McBueney, and Louise Rickeman Cason 

Universitt, Ala. 

T he apparatus herein described is the outgroudli of difficulty experienced in 
experimenting Avith the cotton rat {Sigmodon liispidus), which is not only 
difficult to handle, but also quite vicious, and cannot be managed- like the or- 
dinary laboratory animal. 

The description of the holder employed in this apparatus is similar to the 
one described in a private eommunicationt from which we quote : 

To examine their blood we have devised a cylinder of % inch mesh, about 
five inches long and from 1 to inches in diameter, elosed-at the one end and 
covered -with fly screening to prevent the rat from biting through the % inch 
mesh. A piece of cardboard large enough to cover the opening of the cage should 
have a hole cut at the bottom to fit the open end of the cylinder. By blowing on 
the rat the animal -will be induced to go into the cylinder. We use a cloth to hold 
the rat in the cylinder and find it easy to mate an examination of its blood by 
clipping the tip of the tail. 

Ou attempting to use this method with large individual cages, such as type 
h C-28| -mth sloping door, we were unable to get the animals to enter the above 
type of holder. 

Our apparatus makes capture of the animal certain, so that it may easily 
be weighed, bled, or given oral or parenteral medication. 

The apparatus consists of a cylindrical holder, a truncated cone-shaped 
tunnel or trap, and two comblike stops for immobilizing the captive. The trap 
IS soldered to a metal shield which fits over the opening of and fastens to the 
ammal cage. A trap door which closes the opening in the metal shield is op- 
erated by a spring catch. To the free end of the trap is soldered a metal fiange 
over which the holder slips snugly when the animal is to be captured. The 
larger stop is used -with the trap, the smaller with the holder. 

Fig. 1 illustrates the various units of the apparatus. 


SPECmCATIONS 


The shield to which the funnel is soldered is made of 22-gauge galvanized 
s eet iron of sufficient dimensions to overlap the open doorway of the cage. 

is 7% inches high by 9 inches wide and fits well over Wahmann’s stand- 
ard cages L C-26 and L C-28, with openings measuring 6% inches high by TVs 
cs wide and 5% inches by 5% inches, respectively. The trap door is made 


cine. 

<: 12 . 


muverslty Rhyslolo^cal Chemistry and Bacteriology, School of Medl- 

Rwlved tor publlcaUon. Sept- 2t, 1945. 

report of this apparatus appeared In the Federation Proceedings 


^oloslcal Research Supply, Englewood, Fla. 
* eorge H. Wahmann Mfg. Co., Baltimore. Md. 
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of 22-gaxige galvanized sheet iron and is held in place by a groove at either side 
of the opening in the shield. A spring catch is attached to the shield to operate 
the trap door. 

A circular hole, 4^/2 inches in diainctcr, is cut near the bottom along the 
•width of the metal shield so tliat its center is midway between the sides, leav- 
ing aiiproximately i/4 inch of sheet iron at the bottom for soldering. The base 
of the trap, which is about Vi inch larger than the opening in the shield, is 
soldered over the opening. 

The shield, with the trap attached, placed with its fiat surface over flic 
opening in the cage makes a perfect runway from cage floor to the holder when 
the trap door is open. 



FiB. 1. 


The shield is fastened to the cage bj’- means of two pieces of No. 14 ‘ 

vanized iron wore, each being approximately 2% inches long and fastene 
vertically to the upper edge of the front of the shield (the side to wliich the trap 
is fastened) about 1 inch from each end with approximately IV 2 inches being 
soldered to the base. They are then bent to a right angle over the edge of the 
base and again at a right angle about % inch from each end thus making hoote 
that fasten over the upper framework of the cage, securely fastening it to the 
open doorway. 




TB.VP VTITH holder FOR II. 


.\NDLIXG MCIOUS L.iU30RAT0RY -VNTMALS 
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The trap is a truncated cone of 18-gauge, 4-inesh hardware cloth. It is W 2 
inches long with the inside diameter at the base being 4% inches and that at the 
top, 2% inches. 

Soldered to the inner part of the small end to a depth of about inch is a 
galvanized sheet iron flange 1% inches long and made to taper slightly so that 
the free end measures about 2 inches outside diameter and over which the 
large end of the holder fits tightly. 

The holder is made of hardware cloth similar to that used for the trap. It 
is a cylinder 9 inches long and 2^/^ inches inside diameter. One end is slightly 
tapered V/ 4 ^ inches from the opening to form a circular opening % inches in 
diameter and is made secure by a ring of wire soldered around the entire cir- 
cumference. We also have other holders with inside diameters of 1% inches, 
114 inches, and V-/^ inches. See Fig. 1 showing the method of reducing the di- 
ameter so that various-sized animals may be accommodated. 

The stops are of two sizes but are- of similar material. As mentioned, they 
are shaped like a comb, the base being made of %e Inch by % inch flatiron and 
the teeth of iuch welding rods, which are soldered upon the flatiron. 

The larger comb has a base four inches long, with eight rods 4% inches long 
soldered perpendicular to the base in parallel. Distance between rods is not 
equal but as follows; i/i inch, %6 inch, % inch, %6 “cl*. %o inch, and % inch. 
The first and last rods are soldered about % ™ch from each end of the base. 
The unequal distance makes it possible to thrust the rods through the mesh in 
the tapering cone when trapping the animal. 

The small comb has a base 2i/4 inches long with five rods 3^ inches long 
soldered similar to the large one but beginning about %e bnch from one end and 
spacing all inch apart, variability in this respect not being necessary since 
the holder in which it is used is a cylinder. 


CAPTURING THE ANULAL 

To capture the animal, the apparatus is assembled as described. The shield 
"itli the open trap and holder attached is fastened to the open doorwaj' of the 
<^age. By blowing upon the animal from the rear of the cage, it wdU usually 
see the opening and enter the trap. As soon as the animal enters the trap, the 
e'er attached to the spring is moved by slight pressure of the forefinger which 
I'e eases the trap door, thereby preventing re-entrance into the cage. The large 
ma) be used to induce the animal to move to the holder, and, as it enters, 
it'" similarly used, forcing the animal to the extreme tip where 

1,1 which has been successively moved behind it as it 

io\cs forward. The diameter of the cylinder is so small that the animal cannot 
Uirn around. 

bolder containing the animal is then removed from the trap by slipping 
it • T metal flange. The animal is not injured by the apparatus as 

The 1 ^ tongs or similar instruments are used for catching and holding. 

10 er u ith the stop in place is simply turned over so that the flat side of 
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the stop is down while the animal is weighed. The flat surface prevents the 
apparatus from rolling off the balance. 

Either the opening at the end of the holder or a mesh of the hardware eloth 
may be used to pass a tuberculin syringe through to feed the animal a definite 
amount of a substance. It is possible to inject an animal by various routes when 
it is in the holder or to take blood samples from the heart, tail, or ears, or by 
clipping off a toenail. 

We feel that the apparatus described herein is especially convenient and 
useful for handling rodents W'hich have a tendency to bite when picked up by 
hand. 



A LABORATORY HOLDER FOR liBIOBILIZING 
EXPBRBIENTAL RATS 

Ernest J. TJmbergek, M.A. 

Washington, D. C. 

I N THE phaiTnacologic study of ointments and other drugs in tliis laboratory, 
it vras deemed desirable to study their effects on the albino rat. The difficulties 
of immobilizuig these animals for extended periods of time to prevent contamina- 
tion by licking and the eating of feces, and to prevent injury to the animals or 
to the site of application, were overcome by the design of a holder to be described. 
The usual animal board was found unsuitable for ovrr purposes. Bleftheriou^ 
described an apparatus in which the animals were laced into a cloth apron sup- 
ported between two metal frames, and Leeloux- described a similar apparatus 
for mice. Neither of these, however, allowed for the feeding and watering of 
the animals during the period of confinement. 

The holder herein described is easilj' constructed of x’eadily available ma- 
terials. Details of the .holder are shown in Pig. 1. The neck and hip stocks 
were made of sole leather approximately of an inch thick, and the locks were 
fin plate cut from a tin can. The locks were secured at the hinge end "with 
copper harness rivets and were fastened with small brass bolts % of an inch 
in diameter and of suitable length. The dimensions shown are not critical but 
were found suitable for a rat weighing 250 grams. The stock openings can be 
made larger or smaller to accommodate the size of rat desired. The size of the 
holder shovu has been used for smaller rats by padding the upper part of the 
openings vnth cotton wads held in place iivith adhesive tape. Care should be 
taken, however, that the space between the bottom of the opening of the hip 
stock and the floor of the cage be not too great or injury to the animal may 
result. The bars separating the stocks were made of brass rods of an inch in 
diameter threaded at each end. One end of each is threaded for two inches to 
allow for adjustment to the length of the body of the rat. 

In use, the entire holder is fastened to the bottom of a regular wire-mesh 
individual steel cage by means of small 12-gauge steel wire hooks. In Pig. 2 is 
shown such an arrangement with an animal in place, the side of the cage being 
bent back for a better view. A battery of holders could be fastened to a hoard to 
enable simultaneous observation of the animals. Food and water can be supplied 
lo file animals in the cages in the usual manner. 

Altliough the rat can he put into the holder by two operators -without anes- 
ie.sin, the latter generally has been used. The animal is lightly anesthetized 
’III I ether and after opening the locks, the flexible leather stocks are bent a.side 
0 permit the entrance of the neck and hips. The locks are then closed by means 
II ic bolts and the holder fastened to the bottom of the cage. 

of the experiments, the animals were thus confined from one to 
— * 0 .1 fotti hours with a maximum of seventy-two hours. The animal i-c-sts 

ot Pharmacology, Food and Drug Administration. Federal Securitj- 
Received tor publlcaUon, Dec. 13, 1945. 
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comfortably on the bottom of the cage, but oceasioually the eyes of animal may 
appear congested due to struggling. 

In order to gain some idea of the effeet of confining the animals for periods 
as long as seventy-two hours, the following, experiment was performed. Eight 
female rats averaging 250 grams were seleeted. All were lightly anesthetized 
ivith ether, placed in separate cages, and given a measured, ample amount of 
food and water. Pour of the animals were confined in the holders. The animals 
were weighed daily. After seventy-two hours, the control rats had gained 2 
per cent and the confined rats had lost 10.5 per cent of their initial weight. 



Fis. 2. 


flic confined animals were now removed from the holder’s and given ample food 
and water, while the animals which had been used for controls were deprived of 
all food and water. After an additional seventy-two hour's (one hundred and 
ortj-four hours from the beginning of the experiment), the control animals had 
ost IS.S per cent of their weight, and the pre\-iously confined animals liad 
^allied 15.7 per cent, or a gain of 3.6 per, cent over the one hundred and fortj’- 
oiir liour period. The animals appeared normal in ever-j- respect. It is ap- 
pareiit that while the animals are somewhat ill at ease while- confined and lose 
some eight during tliat time, recovery is rapid and complete. The records sho-w 

rat the confined animals ate and drank about one-half as much as the control 
animals. 
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A NOTE ON THE UNSUITABHilTY OF GUINEA PIG JEJUNUM FOR 
STUDY BY THE MAGNUS JIETHOD 


Albkrt J, Gilbert ^vnd Joseph Seifter 
Philadelphia, Pa. 

B ERNHEIM*^ has made the interesting and rather curious observation that 
pilocarpine will relax the contraction induced by histamine in isolated 
strips of the jejunum of the guinea pig. 

Wo have found tliat records of the contractions of the jejunum of guinea 
pigs, made by the metliod of Jlagnus, indeed appear to show that marked re]a.\- 
ation of histamine spasm is produced not only by pilocarpine, but also by other 
parasympathomimetic agents; for instance, pliysostigminc and acetyl-^-methyl- 
eholine. However, if the intestine is obseiwed rather than the recording lever, 
it is found that what is recorded as relaxation is actually a response to a power- 
ful wave of contraction of the circular musculature of the jejunum, a phe- 
nomenon Avhich actuallj" lengthens the intestinal strip. 

Further evidence that the apparent relaxation is artefactual was obtained 
by recording the changes in pressure which arc produced ivithin the jejunum 
by histamine and by pilocarpine. The proximal end of a strip of jejunum 
from 4 to 5 cm. w-as tied off. The distal end was tied to a small cannula, which 
was attached to a 1 c.c. pipette, graduated in 0.01 c.c. The jejunum was sus- 
pended in 50 c.c. of warm, oxj^gonated Ringer’s solution. The pressure inside 
the intestine was recorded by noting the variations in level of the Ringer’s solu- 
tion within the pipette. A tjiiical experiment sliowing maximal and minimal 
levels of the solution, as affected by histamine and by pilocarpine, is presented 
in Table I. (Since the pipette is read fi-om 0 above to 1.00 below, a decrease in 
the readings accompanies a rise in the fluid column and therefore corresponds 
to an increase of pressure within the intestinal segment.) 


TAnr.F, I 



MAXIMAL LEVEL 

MINIMAL LEVEL 


(c.c.) 

(C.C.) 

Before addition of drug 

0.77 

0.79 

After addition of histamine (1:50,000) 



After addition of pilocarpine (1:50,000) 

0.38 



Thus, following the contraction induced by histamine, pilocarpine induces 
a further ijicz-ease in the pressure inside the jejunum, even though the length of 
llie intestinal segment may be increased. 

It is concluded that the jejunum of the guinea pig, at least for some pur- 
poses, is quite unsuitable for studies by the method of Magnus. This deficiency 
is due to the presence of powerful circular muscle fibers, the contractions of 
which may overshadow conti'aetions of the longitudinal fibers. 

From the Wyeth Institute of Applied Biochemistry. 

Hecelved for publication, Nov. 19, 1946. 

♦Bemheim, F. : Interaction of Piloc.arpine and Hi.stamlne on Uie Intestine. J. Pharmacol. 
& Exper. Therap. 43; 509, 1931. 
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PHOTOillCROGRAPHY: A SHORT SIETHOD USING NEGATIVE 
PROJECTION PRINTS 

Donald W. Leonard, M.D., PA.O.S. 

Cambridge, N. Y. 

T HI^i pages of medical periodicals and textbooks testify to tbe educational 
value of pkotomierographs in tbe demonstration of tissue structure and 
changes resulting from disease. Rarely, if ever, does tbe average physician 
tbink of preparing sucb prints for bimself ; however, in spite of tbe fact that 
the value of tbe photomierograpb is so generally understood, relatively few of 
the smaller clinical laboratories are prepared to make sucb prints for him. 
There are many reasons for this, tbe most obvious being tbe fact that a special 
type of fairly expensive apparatus and a complicated technique must be avail- 
able. Sucb equipment, because of its limited usefulness in a small clinical 
laboratory, is usually considered a luxury and no photomicrography is there- 
fore available. This difficulty will continue to exist as long as physicians 
adhere to the unreasonable belief that the finished photomicrograph must 
show the field just as the pathologist sees it through his microscope. It has been 
assumed that to be acceptable the end product must be a positive print made 
from a negative which has been exposed in a eamera-Hke arrangement which 
holds the film in focus over the microscope. However, if it is remembered that 
the fundamental purpose of medical illustration is the clarification of points em- 
phasized in the written text, it may seem to be quite legitimate to question the 
absolute need for adherence to this traditional form of photomicrography. It is 
conceivable that some other type of reproduction wiR make microscopic details 
just as clear to the reader. 

Several months ago I was forced by the absence of any apparatus for stand- 
ard photomicrography to make a decision on this point and to improvise a tech- 
nique which, as results were reviewed, seemed to have several merits beyond an 
0 vious simplicity. A case of fatal dissecting aneurysm of the thoracic aorta, 
0 well-authenticated traumatic origin, came to autopsy at the Mary McClellan 
ospital^ and, as a rare example of this disease, the case history was prepared 
or publication with a discussion of the literature. Severe histologic sections of 
e mjured aorta were considered instructive enough to be used. Two photo- 
nucrographs were made from the stained slides in the form of negative paper 
P^njoetion, and these hybrid photomicrographs proved acceptable as 
> ustratio^ in a previously published article.* 

Us’ ^ the fact that it has been impossible to find any medical article 

mad" describing negative projection prints of this type, no claim -will be 
^ niedical illustrators have never before considered the idea. If nega- 
prints have been suggested, it is more than probable that medical authors 

15 , 1945 ., 

eurt. DksccUng Aneurj-sm ot the Thoracic Aorta Due to Trauma, Am. J. 
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themselves have been the ones to discard what appeared to them to he distor- 
tions of real microscopic anatomy. If this has been the case, it is unfortunate 
that someone did not point out that whatever "distortion” resulted from the 
transposition of density values from positive to negative might have been 
improvements in the visualization of the tissue and that the change could not 
have been any more artificial than the already accepted artifacts of staining. 
The change might also have actuall3’ been more "true” in relation to living 
tissue than any other hind of photogi-aphj\ 


SI.\KIN’G PKO.inCTJOX PKINTS 

Simplicity is the first advantage to be credited to a technique which makes 
prints on paper directlj' from the microscope slide. It is a darkroom technique 
but, in this respect, it is essentially the same as the step that has been used in 
the standard routine to get paper pidnts from negatives. It uses the slide in 
place of the negative and the microscope as the enlarger. Most teachers of 
pathology have at one time or another used a microscope as a means of pro- 
jecting the enlarged image of a tissue section onto a screen for class demon- 
stration. To make a projection print, it is necessniy onl.v to arrange the micro- 


holoer intended 

POR NEGATIVES IS 
USED FOR PRINTING 
PAPER 

FOCUS IS MADE 
BY LOOKING AT THE 
BACK OF ORDINARY 
THIN PAPER IN HOLDER 
WITH the light on 

BELLOWS OF 

enlarger 
PREVENTS 
STRAY UGHT 

From fogging • 

PAPER during 
EXPOSURE 


microscope 

LIGHT 


SAFETY 

UGHT 



exposure 

Regulated 

BY LIGHT 
SWITCH 


, . 1.— Assembly of apparatus used for taking the photomicrographs reproduced w<l> 

this discussion. Aitiiough the image of a tissue section may be projected directiy onto print- 
ing paper tacked to a board, it is safer to make use of some arrangement like tlie bellopa 
of an enlarger as a light-trap to protect the paper from the stray light that will unnvom- ^ 
ably leak from any microscope lamp. A commercial photographer may combine his enlarger 
with the doctor’s microscope, if the latter cannot himself use this piece of photographic 
cquipmenL 
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scope, the slide, and the light source so that the image Avill he projected onto 
the photographic paper. For medical illustrations, a moderate enlargement is 
all that usually will be desired so that the suitable distance from the ocular of 
the microscope to the paper will seldom he more than a few inches. The entire 
assembly may be quite compact. Tlie advantage of a scheme Avhieh obtains a 
finished picture in a single step Avill occur to anyone and the technical details 
of the process Avill he obvious to any phy.sician haA'ing some knoAAdedge of 
photography. It aauII not be necessaiy in this discussion to do any more than 
illustrate a simple arrangement of my equipment (Fig. 1) and to demonstrate 
by examples that the essential features of a tissue section can be shoAATi as well 
in a negath’e print as in any other photomicrograph (Figs. 2 to 5). 

When an individual has assembled a combination of his oAvn available 
equipment, he aamII have to standardize certain A'alues, the first being the 
strength of his light source as it effects the length of exposure AA^hich will be 
required for each magnification and for slides AA'hich A’ary in their staining. 
A few trial prints should establish these A-alues. Projection printing paper 
registering various degrees of contrast may be tried, but sharp contrast paper 
(No. .3) AATth a glossy finish Avill usually be the choice. The framing of the 
pictures takes care of itself because the field selected AAnll be framed auto- 
matically in the circle of the microscope lens. After the exposure has been 
made, the steps in development Avill he the same as those of normal photography. 

INTERPRETATION 

ily experience Avith negative prints has already shoAvn that the usual re- 
action of the medical observer is instant interest in the clear details and an at- 
tempt to identify the tissue Avhile completely unaware of the reversal of tone 
A allies this type of photomicrograph presents. A pathologist’s more discerning 
inspection, of course, discoA^ers the rcA-ersal Avith involuntary resentment or 
curious pleasure, according to that individual’s attitude toAvard iimovations. 
Nor his benefit it may be argued that space is empty and dark and that a 
section of tissue may be mounted like a lace curtain in front of this empty 
background. The resemblance to objects Adewed under dark field becomes 
striking and one may become enthusiastic Aidth the realization that he has dis- 
coA ered a picture AA'hich appears just as he had imagined the original, unstained 
tissue section must have looked as it came off the microtome knife. 

From such photomicrographs it should not be difficult to demonstrate the 
ciangcs caused bj* disease and to correlate these changes AAuth the descriptions 
iTcorded by those who liaA'c studied the same specimens directh' imder the 
microscope. 

summary 

Out of the need for self-made photomicrographs has dcA'eloped a sugges- 
mii t at any medical author can resort to the use of a negative projection 
print AAhencA'er he needs a photomicrograph for illustration. To the obvious 

lantage of requiring no more than the equipment already available can be. 
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Fiff. A, — A, Normal thyroid- Section shows the t>Tical arrangement of follicles, each 
well filled with homogeneous colloid substance and lined with a layer of flat epithelial cells. 
f. Toxic goiter. H>*perplasia is evidenced by' the change of the epithelial cells to the charac- 
teristic columnar tjTje. The entire tissue is much more cellular, but this example is not ex- 
trcme because there is still a good deal of colloid substance and very little irregularity of 
the follicle outlines. 



in vcIn. Section shows a portion of a fairly large vein embedded 

IndistlnE^IchaWt ^i? Inlima be identifled, 


aorta. This section Is 


but the media and the adventitia are 
taken from the descending portion of 


ihe aonio 

dlssecllne where the Initial rupture of the intima and the media" started a 

to cov^ thTl'r elastic fibers of the media have retracted, allowing the cells of the 
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added the claim that such a print will show a tissue section more nearly as it 
actually is — a thin slice of bloodless, white material outlined against a back- 
ground of space, its delicate pattern of cell walls and nuclei sharply visible. 

One improvised assembly of ordinary equipment is presented. (Pig. 1) 
with several examples of this new hind of photomicrography made as de- 
scribed. It is hoped that more pathologists and editors will approve of the 
positive projection print and give this simple method of photomicrography 
ofScial sanction for more extensive use. 



BOOK REVIEWS 


Pathology of Tropical Diseases. By J. E. Ash, Colonel, M.C., U.S.A. ; Director, Army Insti- 
tute of Pathology, Army Medical Museum; and Sophie Spitz, M.D., C.S., A.TJ.S.; Path- 
ologist, Army Institute of Pathology, Army Medical Museum. AV, B. Saunders Company, 
Philadelphia. Price $8.00. Cloth irtth 350 pages and 941 Ulustrations. 

In no field of medicine is it more necessary for texts, monographs, and journal articles 
to carry good illustrations than in pathology. Hence there are trivo Mnds of hooks in path- 
ology, those uith good illustrations and those with poor illustrations. The illustrations in 
tUs atlas are not good — ^they are superb. The authors have exercised good judgment in 
selection of subjects; Mr. Eeeve and the staff of the Photographic Laboratory of the Army 
Institute of Pathology have outdone themselves in technical details; and the publishers 
have faithfully reproduced the originals. 

Added value is given to the illustrations by the explanatory legends. The usual cus- 
tom in texts is to append only a simple statement of the diagnosis. In this manual the 
legends are skillfully combined to form a brief exposition of the disease. For example, on 
pages 166, 167, and 168 there is a section on Korth American blastomycosis. The legends 
of the nine pictures read successively; “(1) Primary cutaneous blastomycosis causes 
papulopustular lesions with numerous small satellites surrounding the large discharging 
ulcers. The pitted scars are residium of smallpox. (2) Healing leads to formation of 
crusts and atrophic scars in the center of the lesions while irregular extension of the 
process continues at the periphery thus accounting for the characteristic clusters. (3) 
Systemic blastomycosis involves the lungs more frequently than any organ, other than skin. 
The mvolvement is of diffuse miliary type, grossly indistinguishable from miliary tuber- 
culosis. ( 4 ) Spleen is commonly involved and shows a few or many pale caseous foci. 
(5) Bone lesions may be osteolytic abscess cavities lined by pyogenic membrane. (6) 
A characteristic of primary cutaneous blastomycosis is the extreme pseudo-epitheliomatous 
Iqiierplasia with many ramifying epidermal extensions into dermis. The cavities thus 
ormed are filled with purulent exudate and epithelial debris. The granulomata in the 
cnms are usually discrete. Kumerous intra-epidermal and intradermal abscesses are.pres- 
cnt in this field. (7) Organisms (Blastomyces deTmaiiiiCis) are frequently found within 
o^iant cells of the granulomatous lesions of the dermis or within the intradermal abscesses, 
le fungi occur in tissue as single or budding tliick-walled, double-contoured cells. (8) 
is nbution of pulmonary lesions is of a generalized, hematogenous type. Larger pneu- 
iiionic areas may result from ponfluence of the miliary nodules. There is superficial re- 
fuT miliary tuberculosis. Kote the necrotic center of many of these tubercles. 

') ranulomatous nodules show numerous multinucleated giant cells within a discrete 
lai *^^I'**** epithelioid cells and h-mphocytes. Giant cells of the granulomata may con- 
.!? contoured cell of Blastomyces, Endospores are always absent in contrast with 

cci toidcs immitis.” This is a short but entirelv adequate description of the salient fea- 
tnres of the disease. 

chapter, and there are twenty-two, has an introductory discussion of the dis- 
ease of*'e^ ” ^ ^ paragraph on definition, clinical features, and pathology. In the 

are I'lere is also a paragraph on epideraiologj-. In all, seventy-five disease entities 

hum T1 '^““8‘ng from yellow fever to pinta, to heat exhaustion, to beriberi, to ain- 
fccentlv references at the end of each chapter, and they are to 

hM 5 lorn"- articles almost exclusively. For example, in Chapter 1, the dates are 

future ’ 1944, 1944, 1944. Thus, only one is two years old and one is in the 

<;hirifv the diagrams arc used to advantage to show geographic distribution and to 
. ^ s ages in the life cycles of many of the metazoan parasites. 
at'Vical pubVcl**^ hoped that this book may be the first in a new viervpoint of American 
lers. Frequently, one picture is worth more than hundreds of words. Medi- 
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cino should be an objective, documented science. In the nineteenth century many texts 
and atlases of pathology with excellent black and white and colored illustrations irere 
published. Some authors cut their own lithograph plates. Perhaps a way can be found 
in the economically complex twentieth century to revive the practice of printing richly 
illustrated books. This atlas of Ash and Spitz proves that the authors, photographers, artists, 
and engravers are fully ready and that the publishers arc willing. 

Robert A. SIooee. 


Diseases of the Breast. By Charles F. GcschicMcr, M.A., M.D., Lt. Comdr., M.C., U.SJl.E.; 
Director of the Francis P. Garvan Cancer Research Laboratory; Pathologist, St. 
Agnes Hospital, Baltimore, Md.; with a special section on treatment in collaboration 
with Murray M. Copeland, Second edition, J. B. Lippincott Company, Philadelphia, 
Pa., 1945. Price .$12.00. Cloth with 820 pages and 593 illustrations. 


The second edition of this book presents a definite improvement over the first in 
many details. The fundamental treatment of the subject, however, has not been essen- 
tially altered. 

The chief appeal of this monograph rests in its biological approach to the subject. 
This has been competently handled. The normal development of the breast is considered 
in relation to the ovarian and hj-pophysinl hormones and their effect upon normal growth 
and development. The ostrogen-progcstcrono balance in the production of normal mam- 
mary structure is well considered. Tlio anatomic and clinical disabilities that result from 
an escape from this normal balance has been used as the basis of the understanding of 
the cystic and hj'pcrplastic changes so often encountered in the human breast, ^ effort 
is made to divide these lesions into several subgroups based upon their pathologic and 
clinical features as well ns urinarj' assays and animal experimentation. 

In these subgroups, certain minor criticisms might well bo raised. For instance, one 
would question the consideration of mastodynia, or ppinful breast, ns a pathologic entity. 
One would also wonder why the lesions of fibroadenoma and intracystic or intraductal 
papilloma aro considered as neoplasms when they so often demonstrate their endocrine 
origin. The estrogen-progesterone studies that have been made on clinical lesions ha\c 
been excellently portrayed. It is unfortunate that more of them are not available. 

The statistical studies on the relationship between chronic cystic mastitis and cancer 
of the breast are well presented. While not an exhaustive review of the literature is 
offered, enough important papers are considered to make this a fair consideration of the 
subject. Bleeding from the nipple is considered soparntelj-. In view of the fact that m 
the author’s series such a liigh percentage (seven) of patients with bleeding from the nipple 
subsequently developed cancer in that breast, one finds reason to question the consorvatue 
treatment that he has to offer for this lesion. One would also find reason to question the 
effect of hormonal therapy suggested in various places in the monograph on the basis o 


the evidence presented. 

In the section related to malignant mammary tumors, those factors influencing the 
development and prognosis are well considered. The rather loose division into infiltrating 


adenocarcinoma and circumscribed adenocarcinoma probably is well worth while from a 
prognostic standpoint. The clarity of this classification is obscured somewhat by the 
inclusion of so many subgroups related chiefly to their microscopic appearance. Such 
detailed morphologic classification of cancer is usuallj- more confusing than enlightening- 
Once again an effort to prognosticate what will happen to a particular patient wif i 
cancer of the breast, based solely on the microscopic appearance of the lesion, remains 
unconvincing. This reviewer notes with pleasure that Paget 's disease of the nipple is con- 


sidered as primary cancer of the ducts. 

The surgical and radiologic treatment is adequately handled. The format of the 
book is excellent, the type pleasing to the eye, moat of the illustrations well reproduced, 
and typographic errors rare. Both the author and the publisher deserve praise for this 
monograph. 


Nathan A. Womack. 



OBSERVATIONS ON CAPILLARY AND VENOUS BLOOD 
IN TEAUI^IATIC SHOCK 

Herbert Gershberg,® ^LD., JI.S. 

New York, N. Y". 

T he simplicity of teclmique and apparatus and the speed of results ha\e 
given the recently described copper sulfate’ method for determining hemat- 
ocrits and plasma proteins a well-deserved popularity. This method was used 
routinely in our evacuation hospital as a guide in the treatment of the shock 
in war wounds and in the controlled fluid therapy in pre- and postoperative 
patients. 

Cannon and associates- in "World War I noted a disproportionately high 
erythrocyte count in capillary as compared with venous blood in cases of 
wound shock. Based on this, the authors of the copper sulfate method caution 
against using capillary blood specific gravity in cases of shock. The sugges- 
tion is made that differences in .specific gravity between capillary and venous 
blood might he used to diagnose the shut dowJi of peripheral circulation. This 
implication is also made by Scudder and Self.^ 

Using the copper sulfate method in the manner to be described, .simulta- 
neous capillary and venous whole blood and serum gravities were done on 
seventy-seven -w’ar casualties in varying degrees of secondary shock. The com- 
parative results proved of no value in the diagnosis of shock; in many in- 
stances capillary and venous blood serum can be used interchangeably. This 
communication is based on the seventj'-seven cases. 

METHOD 

All capillary and venous gravity determinations were done by one indi- 
vidual. The venous blood was drawn from the antecnbital vein whenever 
accessible and transferred to a tube containing 1 mg. ammonium-potassium 
oxalate mixture per cubic centimeter of added blood; 3 c.c. were allow'ed to 
clot in a test tube for serum. 

Capillarj' blood was obtained at the same time; whenever accessible, the 
car lobe was used. The skin was cleansed, dried, and punctured deeply with 
a lancette. The blood was drawn into a pipette and dropped immediately into 
the copper sulfate solutions. Any dropper with a moderately fine point can 
be used. Approximately ten drops of capillary blood were then collected in 
capsules for scrum. Small test tubes, as suggested by Kagan,'* were first used 
but were soon discar'ded for the capsules described by Lyon.^ Satisfactory 
cccepta clcs were made using glass tubing with an inside diameter of 3 mm. 

nf^clvca for rublic-itlon. Nov. 16. 1545. 

ndaro,<!s: Department of Phy.elolopical Chemistrj'. Yale Univer.«itj-. School of 
-eiiinne, Haven, Conn. 
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The length of the entire capsule was approximately 7 cm., with a capillary 
end about 1 cm. in length, and the “blowhole” was about 4 cm. from the 
closed end. There is A'ery little diflicully in filling this tube if it is shaken 
down between drops. Tlie blood wa.s allowed to clot, the capillary end broken, 
and the clot separated from the Avails. The open end was sealed Avith adhesive 
tape, placed in a coidced centrifuge tube, and sjnin down. 

For-measuring specific gravities of Avhole blood, solutions graded at inter- 
vals of 0.004 were found sullficienfiy accurate. In the plasma range, solutions 
graded at intervals of 0.002 were used. In comparing whole blood gravities, 
0.0005 Avas subtracted from the A'cnous blood A‘alue to correct for the added 
anticoagulant. This Avas also subtracted from the venous plasma. 

The procedure employed for the formol-gcl test Avas essentially comparable 
to that used by most others. Tavo drojis of 36 per cent formalin Avere added 
to 1 e.c. of serum, and one drop of formalin Avas added to 1 c.c. of plasma. 
The.tubes Avere mixed by inversion, corked, and left at room temperature for 
tAvelve hours. Degrees of A'i.seosity Averc estimated by tilting the tubes. Posi- 
tiA^e reactions Avere designated hy the numbers 3 to 4. ranging from a .slight 
change in Auscositj' to a solid gel. 


UESumAS 

Comparisons betAveen capillary and A-enoiis blood in sixteen normal sub- 
.iects are listed in Table I. In general, the eomparathm A-alucsfor Avhole blood 
aivd hematocrits arc in fairi.v close agreement. The first study on simulta- 
neous capillary and venous scrum protein Avas apparently made hy Kagan, 
using the rate of fall of a drop of serum as a nica-^urc of its protein content. 
In fourteen normal adults and tAvo children he found no dilTercnee more than 
0.2 Gm. per 100 e.c. With our technique the capillary serum A'alue is often 


Table I. Co.mpabisos or CAPiLLAnv asd Vesous Bi.oon in Nokmai, Subjects 


PATIEN’T 

WHOLE 

SPECmC 

Bl.OOO* 

ORAVITA' 

SEKVM PROTEIN'S 
(GM./lOO r.r.) 

pi.asma 

PnOTEIN'S* 

(GM./lOO 

c.c.) 

CAl.CUhATEIi 

lIEJI.VTW'BiT) 

(PEU cent) ^ 

VENOUS 

1 CAP. 

VENOUS 1 

CAP. 

VENOUS i 

au». 


1.0605 



6.8 

7.2 

47 

47 


1.0595 

1.059 

6.2 

6.3 

6,3 

48 

47 


1.0575 

1.058 

6.2 

0.5 

0,3 

45 

45 


1.059 


6.3 

6.6 

6,5 

47 

4S 


1.05S5 


6.2 

6.2 

0,7 

47 

50 


1.059 


7,0 

7.3 

7.3 

45 

46 


1.060 


6.2 

6.2 


49 

49 


1.061 


(>,S 

7,2 

7.3 

49 

49 

9 

1.0595 

1.059 

6.5 

7.2 1 

7.2 

47 

45 

10 

1.0595 

1. 0.5.0 

7.2 

7.1 


40 

45 

11 

1.058 

1.058 

6.7 

6.8 

7.0 

45 

45 

12 

1.0565 

1.056 

0.5 

6.7 

0.7 

43 

42 

1.3 

1.0565 

1.057 

.5.8 

6.0 

6.3 

45 

45 

14 

1.0585 

1.058 

6.3 

6.7 

6.5 

46 

45 

15 

1.0625 

1.060 

6.6 

7.S§ 

7.0 

51 

54 

16 

1.0575 

1.057 

6.0 

6.2 

6.0 

46 

45 


•O.OOOS has been s.uhtracteU for the anticoaeulant. 

"fVn calculating the hematocrit from the line chart, the serum protein value n-as useii. 
tSerum leaked out while centrifuging-. 

SGreat deal of squeezing necessary; serum hemolyzed, 






OBSERVATIONS OX CAPILLARY AXD VENOUS BLOOD IX TRAUilATIC SHOCK 383 


more than 0.2 Gm. higher. This might be explained by the difference in the 
manner of blood collection. Lowry and Hunter® have recently compared serum 
specific gravity of venous blood Avith finger and ear blood and have found no 
significant difference in normal indiA'iduals. 

Abnormally high capillary serum protein A'alues Avill be obtained if the 
capillary tube is not sealed and the centrifuge tube not tightly corked during 
centrifngation.^^Excessh’e squeezing with hemolysis of the capillary blood usu- 
ally results in high protein A'alues. To measure the effect of squeezing the ear 
or finger on the capillary Avhole blood specific gravity, the Aveights of the first 
drops of blood obtained after puncturing Avere compared Avith the Aveight of 
drops obtained after the capsule had been filled. The aA'erage fall in specific 
gi’aAity in the sixteen normal subjects Avas 0.002. - 

Examples of each type of injury causing traumatic shock are recorded 
and grouped in Table H. These include extremity Avounds AA-ith extensiA'e soft 
tissue laceration, extremity Avounds AAuth hemorrhage or fracture, chest Avounds 
nith hemothorax, abdominal AA'ounds, combined abdominal and chest Avounds, 
crush injuries, burns, and head AA'ounds. The findings in the remainder of the 
seventy-seven cases studied are, for the purposes of this report, essentially the 
same. There is no consistent or significant difference between capillary and 
venous Avhole blood graA-ity. Any discrepancy fits into the normal range and 
can usually be accounted for by the error in the method. 

The two eases of generalized edema included in Table 11 Avere studied to 
obtained the effect of edema on the capillary blood graA-ity. It is apparent 
from thes.e as Avell as from the traumatic cases Avith generalized edema due to 
lOToproteinemia that the effect on the capillary A-alues is not above the error 
in the method. 

In fifty battle easualities the eft’ect of squeezing on the capillary blood 
eiavity Avas, in general, the same as in the normal subjects. The aA’erage de- 
ciease Avas 0.002 in drops collected before and after filling the capillary cap- 
sule, irrespectiA’e of the degree of shock or the presence of edema. 

It was fully realized that the total serum protein did not indicate the 
piopoition of albumin and globulin. Thus a liA-poproteinemia due to a Ioav 
a nimiii fraction Avould be concealed by a rising globulin concentration, the 
I a piotein being normal. There is no accepted simple rapid quantitath'e 
js or determination of albumin or globulin separately. The only alterna- 
^Dc A\as to use a scmiquantitative te.st for hA-perglobulinemia. The serum 
ha strictly correlatiA'e with the serum globulin, yet it 

I*’ he positive in A’arying degrees in sera containing more than 
H'V -"l c.r.”'” In oA'er 250 determinations on seA’cnty-scven 

soldiers, many of Avhom Avere checked from eight to ten days 
"i.luiA. (ho reaction Avas positiA’e (1 pliisl on oiiIa* three occasions. 

aim . difiorencc bctAvccn the plasma and serum protein, Avhich is 

IT-iiil'.'iV' '’'ainly to fibrinogen. aA’crages 0.4 Om. per 100 c.c. of plasma 
file danger of using this factor to intcrcbange plasma and serum 



Tabt-e II. CAPiLuny and Vnors 



BATE time 
PA- OF OF 

TIENT IN- IN- 

JURY JURY 


TYPE OF INJURY 


TIME BI.OOD 
COEI/ECTED 


B. H. 10/8 ii P.M. Traumatic amputation 
and e.xtonsivc muscle 


B/P 

PULSE 

general 

CONDI- 
TION AND 


i 

COM- 

MENT 

60/40 

140 

Poor 


IT. n. 10/9 8 A.SI. 

11. 0. 12/1 8 P.M. 

C. L. 1/1 0 A-M- 

Y.B. 1/2 S P.M. 

G. W. 10/12 1 P.M. 

J. H. 11/21 

F.W. 11/30 3 A.M. 

H. V. 12/4 12 M. 


evulsion, right lower 
arm and shrapnel 
wound right thigh 


I’crloratcd wound left 
ankle, thigh, calf, but 
tock, and right foot, 
with muscle cnilSion 


Traumatic amputation 
left foot, with compound 
comminuted fracture 
left leg and penetrating 
wound right log and 
thigh 


Penetrating wound leg and 
thigh, with compound 
comminuted fracture 
femur; lacerated penis 
and scrotum; penetrat- 
ing wound arm and 
right thigh 


Land mine; compound 
comminuted fracture 
both ankles and destruc- 
tion right foot 
Gunshot wound left ankle, 
thigh, and penis; super- 
ficial wound back 


Shrapnel wounds both 
legs w'ith compound 
comminuted fracture 
tibia; exposed three 
days 


Land mine; multiple 
wounds arm, ankles, 
and forearm 
Gunshot wounds both 
thighs with compound 
fracture left femur 


10/0 

I20/C0 

106 

Fair 

IVarffl, piri: 

9 A.M. 


/ 4 



10/10 

120/78 

108 

I’nir 

IVann, pinl 

9:30 A.M. 





10/10 

93/45 

ICO 

poor 

Warm 

10 A.M. 




- 

10/11 

118/70 

160 

poor; 

IVarDi, no'si ' 

9:00 A..M. 



deliri- 

ous 


10/12 

10 A.M. 

112/70 

ICO 

Poor; 

deliri- 

ITara 




ous 

Wniffl, 

12/5 

88/40 

140 

Poor 

11 A.M, 




A 

12/C • 

80/40 

120 

Poor 

Waiffl, ' 

9 A.M. 
1/1 

1 P.M. 

42/35 

124 

Bad 

Pale, cool 


1/2 

10 A.Jt. 

75/45 

132 

Poor Pinl'cr, «« ^ 

1/3 

70/50 

160 

■pad; Palc.Boisl 

3 P.M. 



irra* 

tional ^ 

10/12 

6 P.M. 

80/G0 

110 

Poor 

f 

10/13 
9:30 a.m. 

105/70 

88 

Good ;• 

11/25 

50/30 

100 

Bad; 

11:45 A.M. 



uncon- , ' 

scious; 

died 

12/25, 

1:30 j 

11/30 

11 A.M. 

140/70 

160 

Bad' , 

i 

12/4 

0/0 

120 

Bad; X 

7 P.M. 


uncon- 


scious; 

died 

12/4 


11 P.M- 

*The United States blood contained 500 c.c. of anticoagulant solution to 500 c.c. o£ blood- 


B Stowes to Tp-TOitATic ‘Woeikds 


lEnOCS TREATMEKT 

N*D FLUID THEF^yr 

■WHOLE BLOOD 
SPECIFIC GRAVITY 

SEBtJM PKOTEIN 
(Gil. PER CEKT) 

PLASilA 
PROTEIN 
(oir. PER 
cent) 

PLASMA 

FORMOL- 

GEL 

CALCULATED 
HEMATOCRIT 
(PEP. CENT) 


1 VENOUS i 

1 CAP. 

1 VENOUS 1 

CAF. 

V 

1 VENOUS 1 

CAP. 


1.0505 

1.053 

4.8 

5.8 

5.0 

0 

39 

40 

otatioa at right upper 
mM/S, 11 p.li.; 2,000 
t United States* blood 
id 1,000 C.C. plasma 

1.0405 

1.0405 

5.5 

5.3 

5.6 

0 

23 

24 

t.\ . therapy 

1.0415 

1.041 

5.5 

5.5 

5.6 

0 

25 

24 

ndement some wounds, 
'/lO, 2 500 C.C. 

asma and 2,000 c.c. 
lited States blood 

1.0505 

1.0495 

4.6 

4.8 

5.0 

0 

39 

37 

■idement other wounds, 
/do 9 B.ji.; 1,000 C.C. 
uted States blood 

1.0465 

1.04C 

4.8 

4.8 

5.3 

2 

34 

33 

M- plasma 

1.0445 

1.044 

5.0 

5.1 

5.5 

4 

30 

29 

d c.c. plasma 12/4, 12 
amputation left 
'gh and debridement 
wads 12/5, 6 A.M.; 

0 C.C. plasma, and 

W C.C. United States 
<XkI 

1.0435 

1.0445 

5.1 

5.5 

5.3 

0 

29 

29 


d-d. therapy 

^405 

1.040 

4.9 

4.8 

5.3 

e.c.pW, 1/1, 

1.0405 

1.041 

5.1 

5.3 

6.0 

' '*dood and 900 
.• amputa- 

® 'd'lgh and testicle, 

i'-lO .AM. 

1.0395 

1.03S 

5.1 

5.3 

5.6 

blood and 1,500 

1.048 

1.049 

5.8 

0.0 

6.0 

>' ■' • therapy 

1.051 

R.B.C., 

1.052 

B.B.C., 

5.0 

5.0 

5.3 

wounds. 

3.4 

1.048 

3.55 

1.046 

5.1 

5.0 

5.3 

'■^PlA'maand 2,000 

•^"■'<^1 States blU 

y 

y 

y 

1.0435 

1.043 

5.6 

5.8 

6.2 


1.0445 

1.044 

6.0 

6.0 

6.5 

>1 '-'“'cd States 

1.0395 

1.039 

5.3 

5.4 

5.6 


0 25 

Opales.f 

0 24 

Opales. 


0 23 

0 33 

0 39 

0 35 

0 27 

Opales. 


0 27 

Opales. 


oo 


25 

•25 


21 


34 


39 

32 

2C 


oo 


0 












3S6 


GEKSURKHG 


TiS'^ 


1 

DATE 

TIME 


1 



G.tl.VEIi.VI. ; 


I*A- 

OP 

OF 

type of ISJl’RY 

TIME liROOp 

n/r 

PUI..SK 

coN’nr* ; 

TIOX AXD 

CO\’PIT,0\' ! 
SaIX IVi 

TIENT, 

ry- 

juny 

IN- 

JURY 

c.or.r.KC'i’KU 


COM- 

MKXT 

BfZlll 

T. J. 

12/1 

8 A.M. 

Slirapncl ivoiiiul lo^^ liaiul 

12/3 

30/0 

120 

Bad; 

IV.arn. pjl, 



7 I'.M. 




nith anUe 








five 

failure 

cdeB'.a 





12/0 
!) A.M. 

100/01 

100 

Poor 

IVarra, p2k 

W. If. 

4/11 

S I-.M. 

Giinsliof wound Imflock 

4/12 

00/0 

120 

Bad 

Pale 



with compound fr.'icture 
ileum 

•It.'lO P.M. 




Pale, coo! 


R. E. 

10/S 

10 A.^r. 

.Shrapnel wound upper 

in/.8 

04/5.S 

128 

Poor 



arm -with lacerated 

3:30 P.M. 








hracliial artery and vein 

10/9 

0 A..M. 

128/S2 

130 

Good 

■Uarm, 

('. K. 

11/23 

7 r.M. 

.Shrapnel wounds of both 

n/20 

90/33 

124 

Poor 

Pule; r.o 




thip;h.<i and .«crotum, 

3 P.M. 



edema 




with laocrntc<] femoral 
vein 

11/20 

7 P.M. 

73/40 

128 

Poor 

Piile: to 
edema 





n/27 
!):.30 A.M. 

100/03 

• 

104 

Fair 

Warm 

Warm 





11/2.8 
11:30 .\.M. 

100/00 

100 

Fair 

Pale 

M. E, 

4/12 

12 M. 

Gunshot wound tliigh with 

4/12 

70/40 

SO 

Bad 




lacerated femoral vein 

4:30 P.M. 







and scrotum 

4/13 

10 .VM. 

103/00 

72 

Poor 

Pinker 

K. J. 

ll/s 

•1 A.sr. 

Shell wound left ehe.st 

11/10 

130/100 

320 

Fair 

Warm 




with hemothora.v 

0 A,.M. 








n /11 

130/90 

128 

Fair 

y 

Warm 

11. J. 

12/8 


.Shell wound chest and mul- 

S;30 A.M. 
12/10 

320/80 

120 

Poor 

Pale 




tiplo wounds knee with 
compound comminuted 

12 M. 








fracture of femur 

12/17 

3 P.M. 

140/88 

88 

Fair 

pinker 

11. J. 

12/31 10:30 

Shrapnel wound abdomen 

12/31 

SO/ti.') 

84 

Bad 

Warm, 



A..U. 

with lacerated jejunum 

2:30 P.Jf. 


Fair 

Bad 

Warm, 

pink 

Warni,l'a'' 

IX IV 

'. 11/30 3 A.ir. 

Land mine; multiple per- 

12/31 

0 P.M. 
11/30 

135/.S0 

100/40 

88 

120 




f orations of intestine; 
traumatic amputation 

11 A.Jt. 








right foot 

12/2 

2 P.M. 

135/70 

lOS 

Poor 

Moist,P* 
died 12/J' 
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Cost’d 


IVIIOLE 

SPECIFIC 

BLOOD 

nP.AVITY 

.SEP.Ujr PP.OTEI.X 
(CM. per CEN'T) 

1 

P1..\SMA 
PROTEIN' 
(OSC. PEP. i 
i CE77T) 

1 

PLASJrA i 
FOKMOL- 
i OETj 

CAECri„i TED 
IIE.M.ITOCF.IT 

1 (PEP. CENT) 

VEXOrS ! 

CAP. 

VE.NOUS 1 CAP. 

1 

1 VE.VOCS 1 

CAP. 

1.0495 

1.050 

Finger 

1.052 

Ear 

5.1 

5.1 

5.0 

0 

37 

37 

1.0515 

1.052 

Finger 

1.05.3 

Ear 

0.2 

0.3 

0.5 

0 

Opales. 

37 

37 

1.0515 

1.051 

6.2 

6,0 

c.r 

0 

Opales. 

<> — 

35 

1.0485 

1.047 

5.6 

5,5 

5.0 

0 

.34 

38 

1.0445 

1.045 

4..8 

4.8 

5.0 

0 

31 

32 

1.04.^ 

1.042 

.3.8 

3.8 

4. .3 

0 

32 

31 

1.04.-! 

1.042 

Finger 

and 

ear 

.3., 8 

3.9 

4.1 

0 

32 

30 


1.0455 

5.1 

5.4 

5.0 

0 

32 

31 

1.0445 

1.044 

5.1 

5.2 

5.0 

Opales. 

4 

30 

29 

1.0415 

1.0.39 

5.0 

.5..5 

5.G 

0 

25 

22 

I.03S5 

1.0.3S 

o.i 

5,1 

5.0 

0 

22 

21 

l.OoS 

1.030 

5.S 

0.0 

0.7 

4 

47 

44 

1.056 

1.055 

5.0 

5.3 

0.3 

4 

45 

44 

1.0495 

1.0.50 

5.3 

5.6 

0.2 

4 

36 

30 

1.0505 

1.050 

4.8 

5.1 

5.6 

4 

39 

3S 

1.06] 

3.0(71 

0.2 

0.8 

0.4 

0 

50 

49 

1.001 

1.060 

0.2 

as 

IIf‘molv70(l 

7.2 

0 

50 

47 

l.(H j 

1.044 

5.S 

6.()' 

6..3 

0 

29 

f>^ 

1.0515 

3.04 «5 

5..3 

5.3 

G.O 

4 

39 

55 


PEOTOrS TEEATJtEXT 
ASD riA'ID TIIEKAFr 


Dpnfation two fingers, 
12/4, 6 P.if. 


0 C.C. plasma; three 
ampules of digitalis 


0 I,V. therapy 


10 C.C, plasma, 10/S, 

11 P.M. 

Jhridement of ^\ounds 
and ligation hraehial 
arietr and vein; 1,000 
C.C. LniteJ Plates blood 
DOO C.C. blood and 1,000 
e.c. glnco=e and saline ; 
Mcriridement wounds, 
and ligation femoral 

11/26, 0 AAi. 

® bV. therapy 


fdO f.(>. blood and 1,000 
plasma 

rapatation right hnee, 
2^® of plasma, 12/4, 

CAllnited States 
4'’)°^,’,?®® c-c- plasma, 

‘ '1 1,000 r.c. glueoso 
'■nd saline 

'iwtion of 130 C.C. 

SlVV®’ o-o- 

Elates t,ioo(i 

and SV-'- 

i*'iVino ^ nnd 

jon r.o 

' . *^icntjiv 

tv. . ^'atev 


and Tv Cl«- 

V. \y,‘\ l.IKKl 

iTT’ 
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GKRSlIBEnn 


TiSLEl 



DATE 

TlifE 



PA- 

OF 

OF 

TYPE OF INJURY 

TIStF. BI.OOD 

tient 

IN- 

IN- 

COU.ECTED 


JURY 

JURY 




n/p 

PUI.SE 

GENERAL 
CONDI- 
TION AND 

CONDITIOX OF 
SKIN* AKD 



COil- 

MENT 

EDEMA 


D.A. 12/26 


0 . R. 12/2!) 2 P3r. 


R.l). 10/21 9 A.M. 


M.W. 11/7 3 P.Jf. 


Shell wound chest into ab- 
domen through spinal 
cord 


Shell wound fracturing 
kidney, through liver, 
into lung mth pneumo- 
hemothorax 


Vehicle overturned; crush 
injury chest with frac- 
tured humerus 


Crushed between wall and 
truck; multiple rib 
fracture 


M. H. 10/11 8 A.it. Second-degree burns of 

62 per cent body sur- 
face 


K. E. 4/16 4 A.M, Second-degree bums, legs, 

hand, face; 45 per cent 
body surface 


M. S. 4/16 4 A.M. Second-degree burns face, 

wrist, thigh, and but- 
tock; 30 per cent body 
surface 


H. N. 11/24 7:30 A.M. Compound comminuted 
fracture frontal bone 
with evisceration and 
lacerated brain u-ith 
extensive hemorrhage 
D. E. Nephrosis 


11 /2S 
11;.30 A.M. 

9.1/05 

1.32 

Poor 

IVarm, pinl 

11/28 

90/50 

132 

Poor; 

Moist; 

jaundiced 

7 r,u. 



died 




12/4 

Pale, moist, 

12/30 

125/100 

108 

I’oor 

10 A.M. 

• 




12/31 

145/85 

140 

Poor 

Edema of 

10 .A.M. 



ankles 

10/21 

80/60 

140 

Poor 

Warm, pink 

10 A.M. 


(Irrcg.) 



10/21 

30/20 

140 

Poor 

Warm, pink; 

2 P.M. 



died, 3 M. 

11/7 

6:30 P.M. 

70/40 

140 

Poor 

Pale, cold 

11/8 

8:30 A.M. 

100/60 

120 

Fair 

Warm 

Edematous 

10/12 
9:30 P.M. 

100/80 

124 

Poor 


10/13 

10 A.M. 

118/80 

128 

Poor 

Edematous 

Edematous 

10/13 
8:30 P.M. 

128/00 

138 

Poor 

Little leg 
edema 

4/16 

10:30 A.M. 

100/80 

112 

Bad 

■i/17 

9 A.M. 

90/70 

120 

Poor 

Little leg 
edema 

4/18 

9:30 A.M. 

90/60 

124 

Poor 

.Moderate kg 
edema 

4/16 

11 A.M. 

125/85 

64 

Poor 


! 

4/17 

100/65 

60 

Fair 

Eo edema 

9 A.M. 
U/2i 

85/50 

80 

Bad; 

Pale 

10 A.M. 



uncon- 

scious 


5/9 

170/110 



Edema fa'®' 
hands, and 





legs, and 
ascites 


5/13 


Edema fae*; 
hands ana 


Vf. R. 


German prisoner for eight 
months; nutritional de- 
ficiency 
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RETIOVS treatment 
iND FLUID THERAPY 


A 

WHOLE BLOOD 
SPECIFIC GRAVITY 

SERUM PROTEIN 
(Gil. PER CENT) 

.VENOUS 1 C.AP. 

VENOUS 1 CAP. 


PLASMA 

PLASMA 

PROTEIN 

formol- 

(gm. per 

GEL 

CENT) 


CALCULATED 
HEIIATOCF-IT 
(PER cent) 


VENOUS [ 

43 


CAP. 

41 


iration of chest, 

1/26; 1,000 C.C. blood, 
1/27; splenectomy, 
1/25 

I.V. therapy 


1.0573 1.0575 


6.0 


6.1 


6.3 


6.5 


46 


45 


iracotomy and laparot- 
imy, 12/30, 2 AM., 

1,000 c.c. blood at oper- 
dion 

1.055 

1.053 

5.5 

5.S 

5.7 

00 C.C. glucose and 
raline 

1.060 

1.061 

5.3 

5.8 

6.0 

1 1.V. therapy 

1.0565 

1.0535 

5.4 

5.6 

5.3 

0 C.C. plasma and 500 

1.048 

1.0485 

0.1 

5.1 

5.4 


0 43 40 

1 50 51 

0 46 41 

0 34 35 


c-c. blood; autopsy 
showed hematoma of 
chest and back muscles 
0 c.c. plasma 


0 C.C. plasma and 1,000 
C.C, United States blood 
MO C.C. plasma; local 
uebridcment 

300 c.c. plasma 

300 c.c. plasma 

300 C.C. plasma 


’*30 C.C. plasma and 
1,000 C.C. 5 per cent 
Elucosc; local dfibride- 
ment 


1.0515 

1.031 

5.5 5.5 

5.6 

0 

38 

38 

1.050 

1.031 ’ 

5.1 5.1 

5.3 

0 

37 

38 

1.0645 

1.064 

Toe 

6.2 

Squeezed hard 

5.6 

0 

Opales. 

— 

54 

1.0605 

1.061 

Toe 

5.6 5.8 

6.2 

4 

50 

51 

1.0555 

1.053 

Toe 

5.5 5.6 

6.5 

4 

44 

41 

1.0645 

1.064 

6.2 7.2 7.0 

Centrifuge leaked 

0 

55 

52 

1.0625 

1.064 

5.8 6.2 

6.0 

0 

Opales. 

53 

54 


, !®t> M. plasma; drink- 
ing freely 
*3 n.c. plasma 


debridement ; 
dnnking freely 
" plasma at 8 a.m. 


1.0605 

1.059 

4.8 

5.1 

5.7 

4 

52 

49 

1.0553 

1.059 

6.5 

7.9 

7.0 

0 

42 

44 


Ear 


Excessive squeezing 




1.0535 

1.054 

6.2 

6.6 

6.7 

0 

40 

39 




Finger 


Opales. 



1.0415 

1.041 

Finger 

4.6 

4.6 

5.1 

0 

27 

27 

1.0465 

1.045 

Ear 

1.045 
Finger 

1.046 
Toe 

4.5 

4.4 

5.0 

0 

34 

33 

1.0475 

1.046 

4.4 

4.4 

5.0 

0 

36 

34 

1.0425 

1.040 

2.7 

2.7 

2.9 

0 

34 

31 


Ear 


1.042 

Finger 
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{iKKSHHHIKi 


Tabu; HI. IJkbatio.vsiiii' op FinKiNO(if:.s', Gbavity-Calculated Fibhinooen, 
ANB Till; FOUMOB-Gi;ii TeST 



[ ITBUIXOfJEN 1 




VATIKXT 

GBAATTY 

CALCin.ATr.It* 

(GM./lOO 

c.c.) 

TYUOSIXE 

(GM./lOO 

(’.C.) 

KOKMOI. 

rr.ASMA 1 

SEBUM 

SERUM 

OLOBULIX 

(GM./lOO 

C.C.) 

1 

1.0 

0.486 

4 

0 

2.86 

2 

0.9 

0.565 

4 

0 



0.9 

0.470 

1 

0 

Opalc.'. 

1.00 

•} 

0.8 

0.285 

0 

0 


5 

0.8 

0.532 

n 

• t 

0 

' 

fl 

0.8 

0.476 

4 

0 

Opali’s. 


7 

0.8 

0.476 

1 

0 


s 

0.8 

0.600 

4 

0 


0 

0.8 

0..540 

4 

0 


to 

0.8 

0.500 

4 

0 

1.40 

n 

0.7 

0.361 

0 

0 

2.50 

12 

0.7 

0.361 

0 

0 

2.11 

IS 

0.7 

0.322 


0 


14 

0.7 

0.470 

0 

Opalcs. 

4 

0 

2.73 

LI 

0.7 

0.460 

0 

1.00 

16 

0.3 

0.470 

O 

0 


. 17 

0.5 

0.402 

0 

Opalcs. 

0 

Opalcs. 


18 

0..3 

0.580 

4 

0 


19 

0.5 

0.500 

4 

0 


20 

0.5 

0.480 

1 

0 


21 

0.5 

0.580 

4 

0 

2.44 

22 

0.5 

0.430 

1 

0 

1.66 

2.S 

0.5 

0.400 

2 

0 

Opnles. 

3.40 

24 

0.5 

0.290 

0 

0 

1.30 

23 

0.3 

0.302 

0 

0 

1.75 

20 

0.5 

0.340 

0 

0 

1.80 

27 

0.4 

0.386 

0 

0 


28 

0.4 

0.340 

0 

Opnle.s. 

0 


29 

0.4 

0.300 

0 

0 

2.20 

;io 

0.3 

0.393 

4 

0 

31 

0.2 

0.328 

0 

0 


'32 

0.2 

0.330 

1 

0 

1.25 

.33 

0.2 

0.389 

0 

Op.'ilcs. 

0 

2.10 

34 

0.1 

0.344 

0 

0 

2.54 

35 

0.0 

0.340 

4 

0 




*0.0005 was subtracted from the plasma gravity for the anticoagulant. 


values, 01- of iucoiisislehtly using the serum value and then the plasma, is 
evident from the data in Table II. The error is particularly large in those 
conditions in vhich fibrinogen production is stimulated;” in this series these 
include burns, extremity wounds Avith destruction of large muscle masses, pen- 
etrating- chest wounds with hemorrhage and effusion, and abdominal woumls 
with peritonitis or hemoperitoneum. 

In Table III are data comparing fibrinogen*'' values Avith plasma-serum 
gravity differences. In general, the greater the gravity difference, the higher 
the fib rinogen value, but no linear relation exists. A closer association exists 

and giSmim? » dlti^^inatfonsf'' Laboratory, performed the flbrinoffen 
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between the plasma formol-gel reaction and the fibrinogen level. lA ith four 
exceptions (Cases 13, 30, 32, and 35) a positive forniol-gel is associated with 
a filirinogen of 400 mg. per cent or higher. All fibrinogen levels between 400 
and 500 mg. per cent are associated with a positive gel of some degree or a 
definite opacity. Plasma with fibrinogen between 500 and 600 mg. per cent 
invariably gives a strong reaction. 

The serum globulin, when present in normal amount, does not appear to 
have a significant effect on the formation of the plasma gel. Inasmuch as 
serum containing more than 4 Gm. per cent gloluilin forms a gel on the addi- 
tion of formaldehyde, it is very probable that a certain fi-aetion of the serum 
globulin, when present in excessive amounts, enters into the formation of the 
plasma gel. Wise and Gutman,® in a study of the serum formol-gel reaction 
as a te.st for hyiierglobulinemia, warn against the “false positive reactions” 
occurring in plasma while the corresponding sera are negative. They declare 
that even moderately increased fibrinogen will cause the plasma reaction to 
become positive. From our findings it is evident that a close parallelism exists 
between the amount of fibrinogen and the intensity of the plasma reaction, 

^ ivhen the serum globulin is within normal limits. 


DISCUSSION 


The inability to corroborate Cannon’s findings of increased capillaiy ery- 
throcyte concentration with specific gravity measurements requires examina- 
tion for the differences in subjects and technique. It is tine that shock is 
treated earlier and more vigorously with plasma and blood in World War II 
than in World War I. Yet we have studied a .sufficient number of patients 
'vho had been given no previous infusions, as well as a larger number that 
iverc seen in severe shock after having received a minimal amount of plasma 
and blood. It is unlikely that our consi.stently negative findings can be due 
to the more intensive therapy in World War 11. 


The amount of blood taken from the ear or finger assumes importance if 
I'c admit, as Cannon suggests, that in shock the blood corpuscles accumulate 
>n the capillaries of the skin. At best, blood procured by lancet is an admix- 
tmc of capillary, venous, and arterial blood. The more blood we express, the 
moie it is mixed with venous and arterial blood. Although Cannon does not 
(^esciibe the technique in detail, it may be assumed that the first or second 
>op uas used for the erythrocyte determination. Moreover-, a smaller drop 
's needed for a red cell count than for our gravity measurement. With o-ur 
met rod the capillary gravity range could not be aecui-ately anticipated, and 
lom oiie to three drops of capillary blood wei-e expressed before the coi-rect 
8'fi''’ily was obtained. The actual effect of this difference in technique 
( be determined by either using a falling di-op method which estimates 
lip ^ single drop of blood, or by doing simultaneous ei-ythi-ocytc. 

oiiiog obin. and specific gravity determinations on the capillai-y blood. Laclr 
I'lic 011(1 facilities prevented us from doing this. 
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There are several facts which are not easily explained by technical dif- 
ferences. First, Cannon ran hematocrit and hemoglobin determinations and 
erythrocyte connts in seven eases of shock and found the results to be com- 
parable. Second, in the last stage of our study wo determined the venous 
blood gravity first and then dropped the first drop of capillary blood in this 
range. Four patients in shock were examined in this manner; one exhibited 
a capillary gravity 0.004, another 0.003 higher than that of the venous blood 
(corre.siJonding to a hematocrit 5 volumes per cent and 4 volumes per cent 
higher, respectively), and the other two showed no significant change. Third, 
the squeezing associated with filling the capillary capsule caused e.ssentially the 
same drop in capillary blood specific gravity in those patients in shock as it 
did in normal subjects. 

SUMMARY 

1. Simultaneous comparisons of capillary and venous blood gravity in 
seventy-seven severely wounded soldiers showed no tendency of the capillary 
blood to be more concentrated than the venous. The gravity difference be- 
tween capillary and venous blood proved of no value in the diagnosis of the 
severity of shock. 

2. "With due attention to the sources of error, capillary blood may be used 
in place of venous blood for determining hematocrits and sei’um protein. The 
effect of shock or edema on capillary values is not greater than the error m 
the method. 

3. As calculated from specific gravities, the proteins of serum are from 
0.5 to 1.0 Gm. per 100 c.c. lower than the plasma proteins in those conditions 
in which fibrinogen production has been stimulated. These conditions include 
burns, wounds with abundant muscle destruction, chest wounds with hemo- 
thorax and effusion, and abdominal wounds with peritonitis and hemoperitoneiim. 

4. In over 250 determinations on wounded soldiers studied up to ten days 
after injury, the serum formol-gel reaction was faintly positive on only three 
occasions. There is a close con-elation between the fibrinogen level and the 
plasma formol-gel reaction. The latter does not appear to be affected by serum 
globulin that is within the normal range. 
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STUDIES IN COMPDl'DIENT FIXiVTION 


11. FiiES’ciiVATiox OP Siippp’s Blood ix Citkatk Duxtho-sk ]\rixTui!i:.s (JIoDiriEU 
Alsi^vkr’.s Solutjox) rou Usk ix niic Co.mi’Mcmrnt Fixation Eeactiox 

Captaix S. C. Bukaxtz and Lieutkxaxt Coeoxki. C. R. Reix, JIedical Corps, 
AXD Captain J. F. Kent, Saxitaky Corps, Ahmy op the United States 

With the Technicae Assistance op Redecca (Joodman, JI.T. 

T ]fE iiK'Pcasiiifi u.se of pre.sorvfd liuni.iii blood for lr;in.sfii.sioii jnirposes lias 
siimuhitcd iiivc.s/i'ridioii.s do.si'rnod lo tvsliiblisli idcol b]ood-i)re.scrving solii- 
iionsJ'^ The best of lIio.se liavo enijiloycd varyiiif' isosmotic concent rations ol 
dexlro.se, cilralc, and .sodiinii ohioridc al slifililly differing hydrogen-ion con- 
ceiitration.s. The blood is stored in the Yarious .sohilion.s in final concentrations 
ranging from 20 lo 00 per cent, the dilution factor it.self ai>j)aren11y influencing 
the efficiency of jire.servalion. Kendrick and associale.s" recently found modified 
Alsever’s .solution^ a.s acceptable a.s any Je.sled and, employing thi.s’ soliilioH) 
developed a praclii'al method of .snppl\-ing pre.serYcd blood to the European 
Theater of Operations. 

A prc.servalion lecimique for maintaining uniformity in (he properties of 
sheep ’.s erythrocyte.s ivoiild be a great laboratory convenience. Iilo-st laboriitones 
at present jireparc .sii.spen.sion.s of cells from defibrinated blood or blood col- 
lected into sodium citrate solution with or without the formalin advocated by 
Kohner’'’; cells so pre.served liavc been stated lo remain .satisfactory for u.se oyer 
short periods. It would he of great advantage to omjiloy pre.serving fluids which 
would maintain tiic properties of sheep's blood over long periods and during 
practical methods of transportation. Quantitative studies in this laboratory in- 
dicate that the aseptic collection of .sheep’s blood in modified AIscA'cr's solution 
al ordinary temporature.s and subsequent refrigeration permits tiie jirc-servation 
of the blood for at least ten weeks- (tlie duration of the experiment) Avithont 
dei'elopment of appreciable liemolysis or change in su.sceptibib'ty to l.vsis h.' 
guinea pig complement and rabbit amboceptor. 


IvXrERIAIEXTAL 


Glass vaccine vials, calibrated at 30 ml., were fitted with rubber .stoppc'® 
and evacuated. Using a.scptie pi-eeaufions, a series of eight vials iverc prepared to 
contain, respectively, 6, 9, 12, 15, IS, 21, 24, and 27 ml. of sterile modified 
Alsever’s solution. Five millilitei’s of sterile 4 per cent sodium citrate u’cre 
added to a ninth vial. Each vial u-as then a.septically filled to the 30 ml- 
with .slieep ’s blood obtained al a .single bleeding ivith the aid of a donor set of 

From the Division of Serologr. Army Medical School, Army Medical Center, AVasR' 
ington, D. C. 


Keceived for publication, Dec. 5, 1945. 

♦Each too ml. of Alsever’s .-solution contains: dextrose, 2.0,'; Gm. : sodium 
Gm. : and sodium chloride, 0.42 Gm. TJie original Alscver formula has been recently 
fled by the addition of 0.055 Gm, of citric acid per 100 ml. The finally sterilized soluu" 
has a pH of 6.1 and shows very slight or no evidence of caranielization. 
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Ihe type described by Elliott and Nessett.” The resulting suspensions, varying 
in blood coneentration from 10 to SO per cent, were stored at from 3 to 6 G. 
.for the duration of the experiment and rvere mixed only before each remoral of 
samples for analysis. At intervals of two, six, ten, seventeen, thirty-four, fifty - 
three, and seventy-four days after bleeding, the blood su.spen.sions were mixed 
thoroughly by inversion and appropriate quantities removed aseptieally. Por- 
tions containing 0.25 ml. of each mixed sample were added to a quantity of 
distilled water calculated to yield a 1 :125 final cblution of the whole blood con- 
tent of the sample, and the optical density of the resulting lysate was detennined 
on the Coleman Junior Spectrophotometer" at 580 mu. A portion of the super- 
natant fluid of the sample, obtained after centrifugation, was similarly diluted 
and the optical density determined. The optical density of the diluted super- 
natant divided by the optical density of the diluted whole blood lysate x 100 was 
taken as the percentage of spontaneous hemolysis which had occurred during 
storage. Samples of each mixture were then washed with four changes of 
11/200 phosphate buffered saline, pH 7.3, and the volume of packed cells read 
in calibrated centrifuge tubes after a final centrifugation at 2,000 r.p.m. for ten 
minutes. The packed cells from each .sample were brought to 2 per cent con- 
centration by diluting to 50 volumes irith bufiei’ed saline, and the optical deinsity 
of a lysed 1 ;5 dilution of each 2 per cent suspen.sion in distilled water was de- 
termined at 580 mil. 


A portion of the 2 per cent suspension made from the 50 per cent blood 
mixture was sensitized witli an equal volume of the optimal rabbit amboceptor 
dilution,'^ and the quantity of guinea pig complement required for 50 per cent 
liemolysi.s was determined by speetrophotometrie titration.’^ Then portions of 
the other 2 per cent suspensions were sensitized similarly ■with rabbit ambo- 
ceptor, and the percentage of hemolysis obtained with the above 50 per cent unit 
of complement was determined for each suspension. The 50 per cent unit for 
each suspension then was calculated with the aid of predetermined volume 
iactors,'-’ and the remainder of the 2 per cent sus"pensions was stored overnight 
ot from 3 to 6° C. On the following day portions of the stored 2 per cent sus- 
I’cn.sions were sensitized, and the 50 per cent hemolytic units again were de- 
‘C: mined in the same fashion using the lot of complement employed for the pre- 
Mous day s tc.sts. Finally, a portion of each stored 2 per cent .suspension was 
centrifuged at 2,000 r.p.m. for ten minutes, and the optical density of the 
'indiluted supeniatant fluid was determined at 580 m.u. The percentage of cells 
icinolyzed during overnight storage of the 2 per cent suspen.sion was determined 
fiom the following fonnula: 


I'creentagc of hemolysis = 


Optical density of undiluted supernatant 
Optical density of 2 per cent cells y 5 


y 100 


RESULTS 

The SO j)ei- cent blood mixture, in wiiich tlic final concentration of citrate 
“" 'y *1-16 per cent, had clotted completely after six days, and the 70 per 

Mrulf] rnanufacturet! by Coleman Klectric Co., MaywooJ. 111., p.r.d New York. N. Y. 
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Tadlk I. Quantitative Studies With Peeseiivkd Sheep’s Bi.oou 


II 

I DAA'S 

BIXDOD AlTEk 

MIXTURE REEEDING 

III 

SAMPLE 

(ML.) 

IV 

rACKKI) 

CKLLS 

(MI.,) 

V 

O.D.* OF 

MixTuni: 

1:12.5 

SUSPENSION 

AT 

O.D. OF ATI 

hem- 50% 

OLA'ZED unit! 

2% (ML.X 

CELLS 10-3) 

RESULTS AVITH 
SUSPENSIO.X A 
STORAGE OVEKA 
ATII 

50% 

UNlTl HEM 

(JIL. X DURIXO 

10-3) (FEE 

IV 

2 

3.0 

■i‘nTM 

.490 



2.0 


AlsoA’cr’s (15 ml.) 

0 

3.0 

0.02 

.458 

.523 

1.80 

1.87 


Blood (15 ml.) 

10 

3.0 

0.70 

.470 

.485 

1.03 

1.59 



17 

3.0 

0.08 

.450 

.510 

1.81 

1.55 



34 

3.0 

0.55 

.472 

.512 

1.78 

1.80 



53 

3.0 

O.GC 

.452 

.495 

1.03 

L57 



74 

3.0t 

0.02 

.490 

.474 

1.54 

1.01 


IX 

2 

2.0 

0.70 

.402 

.497 

1.95 

2.08 


4 per cent citrate 

C 

2.0 

0.75 

.452 

.483 

1.78 

1.80 




2.0 

0.S4 

.450 

.479 

1.04 

1.04 


Blood (25 ml.) 

17 

2.0 

0.80 

.472 



1.58 



34 

2.0 



.497 

1.79 

1.77 



53 

2.0 

0.75 


.498 

1.02 

l.Ooli 



74 

2.0} 


.452 

.450 

1.55 

i.cor 

1 


•O.D., Optical dentistry determined at 6S0 m;i. 

tComplement unit, ' 

tl.8 per cent hemolysis In this sample. 

§2.5 per cent hemolysis in tills sample. 

UTIiese represent the unit of complement required for the hemolysis of residual intact ccl 
course of the titration the color due to spontaneous hemolysis of the 2 per cent suspension was 
by the use of a blank prepared from its supernatant nuid. 


cent blood nii.xturc showed a few small clots after several weeks. Clotting 
not occur in the remaining mixtures. In Table I are summarized the data 
tained with the 50 per cent blood- Alsever ’s mixture (Suspension IV) and 
parallel data obtained with the citrated blood mixture (Suspension IX). 
suits obtained with the 20, 30, 40, and 60 per cent blood mixtures were as si 
factory as those recorded for the 50 per cent mixture. Tlie yields of packed ( 
obtained and the optical densities of the original blood mixtures and of tl 
-per cent suspensions prepared therefrom Avere quite constant, suggesting ' 
there Avas no tendency toAvard irrevei-sible change in cell size during the co’ 
of storage. Spontaneous hemolysis of 2.5 per cent Avas obserA’cd in the sin 
citrate blood mixture after seventy-four days and AA-as only slightly greater 1 
that observed Avith the 50 per cent Alsever’s mixture. Daily A’ariatioiis in 
absolute quantity of complement required for 50 per cent hemolysis of the 2 
cent suspensions from the given mixture are the expected variations obtai 
Avhen different ampules of sublimated complement are employed. The 50 
cent unit I’equired for Suspension IV Aims also in very close agreement Avith 
required for Suspension IX. It is especially noteworthy that the 2 per cent 
pensions after storage overnight remained quantitatively unchanged in t 
response to lysis by complement and amboceptor. This Avas equally trui 
the unhemolyzed cells of the citrate blood mixtures at fifty-three and seve 
four days. The use of these 2 per cent suspensions in complement fixation t 
employing an overnight fixation period, hoAA'CA’er, is contraindicated bj’ the 
currence of 5 and 11 per cent hemolysis in the stored 2 per cent suspensi 
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Such a degree of hemolysis leads to errors in estimating the degree of inhibition 
of hemolysis by serum plus antigen in an overnight fixation test. Since many 
complement fixation procedures are most sensitive after eighteen hours of re- 
frigeration of test mixtures, this diminishes the usefulness of cells preseired in 
citrate alone. 


This laboratory has tentatively adopted the use of modified Alsever’s solu- 
tion for the presen'ation of sheep corpuscles vrhile additional studies are in 
progress One hundred fifty milliliters of sheep’s blood is collected asepticaUy 
in a sterile vacuum bottle containing 150 ml. of modified Alsever’s solution. 
After thorough mixing, the mixture is aseptieally^ dispensed into six sterile 50 
ml. evacuated vaccine mals and stored at refrigerator temperature. Quantities 
of blood mixture are aseptically vrithdraxvn from these vials as needed. Main- 
tenance of strict asepsis is facilitated by' introducing a sterile cotton-filled air- 
vay into the rubber cap before vithdraiving the desired quantity of the blood 
mixture into a sterile syringe. In our experience vuth several sheep, 15.0 ml. 
of such a mixture vrill yield sufficient packed cells for 200 ml. of a 2 per cent 


suspension. On one occasion, a vial of preserved blood was flown to the Carib- 
iiean area where it remained at room temperature for two weeks and was then 
flown I)aek to this laboratory. Upon arrival here, the mixture showed no hemoly- 
sis, and a 2 per cent suspension prepared from it required the same complement 
unit for 50 per cent hemolysis as a 2 per cent suspension prepared at the same 
bme from a mal of the same mixture which had been refrigerated at this lab- 
oratory throughout this period. After three days in the refrigerator, however, 
the blood mixture which had been at room temperature for several weeks under- 
"cnt considerable hemolysis. This was apparently a delayed osmotic hemolysis 
of tile tj-pe encountered with human blood by DeGoivin and associates' in the 


use of a modified Rous-Tumer preserving mixture. Under ordinary circum- 
stances, however, sheep ’s blood collected in Alsever’s solution at room or mild 
outdoor temperatures can be subsequently refrigerated vrithout undergoing os- 
[uotic hemolysis. This is similar to the experience of Kendrick and co-workers' 
ui file use of modified Alsever’s solution for the collection of human blood. 
The uniform behavior of cells preserved in this fashion is further attested by 
the fact that tlie slope of the curve of hemolysis with complement remains eon- 
''tant throughout the period of storage.’^ 


_ Several blood-citrate mixtures were also prepared according to the method 
01 Asiiby.” Since considerable hemolysis occurred fairly rapidly, both in these 
stored mixtures and in washed 2 per cent suspensions prepared from them, the 
Recommended citrate mixture was considered inferior to Alsever’s solution. 
I'cnty.five millilitei-s of sheep’s blood were also treated with 6 Gm. of Amber- 
s'id ' ^ucommended by Steinberg.^' After only seven days of preservation, con- 
SK ora fie liemolysis occurred following refrigeration overnight of 2 per cent sus- 
Unsioiis^ prepared from this mixture. After eleven days of preseiwation there 
u'ifi hemolysis of this blood, and packed washed cells were resuspended 
’flleulty. It .should be noted, however, that the original colls and the 
ua unhemolyzed cells of the later mixtures sliowed quantitatively the 
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same susceptibility to lysis by conijilement jis tlitl cells ])reservt'd in citrate or 
eilrate-dext rose mixtures. 

Preliminary studies bave al.so been made witli a citric acid-sodium citratc- 
ghieo.se mixture prepared a.s reeomniended by Loutit and associates.- Moderate 
elot foi’malion occurred .slioj-lly after the mixture was made, probably due, as 
Ijoutit and associates suggest, to the relatively low concentration of citrate 
radical which recpiired that f^reater care be taken with (his .solution to as.siire 
thoroufih mixins’. In addition, 19 per cent hemolysis had occurred in the 
mixture after only forly-ei^dif da.vs of storage, an amount considerably greater 
than that encountered with Alscvor s .solution. 

No attempt was made to assess the comparative value of 90 per cent blood 
mixtiu’cs containing final concentrations of 0.5 jier cent .sodium citrate and 2 
jicr cent dextrose as recently I'eeommcnded by Coffin.'® It .should be noted that 
Coffin encountered considerable hemolysis in hi.s mixture exposed to S5° P. 
whicli constitutes a di.sadvantage in its ii.se. It is iiossibic that lhc.sD mi.xiurcs 
undergo i.sosmotic hemolysis of the tj'pc de.scribed by DeGowin and co-workere.” 

DISCUSSIOX 

Tlie duration of prc-s-ervation of sheep ’.s blood for use in the complement 
fixation reaction is dependent upon the same factors wbicli influence tbe 
preservation of buman blood; llie.se factors are: (1) strict iisepsts during the 
withdrawal, storage, and daily removal of the blood samjile, (2) adequacy of the 
preserving fluid and the ti.sc of optimal blood-jire.serving fluid ratio.s, and (3) 
storage under refrigeration. 

The necessity of maintaining absolute asepsis in all stages of handling the 
sheep hs blood cannot bo overemphasized. Contamination of the stored nuxiute 
will ordinarily result in prompt and progre.ssive liemolj-sis of the cells. The 
use of coramereially available*' sterilized and evacuated bottles containing the 
required amount of modified Alsever’s solution greatly facilitates maintenance 
of absolute asepsis. An evacuated 300 ml. bottle containing 150 ml. of Alsevers 
solution provides a most convenient unit for the collecfion of 150 ml. of Wood. 
Under these conditions it is not necessary to use a bleeding set cqui])ped with a 
A’alve; a short length of rubber tubing equipped with a small screw clamp ai' 
fitted with a 16-gauge needle at one end and 17-gaugo at the other will serve as 
a most satisfactory bleeding unit. 

The present investigation lias not attempted an exbaustiA'c survey of pre- 
serving fluids for use in prolonged storage of sheep 's blood. Jlodificd Alscver s 
solution, used with an equal volume of blood as described, proved sufficieihl) 
satisfactory to meet tlie needs of the average serologic laboratoio', and it has been 
adopted for that reason. Later studies may Avell define other preserving fi"'® 
c.<ipable of extending the time of storage of sheep's blood AA-ell beyond that de- 
scribed in the present instance. 

It is of considerable interest that blood preserved in Alsever’s soluho" 
will survive storage at room temperature for appreciable periods. This propcdl 

^ Cfcntrj-Vao, mamifactured by Baxter Laboratories, Inc., Glenview, I»-' 

College Point, N. 1 . 
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makes it possible to transport suck blood mixtures for considerable distances 
without necessitating refrigeration during shipment. The limitations of room 
temperature shipment as a practical method of dispatching sheep’s blood from 
a central distributing point are still under investigation. 

SUMMARY 

Sheep’s blood, aseptically collected in equal volumes of modified Alsever’s 
solution at ordinar}- temperatures, may be preserved under refrigeration for 
at least ten weeks without significant alteration in susceptibility to Ij'sis by 
complement and amboceptor. Blood collected in this fashion has been trans- 
ported and maintained at ordinar-y temperatures for at least two weeks with no 
change in these properties. 

The preservation of sheep's blood in modified Alsever's solution as described 
may not yet be the best available method. It has been exclusively used in this 
laboratory, however, during the past ten months with complete satisfaction. 
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HOMOLOGOUS AND HETEROLOGOUS STRAINS OF PLASMODIUM 
VIVAX; A CROSS-INOCULATION STUDY OP MALARIA 
STRAIN IMJIUNITY 

Captain Lawrence I. K^iplan, Lieutenant Colootl Hilton S. Read, 

AND Major Frederic T. Becker 
JIedical Corps, Army of the United States 

With the Collaboration of SIark P. Boyd, SI.D.* 

P REVIOUS investigations of tlie immune response to vivax malaria have 
demonstrated that strains of Plas^nodium vivax differing in geograpliic origin 
are dissimilar in their stimulation of the immune mechanism.’ This difference 
between suhstrains of the same species of malaria is best illustrated by the 
technique of cross-inoculation, whereby a heterologous strain produces definite 
clinical activity following the reinoculation of a patient who had previously ex- 
perienced clinical activity with another strain. Homologous strains are repre- 
sented bj' minimal or absent clinical activity on reinoculation in the same in- 
dividual. The demonstration of these characteristics of homologous and 
heterologous strain immunit}' on a quantitative basis has aided in solving the 
provocative problem of dealing with the partially immune response to malana 
inoculations in the treatment of neurosyphilis. 

Variations in the susceptibility of different individuals to therapeutic 
malaria have been adequately considered in a previous publication." Because of 
apparent native immunity to vivax malaria, all Negroes, Puerto Ricans, Me-x- 
icans, and Mediterranean peoples are primarily inoculated with quartan malaria 
at this institution. Similarlj', aU white patients vdth definite histories of 
previous attacks of natural malaria are initially inoculated with a quaifan strmn. 
The real problem, therefore, arose in the group of other white individuals, mth- 
out definite histories of malaria, who experienced partially immune responses 
following vivax inoculation. 

Partial immunity is recognized by the characteristics of both the chnica 
course and parasitemia of the inoculated individual. In these cases, parasites 
usually increase in density to several hundred per cubic millimeter before there 
is any febrile activity. Usually the parasite count drops spontaneously an 
precipitously after from three to seven paroxysms, and the patient becomes 
completely afebrile. Partially immune patients are divided into two groups- 
(A) Those experiencing less than five paroxysms of fever to 103° F- or more an 
(B) those experiencing from five to eight such episodes. This segregation was 
made to conserve time in the completion of a therapeutic course. At first it seeme 
logical, even though a previous history of natural malaria was not elicited from 
the patient, to reinoeulate all partially immune patients with quartan malaria 
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for the completion of their therapy. Two objections to this procedure were 
evident. First, reinoculation with quartan malaria, particularly in an individual 
who has already showed a certain degree of malaria immunity, was followed by 
a prolonged incubation and prepatent period, often lasting four or more weehs. 
This, plus the longer clinical course of quartan malaria (paroxysms every third 
day), substantially increased the hospitalization and morbidity of the patient. 
Second, the prolonged latency of quartan infections, reportedly thirty years or 
more in some instances, may actually play a role in the production of accidental 
transfusion malaria. In a recent report^ of twelve patients with transfusion 
malaria in Massachusetts, nine of the twehm were quartan eases, two were 
tertian (vivas) , and the etiologic species of one was not stated. It is, of course, 
recognized that these latent quartan infections were probably produced by the 
mosquito inoculation of the natural disease ; and, although it is presently believed 
that blood inoculation is not followed by such latency, the procedure must he 
considered somewhat hazardous in this respect until further information is avail- 
able. For these reasons, heterologous strains of vivax malaria were first utilized 
for the reinfection of those white patients demonstrating partially immune 
responses (Group B) to the original vivax inoculation. Group A patients were 
routinely remoeulated with quartan malaria because of their relatively high 
degree of vivax immunity. If adequate clinical activity (a total of eight to 
twelve paroxysms) can he produced by the use of heterologous strains, the pro- 
longed reinoeulation incubation period would be eliminated and the problem 
of prolonged latency obviated by the shorter vivax infection. It was the pur- 
pose of this study, therefore, to demonstrate the characteristics of homologous 
and heterologous strain immunity by a controlled cross-inoculation investigation. 
.“In additional refinement in the techniques of therapeutic malaria may thus be- 
come available. 

The principle of reinoculation of previously vivax-infected individuals with 
leterologous strains of P. vivax is not a new one. Boyd,^ in a description of the 
criteria of immunity and susceptibility in naturally induced vivax malaria 
infections, in 1942, demonstrated the difference between homologous and 
leterologous vivax immunity with different strains endemic to the United States. 

a series of twenty-five patients reinoculated with a known homologous strain 
0 F. vivax, seventeen experienced subclinical “takes” and eight short clinical 
a acks. On the other hand, reinoculation in a series of nineteen patients with 
c ero ogons strains of P . vivax produced subclinical infection only once and 
c mical activity of varying duration in the remaining eighteen patients. The 
^ marj inoculation strain in that study was P. vivax McCoy, indigenous to 

ou leastem United States. The heterologous strains were obtained from other 
'sections of the country. 

faein^'f Beatment at this installation of soldiers from overseas theaters 
in I'ccoveiy of strains of P. vivax from patients originally infected 

Southwest Pacific islands. These so-called Southwest Pacific 
icfnnse of their more distant geographic origin, were utilized in thus 
iwu ation study against the P. vivax iIcCoy strain. The results may be 
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of increasing' value in the management of neurosyphilis ^\•itll tlierapeutic malaria 
in a population manifesting greater malaria immunit}' as a result of the pro- 
longed residence of soldiers in hj'perendemic areas. 


JIATERIAL AND METHOD 


Origin of Strains. — Five strains of P. vivax from different geographic 
regions were used in this stud 5 L 

Strain M: The JlcCoy strain, carried through successive mosquito-human 
transfere for the past fifteen years at the Florida State Ilospital, Chattahoochee, 
Fla. This strain was originally recovered from a patient infected in the Plorida- 
Alabama area and is the one currently used for the primary inoculation of sus- 
ceptible white patients. 

Strain A: The DuBosc strain, recovered during the eighth malaria recur- 
rence from a patient who first contracted the disease on Guadalcanal Island m 
November, 1942. He had had no previous experience with malaria prior to that 
attack and had been on no other Southwest Pacific island. 

Strain B: The Jenkins strain, recovered during the second malaria recur- 
rence from a patient first infected in Februaiy, 1944, on New Guinea Island. 

Strain G: The Fort strain, recovered from a patient who had been on both 
New Guinea and Bougainville Islands, with the firet attack of malaria occurring 
in the latter area. 

Strain D: The Siimes strain, recovered during the fourth malaria recur- 
rence from a patient whose first clinical attack occurred in December, IB't-i 
on New Guinea Island. 

Technique of Cross-Inoculation. — Of a total of 265 patients with neuro- 
syphilis treated ■s\'ith therapeutic vivax malaria during the past year, thirtj- 
five white patients were included in this study. Of these thirty-five patients, 
only twenty-seven were included in the final analj'sis of results. Of the eig 
patients not completely analyzed, three were originally inoculated intraderma y 
and demonstrated negative parasitemias for four 'weelcs following inoculation. 
On subsequent intravenous inoculation Avith tlie same strain of vivax malaria, 
these patients ran coui’ses typical of susceptible individuals. Two other patients 
were inpculated Avith infected mosquitoes (a minimum of tAA'o infected mosquitoes 
positive on dissection), but they also experienced negative parasitemias for four 
Aveeks postinoculation. The confusing results in these fiA^e patients receiving 
intradermal and mosquito inoculations AA'ere attributed to technical difficulties. 
The remaining three patients excluded from the study Avere strongly suspccte 


of illegally consuming atabrine during their hospitalization. 

The original vivax inoculation in most instances awos performed iH' 
travenonsly, but a feAV successful mosquito and intradermal inoculations were 
also employed. Clinical activity folloAAing the original inoculation persiste 
until the occurrence of a spontaneous remission. No therapeutically interrupte 
original infections Avere included in this series because of the greater possibility 
of active recurrence of the original strain later in the patient’s hospitalization- 
In spite of the negatiA''c histories of preAuous inalai'ia attacks in twebm patients. 
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most of them had some degree of malaria immunity at the onset, ■\Tith spon- 
taneous remissions occux'ring prior to the exhaustion of the patient by a pro- 
longed number of paroxysms. Reinoeulatiou and further clinical activity vras 
thus feasible vrithin the therapeutic realm. 

PoUoTring each spontaneous remission after the original inoculation, interval 
quinine therapy (10 gr. per 50 pounds of body -weight daily for 'five days) was 
withheld until the parasitemia decreased to submicroscopic densities. This was 
merely an added precaution in sterilizing the blood stream prior to reinoculation. 
From three to five days foHoxving the completion of quinine therapy, an adequate 
inten-al for the excretion of the drug, reinoeulations -nuth either homologous 
or heterologous vivax strains -were accomplished. All reinoeulations were per- 
formed intravenously, hut the total quantitative parasite dosage was varied in 
order to estimate the effect of the parasite dosage on the prepatent and incubation 
periods in patients whose immimity was heightened by recent malaria attacks. 
Following this reinoculation, clinical actmty ensued until the development of a 
second spontaneous remission. Routine atabrine therapy to terminate completely 
fhe infection was withheld until the second parasitemia was either negative 
or at insignificant levels at the end of two weeks following the last bont of clinical 
aetmty. 

An example of the cross-inoculation technique in an individual case can be 
summarized from Table I. Patient 153 was originally infected -with strain 
^1 (P. vivax illeCoy) and experienced fourteen paroxysms reaching 103° F. or 
tuore and twentj'-seven days of clinical activity. Following a spontaneous re- 
mission, this patient received five days of interval quinine therapy. Three days 
kfer, he was reinoculated with strain A (P. vivax DiiBose). He then experi- 
enced five additional paroxj'sms reaching 103° F. or more and sixteen days of 
clinical aetimty. After a second spontaneous remission, routine atabrine therapy 
was finally instituted. 

Pile Reinfection Index . — Since this study was primarily concerned with the 
relationship of different -vivax strains to each other, it was necessary to fix some 
aefor which would largely cancel the effect of the varied individual malaria im- 
munity prior to original inoculations. For example, if on original inoculation a 
patient experiences eighteen paroxysms, he is much more susceptible to the 
mease than the patient who experiences only four paroxysms initially. In the 
ment, how-ever, that each of these patients, on subsequent reinoculation, experi- 
enec.s two paroxysms, it cannot he assumed that the relationship of the reinfec- 
tion .strain to the original strain was the same in both cases, since one’s immunity 
^'Dch greater than the other’s prior to the e.xperiment. A simple 
dete'^ ■ ^^*rcclling this pre-existing individual immunity as a factor in 
strain difierence was devised. The number of paroxysms experi- 
pnrov ^infection was calculated as a percentage of the number of 
after original infection. This percentage figure was 
’'cinfccfion index. To follow the previous example, the reinfection 
m f ic ca.se of the patient experiencing eiglitcen fevers on original infection 
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T^VBIiK I. — CnOSS-lNOCOLATION ])ATA 


PA- 

HOWE 

STUAIN 



PAnoxYssrs 

PAYS OP CUXICAL 
ACrmir 

TIENT j 

STATE 

1 oaicr. i 

1 KEIN. 1 

III.STonY OF MAbAKIA 

omo. 

1 REIaN'. 

1 r..i. 1 

1 OPJO. 

1 REI.V. 

1 K.L 

347 

Qa. 

M 

M 

Alalaria, 1935 

IS 

2 

11.1 

21 

4 

19.0 

153 

Ind. 

JI 

A 

NoRative 

14 

5 

35.7 

27 

16 

59.3 

157 

Afa. 

M 

B 

Jlalarla, 1938 (Ala.) 

G 

4 

GG.7 

8 

7 

87.5 

455 

Ga. 

M 

C 

Malaria, 1930 (Fla.) 

7 

2 

28.6 

9 

3 

33.3 

349 

N.Y. 

M 

D 

Native-born Greek 

4 

2 

50.0 

9 

3 

33.3 

442 

Ga. 

A 

M 

? Alalaria (Panama) 

4 

10 

250.0 

9 

22 

244.0 

514 

Ky. 

A 

A 

“Chills,’' 1930 (Ky.) 

4 

0 

0.0 

5 

0 

0.0 

398 

Va. 

A 

B 

Negative 

15 

4 

26.7 

17 

7 

41.2 

501 

S. C. 

A 

C 

? Alalaria a.s child 

3 

1 

33.3 

4 

3 

75.0 

418 

Ala. 

A 

D 

Negative 

8 

3 

37,5 

12 

6 

50.0 

345 

8. C. 

B 

M 

Negative 

12 

1 

33.3 

22 

7 

31.8 

239 

Fla. 

B 

A 

Jlalaria, 19.37 (Fla.) 

9 

5 

55.5 

11 

5 

45.5 

384 

S.C. 

B 

B 

Negative (but in 
Southwest Pacific) 

12 

1 

8.3 

23 

3 

13.0 

239 

Fla. 

B 

C 

Malaria, 1937 (Pla.) 
Negative 

Malaria, ? 1941 

0 

8 

89.0 

11 

9 

81.8 

326 

Va. 

B 

D 

10 

8 

80.0 

16 

13 

81.3 

400 

Oliio 

C 

M 

13 

7 

53.8 

26 

10 

38.4 

239 

Fla. 

C 

A 

Malaria, 1937 (Pla.) 

8 

5 

62.5 

9 

5 

555 

514 

Ky. 

C 

A 

“Chills,” 1930 (Ky.) 

4 

3 

75.0 

8 

5 

62.5 

261 

Texas 

C 

B 

Negative 

G 

3 

50.0 

14 

7 

50.0 

424 

Ga. 

C 

C 

Jl.alaria, 1935 (Ga.) 
Negative 

11 

0 

0.0 

13 

2 

35.4 

218 

Okla. 

C 

D 

12 

3 

25.0 

24 

7 

29.2 

539 

Ala. 

C 

D 

Malaria, 1939 (Ky.) 

? (Paretic) 

7 

10 

143.0 

10 

20 

200.0 

397 

La, 

D 

M 

6 

4 

66.7 

8 

7 

87.5 

294 

Texas 

D 

A 

yfe-vican 

3 

4 

133.3 

3 

7 

233.3 

2C3 

Texas 

D 

B 

Negative 

1 

1 

100.0 

'1 

1 

100.0 

296 

N.T. 

D 

C 

Negative 

5 

7 

140.0 

8 

9 

112.2 

397 

La. 

B 

D 

? (Paretic) 

fi 

o 

33.3 

8 

3 

37.5 


Strains of P. vivas; M, AfcCor: A, DuBose; B, Jenkins; C. Fort: B, Slimes. 

infootion; Roln., rcInfecUon; B.T., reinfection Index (per cenO. Th« figjW 
Cor paroxysms fpllowlng Inoculation apply to those rencliinc 103° or more; the days of clinii» 
activity Include the time Interval from the onset of the nr.st febrile elevation to the oessatlon o 
clinical activity for that Infection ; the number of the patient represents the center number or eaci 


and two on reinfection, would be 11.1. On the oilier hand, the index would be 
50.0 in the ease of the patient developing four fevers on original infection 
and two on reinfection. The higher tlie I’einfection index, therefore, the greater 
is the difference between the strains cross-inoculated. 

Although other studies of malaria immunity base the duration of an in- 
dividual mfection on the days of clinical activity from the onset of elevation in 
temperature until its permanent cessation, this estimation cannot readily be 
evaluated in terms of therapeutic adequacy in the treatment of neurosyphilie- 
The usual criterion of adequate malaria therapy is the actual number of 
paroxysms reaching a certain febrile height (103° F. or more) rather than the 
duration of total clinical activity which includes fever-free days. Since this 
study was undertaken for the purpose of appljdng the results to tJierapeutie 
malaria, the reinfection indices, based on number of paroxysms only, n'ere 
analyzed. A comparison of tlie indices by both methods, however, reveals little 
significant difference (see Table I). 


RESULTS 

The clinical implications of this cross-inoculation studj’’ can be evaluated 
only after a determination of the immunity characteristics of the series, with 
a reduction of the patients’ varied previous experience with malaria or residence 
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in endemic areas to a eommon level. It is our belief that tbe reinfection index 
is ttie single implement most effectively used in jud^g tbe results on a common 
basis. It may be of interest, however, to analj'ze the series even more closely. 
Eighteen of the twenty-seven patients (66.6 per cent) experienced less than ten 
paroxj’sms on original infection, indicating partial immunity of some type.' 
Only fourteen of the twenty-seven patients had definite previous histories of 
attacks of natural malaria, but three of those had more than ten paroxysms 
follomng original inoculation and apparently had never gained any great degree 
of immunity from their natural infection. Since Negro patients are highly im- 
mune to mvax malaria, only white patients were considered in this study ; one, 
however, was Mexican. Of the tliirteen patients with no histories of previous 
infection, one, whose storj* was unreliable, had had early paresis. 

An analysis of the home states of patients listed in Table I reveals that 
of the four patients with negative histories who developed partially immune 
chnical courses, two were from Texas, one was from New York, and one was 
from Alabama. Three, therefore, maj' hare resided for long intervals in endemic 
areas. One other consideration was important in evaluating the results. If a 
patient had experienced a previous attack of natural malaria in one of the 
Southwest Pacific islands from which our strains were recovered, he might have 
an adequate infection when inoculated originally with Strain M (Southeast 
United States), but he might then show practically no clinical activity when re- 
infected with one of the other strains. In such a case, it would be impossible 
to distinguish between homologous immunity to the original induced infection 
or homologous immunity to the original natmal attack in the endemic region 
from which our reinfection strain originated. Confusing as this appeared to 
make matters, it did not enter extensively into the interpretations, for only one 
patient had experienced his natural attack outside continental United States, and 
that was in Panama, not the Southwest Pacific islands. 


HOMOLOGOUS IMMUIUTY 

The mean value (Table II) for the duration of paroxj-sms following original 
mfeetion in the five patients reinfected with homologous strains was 10.2. The 
oration of paroxysms in this group on reinfection averaged 1.0. These figures 
0 one denote the characteristics of homologous immunity, with reinfection with 


Table II. SuiiiiAr.T of Meax Values 


reinfected ^Tith homologous strains (five) 

Duration of paroxysms following original 'infection 
Duration of paroxysms following reinfection 
Eeinfcction index 

Fati^ts reinfected with heterologous strains (twenty-trvo) 
Huration of paroxysms following original infection 
Duration of parox>-snis following reinfection 
Kcinfeclion index 

ndindual heterologous reinfection indices of each strain 
vs. A, B, C, D 

vs. M, B, C, D 

^ vs. M, A, C, D 

C vs. M, A, B, D 

D yg- hi. A. B, C 
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similar strains producing practically no further clinical activity. The homol- 
ogous reinfection index, mean value, was 10.5. Practically applied, this would 
mean that rarely would one expect to induce a total reinfection with homologoiu 
strains which would last for more than one-tenth of the duration of the original 
infection. The use of homologous strains in completing therapeutic viva.x 
malaria in patients demonstrating partial immunity i.s, tlierefore, not practirable. 


IIETEROLOGOU.S IMMUNITY 


The mean value (Table II) for the duration of paro.xysms following 
original infection in the group of twenty-two patients reinfected with heterol- 
ogous strains ivas 7.5. Ilow’ever, the duration of paroxj'sms following reinfec- 
tion with tiiese heterologous strains was 4.5. Thus, in spite of the fact tliat the 
grou]! as a whole displayed a greater degree of pre-existing malaria immiinit.v, 
they developed more prolonged reinfection clinical activity than did the group 
reinfected with homologous strains. The heterologous reinfection index (mean 
value, 74.3) clarifies this difi’erentiation. The reinfection of a previously max- 
infected patient with a heterologous strain would, on the average, produce 
clinical paro.xysms totaling approximately 75 per cent of the clinical paro.x.vsnis 
e.xperienced on original infection. Further analysis reveals that fifteen of the 
twenty-two (68.2 per cent) reinfected with heterologous strains showed secondary 
clinical activity greater than 50 per cent of the primary course. Pour of the 
twenty-two (18.2 per cent) showed from 31 to 40 per cent reactivity and three 
of the twenty -two (13.6 per cent) between 25 and 30 per cent. If heterologous 
strains of viv'ax malaria were, therefore, used to reinfect patients e.xperiencing 
partial immunity (Group B, from 5 to S paroxysms) following original infec- 
tion, 68.2 per cent vv'ould c.xpericnce therapeutic courses totaling more than 50 
per cent of their original bouts and 86.4 per cent more than 31 per cent of then 
original courses. 


Table II lists the mean values of the reinfection indices when heterologous 
reinfection was employed against each single strain in turn. The figures vancQ 
from 62.6 to 86.1. It cannot be said with certainty, therefore, that any one o 
the strains was verj^ much more active than any other in heterologous reinfec- 
tion. Clinical observations, however, indicated that strain A (DuBose) aud 
strain D (Siimes) were the most potent in producing severe infections with 
longer, more intense paroxysms. Extensive experience with Southwest Pacific 
strains during the past year has disputed the common impression that they are 
more virulent than the United States strains utilized as therapeutic agents. 
Complications encountered during therapeutic malaria with these two types o 
P. vivax have been strictly comparable. 

The relationship of the reiuoculation intravenous parasite dosage to the 
duration of the prepatent and incubation periods of the reinfection can he 
studied from the tabulation of mean and median values listed in Table Ill- 
Included as a comparison against the twenty-one heterologous cross-inoculation 
cases is a control series of seventy-eight patients, all of whom experienced com- 
pletely susceptible courses of vivax malaria. It is first noted that, in partially 
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Table III. Relatiok of Inocui.atiox Parasite Dosage to Peepatent aivD In'cubation 

Periods 


PARASITE ' 

r>OSAGE 

1 CONTROL GROUP ] 

[ CROSS-INOCUL-ATION GROUP 

NUMBER 

OF 

PATIENTS 

P.P. 

PER 

TNG. PEE 

NUSIBER 

OF 

PATIENTS 

P.P. 

PER 

INC. PER 

me. I 

[ SID. 

1 me. ] 

1 sn>. 

ilE. 1 

1 MD. 

! ME. 

1 MD. 

0 to 10 mil. 

35 

6.8 


7-6 

7.0 

7 

3.7 


6.6 


11 to 30 mil. 


3.3 


3.8 

3.0 

7 

6.4 


11.9 

12.0 

31 to 150 mil. 

23 

2.9 

3.0 

2.5 

2.0 

7 

3.1 



9.0 


P.P. Per.. Prepatent period ; Inc. Per., incubation period ; Me., mean (average) ; Md., 
median; mil., millions. 


immune indinduals, tlie inculiation period is invariably longer than the pre- 
patent period, the difference varj-ing from three to six days in this series. This 
confirms the fact that clinical activity in a partially immune patient begins 
only after the parasite density attains high levels and rarely vrhen the density 
is submicroscopic. This is in contrast to the control series of susceptible patients, 
where the prepatent and incubation periods are of almost equal duration. 
Further examination reveals that in susceptible patients, the prepatent and in- 
cubation periods varj^ inversely -with the inoculation parasite dosage, ■with the 
longest periods folloAving the smallest inocula and the shortest periods the largest 
inocula. This relationship, however, is not maintained in any group of patients 
with varying degrees of immunit}', since such immunity predetermines to some 
extent the duration of these periods. This is indicated statistically in Table III 
(cross-inoculation group), in which it is noted that longer pre-patent and in- 
cubation periods occur with higher parasite dosages (from 11 to 30 millions) than 
with lower dosages (from 0 to 10 millions). 

summary 

^ The problem of partially immune re.sponses to vivax inoculation in Avhite 
patients i\ith neurosyphilis who have no previous histoiy of attacks of natural 
ma aria has been a provoking one. These patients, part of an ever-increa-sing 
group occasioned by the prolonged residence of soldiers in hyperendemic over- 
•seas areas, cannot readily be screened out for inoculation -with other species of 
^ a aria because of their negatiA'c histories. They may, therefore, require re- 
niocu ation for the completion of therapeutic courses. 

ni Pi’^^sent custom of reinoculating these patients irith quartan malaria 
objections : (1) Quartan reinoculation materially prolongs hospital- 
diiru" ^oi’bidity because of the prolonged meuhation period and the longer 
tlio'oir paroxy.snis and (2) quartan infections, difterins from 

rofiu- species of malaria, often become latent for many years and may 
or act ns the source of accidental transfusion malaria. 

immunity is characterized by the production of minimal clinical 

lanlaria with the same or similar substrain of vivax 

avenn)/>^ inr of the homologous reinfection in this series of patients 

tinn witi 41 (reinfection index) of the dnr, ation of the orirrinal infec- 

"Uti that same strain. 
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Heterologous immunity exists when reinfection of a patient with a strain 
of P. vivax differing in geographic origin from the original strain results in 
definite clinical activity sufficient for tlie completion of a coui-se of malaria 
therapy. In this cross-inoculation study, the duration of the heterologous 
reinfection averaged 74.3 per cent (reinfection index) of the duration of the 
original infection. 

In a control series of seventy-eight susceptible patients, intravenous inocula- 
tion with various parasite dosages of P. vivax revealed that the subsequent 
prepatent and incubation periods varied invei’sely with the total quantitative 
dosage. This correlation, however, docs not apply to any series of patients with 
immunity to malaria. 

It seems desirable, as a result of malaria immunity studies, to reinoculate 
with heterologous strains® of P. vivax those white patients vrith neurosyphilis 
experiencing partially immune tj’pcs of original infection (from five to eight 
paroxysms). Adequate completion of therapeutic courses and avoidance of 
unnecessary quartan infections thus can be accomplished. 

REFERENCES 

1. Boyd, M. F. : Criteria of Inimunit3' and Susceptibility in Naturally Induced Vivax Malaria 

Infections, Am. J. Trop. Mod. 22; 217-220, 19-12. 

2. Becker, F. T., Kaplan, L. I., Bead, H. S., and Boyd, M. P.: Variations in Susceptibility 

of Individuals to Therapeutic Malaria, Am. .1. M. Sc. In press. 

3. Eubenstoin, A. B., Shulman, ^1. 11., and Merrill, B.; The Hazard of Transfusion Malaria 

After the War, New England .T. Med. 233: 234-237, 1945. 


’Heterologous Southwest Pacific strains 

Florida State Hospital, Chattahoochee, Fla. 


Of P. vivajc are currently 


available at 



BACTERIOLOGIG STUDIES OF THE SPUTUlil IN PATIENTS WITH 
PNEIBIOCOCCAL PNEUlvlONIA TREATED WITH PENICILLIN 


Edw M. Ort, M.D., H. WiLUAii Harris, M.D., I^Iansok I^Ieads, ]WD., 
Clare Wilcox, akd Maxwell Fixlaxd, M.D. 

Boston, ;Mass. 


A 'study of the sputum of patients with pneumonia often provides a means 
of following the hacteriologic response to various forms of therapy and 
gives some insight into the mechanism of action of the therapeutic agents. 
Changes in the sputum may*reflect to a considerable degree those which occur 
in the lung. Such studies have previously been made, chiefly hy Prisch,^'^^ 
in some patients receiving only supportive therapy and in others who were 
treated with specific antisera or sulfonamide drugs. 

The result of various forms of effective therapy is a reduction in the num- 
ber of organisms in the sputum and in the lungs. In untreated patients, ag- 
glutination of pneumococci in the sputum is sometimes, though not always, 
observed between the sixth and tenth day of the disease. Adequate therapy 
with type-specific antipneumococcus serum brings about the agglutmation of 
pneumococci in the sputum within from six to twmlve hours. This is usually 
followed by phagocytosis and by a gradual reduction in the number of organ- 
isms over a period of several days. The sulfonamides exert a direct bacterio- 
static effect which usually results in a prompt reduction in the number of 
pneumococci within from twelve to thirty-six hours. There is, however, eon- 
siderable variation in the persistence of pneumococci in sulfonamide-treated 
patients, and they persist for long periods in about 30 per cent or more of pa- 
tients so treated.^^’ The persistence of pneumococci during the sulfonamide 
therapy is not related to the failure of the patient to develop homologous anti- 
bodies.’* It may be associated with the development of resistance of the 
pneumococci to sulfonamides as measured by in vitro tests,® although this, too, 
is only rarely the case.’* 

Frisch and his associates also correlated the numbers of pneumocoeci 
found in Wright-stained smears of sputum with the prognosis and with other 
significant clinical and laboratory findings.®’ He found that the numbers 
of pneumococci are directly proportional to the case mortality and to the inci- 
tience of bacteremim and leucopenia. 

Penicillin is much more effective than sulfonamides against pneumococci 
1 itro and probably has a different mechanism of action. It was of interest, 
icreiore, to study the changes in the pneumococci and other organisms in the 
sputum of patients under treatment with this antibiotic. The present paper 
ca s with observations on the sputum of twenty-six patients ■with pneumo- 
^occal pneumonia treated with penicillin. 


'■•'ira) Memorial L.aboratory. Second and Fourth Medical Sert-iccs (Har- 

r. \ Hospital, and the Department of Medicine, Harvard Medical School. 

I>ecclvcd for publication, Dec. 31 , 1945 . 
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MATERIALS AND METHODS 

Selection of Patients. — The twenty-six patients studied were admitted to 
the medical wards of the Boston Citj' Hospital between December, 1944, and 
April, 1945. They ranged in age between 16 and 88 years and twelve of them 
were over 50 years old. All were acutely ill with lobar pneumonia and pro- 
duced sputum in which pneumococci were identified by Neufeld typing at the 
first examination. All of these patients denied previously receiving sulfona- 
mide drugs. Blood taken on admission from twenty-two of these patients 
was tested for the presence of sulfonamide, and no measurable concentration 
was foimd. 

Penicillin Therapy. — ^Penicillin therapy was begun on the third day or 
earlier in seventeen patients, between the fourth and sixth day in six, and on 
the tenth daj’- of illness in the remaining three. The average duration of the 
disease at the onset of therapy was 3.5 days. Commercial penicillin (G) ivas 
given intramuscularly in most instances, but in two patients penicillin Xvas 
used. In two others oral penicillin was given, and one patient received peni- 
cillin G by inhalation. The intramuscular injection consisted of 15,000 or 

20.000 units given every two hours for the first daj' followed by these amounts 
every three hours for another two or three days, after which the dose vas 
often reduced to 10,000 units every three liours. Treatment was discontinued 
after three days or less in three patients, after from four to six days in seven- 
teen, and after seven days or longer in the remaining six. The average dura- 
tion of treatment was 5.7 days. The oral penicillin was given in doses of 

100.000 units every two hours at first and later every three hours. The nebu- 
lized penicillin was given in doses of 20,000 units every two hours. Sulfona- 
mides were used in only two patients for complicating infections some time 
after the penicillin was stopped and the sputum studies'were discontinued. 

Bactenologic Studies. — Blood cultures were made on every patient before 
treatment was started and were repeated at irregular intervals when indi- 
cated. Sputa were obtained before the first dose of penicillin and at suitable 
intervals during and after treatment. These sputa were subjected to the fol- 
lowing studies: (1) Direct examination of the sputum was made by the Neu- 
feld method both for the different types of pneumococci and the relative 
numbers of each type. (2) -Gram- and Wright-stained preparations were ex- 
amined by the method of Frisch for the number of characteristic lancet-shaped 
diplococei, the presence of chaining, phagocytosis, and reticulation. (3) ^ 
characteristic portion of the sputum was homogenized, and from it streaks and 
substreaks were made in progression on the quadrants of the surface of horse 
blood agar plates in order to observe roughly the relative numbers of different 
bacteria, including pneumococci, beta and alpha hemolytic streptococci, staphy- 
lococci, Hemophilus influenzae, and Hemophilus hemolyticus. Identification was 
mostly by morphology, but all pneumococci were tj'ped, staphylococci were 
tested for coagulase activity, and green streptococci were tested for bile solu- 
bility. (4) Serial tenfold dilutions in plain broth were also made from the 
homogenized sputum, and blood agar plates were poured with from lO'* to lO"’ 
c.c. Estimations of the numbers of typical pneumococcus colonies were made, 
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and doubtful colonies were subcultured and identified by bile solubility and 
Neufeld typing. (5) "WTienever pneumococci could not be identified directly 
in the sputum by the Neufeld method, some of the sputum was inoculated 
into a mouse, and the peritoneal exudate and heart blood were later examined 
for pneumococci. 

Throat cultures were made in manj* instances at the time of the initial 
sputum and later whenever sputum was not obtainable. Streaks were made 
on the surface of blood agar plates from the swab or from broth into which 
the swab was immersed and treated like the sputum. Swabs were then- used 
only for the study of the presence and identity of pneumococcus types.^® 
Blood broth containing the swab was incubated from four to eight hours until 
a uniform growth occurred, after which it was examined by the Neufeld 
method, and a small amount was injected into a mouse. The peritoneal exudate 
and cultures of the heart blood were subsequently examined for pneumococci. 

The sensitivity to penicillin of most of the strains of pneumococci that 
vere isolated, and of many of the other organisms, was tested by the method 
of Rammelkamp and hlaxon.'® 

RESULTS 

A summary of certain relevant features of the eases studied in relation to 
the persistence of the pneumococci is given in Table I. The cases were of 
moderate severity; multiple lobes were involved in nine of the patients and 
blood cultures were positive in ten (38 per cent) at entry. 

A total of 154 sputa were studied in the twenty-six patients and, in addi- 
tion, forty-five throat cultures were made in twenty patients, making an aver- 
age of almost eight specimens from each patient. Specimens were obtained 
throughout the hospital stay of the patients and, in a few instances, during 
follow-up visits. The last culture was made on or before the tenth day in 
fourteen patients, between the eleventh and twenty -first day in nine, and be- 
tween the twenty-third and thirtieth day in the remaining three. The average 
period of observation in the twenty-four patients who recovered was thir- 
teen days. 

A total of forty-tivo strains of pneumococci w’ere isolated and identified 
m the twenty-six cases. A single type was obtained in fourteen of the eases, 
two tj^pes were obtained from each of ten cases, and three and five types, 
respectively, were identified in the two remaining cases. Nineteen of the 
strains were of the types commonly associated -with primary lobar pneumonia, 
namely types 1, 2, 4, 5, 7, and 8. Of the remaining strains, five ivere type 3, 
one was type 6, and the others were of the so-called “higher” tj-pes. In each 
0 the taehe cases with multiple types, one of the strains of pneumococci was 
ct the common types. 

S( Pneumococci Present Before Penicillin Treatment IVas 

^ number of days during -which the pneumococci present in the 

hi^T^l^i^ sputum persisted after treatment with penicillin -was started are sho^vn 
in a e 11. Only one of every six of these strains persisted throughout the 

erioc of observation, and twenty-one of the thirty-five strains (60 per cent) 



Table I. Occubrence and Persistence of Pneumococci in Tiventt-Six Penicillin- 
Treated Patients With Pneumonia 


CASE 


BLOOD 

CUL- 

TURE* 


LOBES 

in- 

volved! 


penicillin therapy 


DAY 

BE- 

GUN} 


TOTAL DOSE 


UNITS 

X 

:,ooo$ 


NUM- 

BER 

OP 

DAYS 


PNEO- 

MO- 

COC- 

CUS 

TVTE 


PNEUMOCOCCI IN SPUTUM 


SEN- 
SITIV- 
ITY 11 


DAYS 

POUNDlI 


FIRST I LAST 


LAST 

TEST 


CLINICAL RESPONSE, 

complications, 

AND REMARKS 


7 El, LI 2 515 5 7 O.OIC** 0 23 23 Crisis 24 lionrs; chrome 

cough 

0 LI 1 570 5 1 0.010 0 3 8 Lysis 3 days . 

0 LI, El 10 205 V/j 3 0.010 0 Vj 1 Pied 1% days fmoribaiid 

on entry; 88 years old 

785 8 12 0.010 0 3 11 Lysis from 2 to 5 day; 

• frequent colds 

LI 4 520 5 1 0.031 0 1 10 Crisis 30 hoars; alcohol- 

ism 


0 Euml, LI . 3 


0 

0 ' 

Em 

1 

385 

4 

2 

0.010 

0 

o 

4 

Crisis 48 hoars 

7 

1 

Eum 

n 

«) 

1,530 

10 

1 

0.00.8 

0 

7 

15 

Lysis 3 days; moriband 
*on entry; 500 colonics 
per cubic centimeter of 
blood; 1V.B.C. 400; 
polymorphonnclears, 
alcoholism 

8 

4 

El 

4 

740 

G 

4 

-- 

0 

12 

17 

Lysis 4 days; chronic 
pyelonephritis 

9 

1 

LI 

3 

000 

0 

1 

— 

0 

C 

8 

. Lysis from 2 to 7 days; 
low-grade fever and 
pleuritic pain 12 days 

10 

0 

LI 

3 

415 

5 

7 

0.010 

0 

8 

8 

Crisis 24 hours 

11 

0 

El 

2 

905 X 

8 

28 

— 

0 

7 

7 

Lysis 1 2 days; iewi 
from active tuberenio- 
sis (positive spntam) 

12 

0 

LI 

1 

455 X 

5 

8 

0.031 

0 

7 

7 

Crisis 12 hoars 

13 

7 

LI 

2 

0,390 p.o. 

C 

7 

0.031 

0 

3 

12 

Lysis 5 days 

14 

0 

LI 

2 

880 inli. 

0 

12 

0.010 

0 

7 

14 

Crisis 24 hours 

15 

0 

Eum 

10 

070 

C 

1 

43 

0.031** 

0.010 

0 

12 

14 

12 

14 

Crisis 24 hours; tempera- 
ture of 100° F. for S 


(lays 


16 

0 

LI 

2 

525 

4 

3 

0.031 

0 

2 

5 

Crisis 24 Jiours 







20 

0.031 

0 

5 


Crisis 12 iiours;_ pneu- 
monia ( 1 etiolop) 

17 

0 

Eml 

3 

525 

5 

7 

G 

0.010 

0 

0 

2 

2 

8 












each of last 3 maters 

18 

0 

LI 

1 

• 320 

3 

5 

0.031 

0 

2 

11 

Crisis 24 hours 

19 

1 

Euml 

0 

1,950 

10 

13 

1 

0.0*31** 

1 

0 

1 

9 

30 

Persistent fever; ? int«- 
lobar effusion; stapny- 
lococous (sensitivity, s 





19 

— 

0 

9 




cSilldlelW 

20 

0 

El 

2 

500 

0 

3 

0.008 

0 

4 

21 

21 

1 

LI 

10? 

450 

3 

11 

1 

0.031 

0.031 

4 

0 

12 

y- 

2 

Dicd“Srd day; head- 



LI, El 




9 

— 

0 

y 


plegia nnd 0°®“, i.u 
Ly^is 3 days; “sho^, 
V entry;, 

22 

0 

1 

595 

5 

3 

14 

0.010 

0 

0 

y 

0 

9 







44 

0.010 

0 

2 


broncliiectasisf coUo • 

tive lieart failare 
Crisis 24 iiours; alcohol 

23 

1 

LI 

4 

425 

4 

1 

0.016 

0 

4 

6 







8 

— — 

1 

1 


ism 







18 

0.016 

1 

1 









19 

0.031 ■ 

0 

1 



24 

0 

El 

6 

940 

9 

44 

3 

0.010 

0.008 

0 

0 

y 

y 

25 

Lysis 3 days; ehron' 



LI 




17 

O.OIG 

0 

2 


Crisis 24 hours j P 
riqv^^ 2 years 

Lysis from 2 to 5 da^' 
? intcrlobaLi£H!e- 

25 

0 

1 

555 

4 

8 

20 

0.010 

0.016 

0 

2 

1 

2 

9 

26 

7 

Euml 

5 

8,505 p.o. 

9 

7 

19 

0.008 

0 

0 

2 

1 

19 


•Numbers represent types of pneumococci and 0. no growth 
tK, Right; L, left; u, upper; m, middle; I, lower. 
jRefers to day of disease. 

5X. Intramuscular peniciilin X; p.o., oral; inh., by inhalation- 
merciai peniciilin. 

IlMinimum concentration of penicillin 


corn- 


others received intramuscular 

IlMinimum concentration of penicillin (units per cubic centlmeterl reoulred to sterilize e- 
oculated yith from 1.000 to 10.000 pneumococci per cubic centiSV 7n e® 

after onset of treatment; 0, specimen obtained before treatment 
••Same result in last specimen. 
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Table II. Persistesce of Thirty-Five Stf^hs of Pxeusiococci Found Before 
Penicillin Treatment "Was St.irted 


LAST POSITIVE 


KUiTBEF. 

CULTOBE 


OF STKATN'S 

First day 


11 


Second day 


7 


Third day 


3 

- 

Fourth dav 


2 


Sixth to twelfth day 


6 


Total 


29 

(S3%) 

Average persistence of all thirty-five strains, 4.3 days 



Average persistence of the twentj'-nlne 

strains which 

disappeared 

during the period of 

observation, 3.0 days. 


- 


T.\ble in. Six Strains of Pneumococci Which Persisted Throughout 

Fepaod of Observation 



days of pnecmo- penicillin 

PAYS 


PEXICILLIN COCCUS 

SENSI- 

FOSI- 


CASE thepapy type 

TIVITY 

TIVE 

complications 

15 7 

0.016* 

23 

Chronic bronchitis 

10 5 7 

0.016 

8 


11 8 28 



7 

Tnhercnlosis 

12 5 8 



(spntnm 

positive) 

0.031 

7 


13 6 1 

0.031* 

14 


16 4 20 

0.031 

5 


•Same for original strain obtained before treatment and for the 
days later. 

strain obtained twelve 


were found for only three days or less. The average time that elapsed betiveen 
the beginning of penicillin, treatment and the last time these pneumococci ivere 
found was 3.0 days. Twenty-six of the twenty-nine strains could no longer 
be identified in sputum or throat cultures before the penicillin therapy was 
completed. 


A summary of the relevant findings concerning the six strains which per- 
sisted throughout the period of observation is shown in Table m. Five differ- 
ent types were represented. Treatment with penicillin was given for from 
four to eight days in these cases and they were studied for from five to twenty- 
three days (average 10.7 days). The strains were dmilar in penicillin sen- 
sitivity to those which disappeared early. In two instances strains of the same 
type isolated before treatment and again twelve days later were compared, 
and no change in sensitivity to penicillin could be demonstrated. Two of the 
patients from whom these strains were obtained had chronic respiratory in- 
cetions. In three of the patients the strains of pneumococci had disappeared 
temporarily only to reappear in later cultures. 

Appearance of Additional Strains of Pneumococci During or After Peni- 
itn Therapy . — Seven strains of pneumococci appeared in six patients after 
penicillin therapy was started, five during the treatment and two after it was 
^ opped. Six of these strains were identified in only one specimen and the re- 
maining one was first noted on the fourth day of treatment and persisted over 
nn eight-day period. None of them was present in the last culture. One of the 
rams uas type S, and the others were of higher types. The penicillin sensi- 
miy of the new strains was compared with that of the original ones 
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Table IV. Penicillin Sen.sitivity of Stbain.s of Pneiuiococci at Tijtn of 
Tjieib Original Isolation 


MINIilUSt INHIBITING 
CONCENTRATION OF 

PENICILLIN 

NUMBER OF 
STRAINS 

nu.mber of strains 
WHICH persisted 
TIIROUGHOUT THE 
PERIOD OF OBSERVATION 

0.008 units per cuiiic centimeter 

4 

0 

0.010 units per cubic centimeter 

17 

2 

0.031 units per cubic centimeter 

11 

3 

Total 

32 

5 


cases. These were found to be the same in two instances (Cases 23 and 25); 
the new strain was twice as sensitive as the original one in Case 15, and the 
original strain was four times as sensitive as the new one in Case 20. 

Sc7}sitmtij of the Pncimococci to Pcnicillm. — Tliirty-tivo strains of pneu- 
mococci were isolated when first encountered and were tested for sensitiwty to 
penicillin. Twenty-eight of these strains were obtained before treatment vas 
started, three were isolated during penicillin therapy, and one was isolated 
after it was discontinued. The results are shown in Table IV. All were quite 
susceptible, most of them requiring two or four times as much penicillin as a 
control strain of hemolytic .streptococcus. No. 98, which was sensitive to 0.008 
units per cubic centimeter of culture. Tliree additional strains of the same 
type were isolated again, one after four days of treatment and the other two 
after eight days, and all were just as sensitive as the original strains. The 
strains isolated during or after therapy were within the same range of sensi- 
tmty as those isolated before treatment was started. There is a slight sug- 
gestion that the less sensitive strains tended to persist longer, but the number 
of strains and the range of their sensitivity were too small for any definite 
conclusion. 

Clinical Response io Treatment . — Among tlie patients who recovered, twelve 
were essentially afebrile and free of acute symptoms udtliin forty-eight hours 
after the first dose of penicillin, while in nine others some fever persisted for 
from three to five days, although the patients had shown symptomatic improve- 
ment earlier. In three patients low-grade fever persisted for eight, twelve, and 
twenty-eight days, respectively; the first two of these patients had no complica- 
tions, but the third developed a staphylococcal pneumonia and probably some . 
interlobar effusion. 

There were two deaths. One occurred (Case 3) in a man 88 years old wth 
type 3 pneumococcal pneumonia involving both lower lobes. The blood culture 
taken on the tenth day of the disease and before treatment was started was nega- 
tive. Pneumococci could not be found in the last sputum which was taken 
twenty-four hours after penicillin was started, and the patient died tivelve hours 
later. The second patient (Case 21) was 65 years old and had a type 1 pneumo- 
coccal pneumonia and bacteremia. He became comatose, developed a hemi- 
plegia, and died on the third day. Pneumococci could not be found in the 
throat culture taken shortly before death. 

A summary of the persistence of pneumococci in relation to the duration 
of fever after treatment was started is shown in Table V. There was no defi- 
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Tabix V. Eexation of Rapibitt of Cldsicax Response and Pep^istence of 
Pneumococci Found Befop.e Tp^ataient PTas Started 


DAYS 

SPUTUM 

POSITIVE 

P.ECOVEP.ED 

WITHIN 

48 HOUP.S 

fever from 

3 TO 5 

DATS 

FEVER 

8 DATS 

OP. MOPE 

DIED 

1 to 3 

7 


11 

— 

3 

4 to 10 

7* 


1 

3 

— 

More than 10 

It 


1 

It 

— 

Strains 

15 


13 

4 

3 

Cases 

12 


9 

3 

2 

•L^st cultiare positive on 

fifth day. 



tLast culture positive on twenty-third day. 



tLast culture positive on fourteenth day. 



Table 

Reiation of Bactekemi.v to Pep.sistence of PNEUiiococci Under 



Penicillin Tp-eataient 


DAYS 

1 





SPUTUM 


DUMBER OF CASES 'WITH BLOOD CULTURE 

positive 


positive 

! 

NEGATIVE 




4 


9 




4 


6t 



2* 


It 

Total cases 


10 


16 


•Last culture positive on twenty-third day in one case, 
tlast culture was positive in four cases. 
tLast culture positive on fourteenth day. 


nite correlation except among the three cases in ivhich the fever continued the 
longest. Among these the pneumococci persisted more than three days in each 
instance. 

Bacteremia. — There were ten patients in whom positive blood cultures were 
obtained before penicillin therapy. Tj-pe 1 pneumococci were obtained in six 
patients, tjTie 7 in three, and t^Tie 4 in one. The persistence of pneumococci in 
these patients compared vdth that in the patients with negative cultures is shoMm 
in Table VI. There is a suggestion of a longer pei-sistence of pneumococci in the 
sputa of the patients with bacteremia, but the numbers of these patients are 
too small and the correlation is not striking. Case 7 is of interest in this 
respect. The patient had an overwhelming bacteremia with about 500 colonies 
° tj-pe 1 pneumococci gromi per cubic centimeter of blood before treatment, 
i!'*^ ^®uoocj*te count at the time was 400 per cubic millimeter of blood, of 
'' ^<^0 only 1 per cent were poljTiuclear cells. This patient showed .steady and 
^^^Provement under penicillin therapy. The second blood culture 
u 'cn after ten hours was sterile, but pneumococci persi.sted in the sputum for 
days and could not be found thereafter, 

111 Chronic Rcspiratoru Infections and Previous History of Pncii- 

”''-~~Tlieie were five patients who gave a history of chronic cough of more 
Por'^’ ^ duration. In only one of them (Case 1) did pneumococci 

coninT treatment. Five additional patients had otlier chronic respiratory 
astbi frequent upper respiratory tract infections, one had 

otic l'''''l recurrent pleurisy, one had active pulmonaiy tuberculosis, and 

ppe of of pneumonia each of the three preceding winters. The only 

icsc five patients in whom pneumococci persisted during seven days of 
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Tabi<e VII, Kelation of Curonig Respiratory Symptoms to Persistence of 
PNEOMO coccr IN Sputdm After Penicilein Therapy 


DAYS 

SP0TUjr 

rosmvE 

PATIENTS WITH CHRONIC 

respiratory 

rymptoms 

patients without chronic 
respiratory 
symptoms 

.'I or loss 

7 

6 

4 to 10 

2* 

8} 

More than 10 

It 

2} 

Total cases 

10 

IG 


•Last culture positive seventh dny In one patient. 
tLast culture positive twenty-third day. 
tLost culture positive in three patients, 

ILast culture positive in one patient. 


observation was tlie one with active tuberculosis (Case 11). Pneumococci ivere 
found after the third day in only one additional patient, A comparison of the 
persistence of pneumococci in tlie patients wtli and without chronic respiratory 
symptoms is given in Table VII. There was no correlation in this small group 
of patients. 

Effect of Complications. — As might be expected in penicillin-treated cases, 
purulent pneumococcal complications were not recognized in the present cases. 
One patient (Case 19) developed a complicating staphylococcal pneumonia and 
signs of an effusion. Signs of a small interlobar eiTusion were also made out in 
another patient (Case 26), but the presence of fluid was not proved by thora- 
centesis in either of these two patients. The occurrence of agranulocytosis before 
treatment was started in Case 7 has already been mentioned, and this patient 
also suffered from alcoholism and a toxic psychosis. Pneumococci persisted 
for nine, two. and seven days, respectively, in these three patients. 

Significance of the Numbers of Fneumococci in the Initial Quan- 

titative bacteriologic studies of sputum and throat cultures are notoriously un- 
satisfactory and involve tremendous errors. Wlien a single organism is greatly 
predominant or is present in almost pure culture, as is sometimes the case m 
severe pneumonia, such studies may be carried out successfully. Wlien a vanety 
of organisms are found in relatively large numbers, as they usually are after 
therapy with active chemotherapeutic or antibiotic agents, the quantitative 
aspects are not very reliable. Only a rough estimation then can be made of 
the relative numbers of the different organisms present and even this involves 
considerable errors. In general, it has not been possible to differentiate the 
individual colonies of organisms in poured blood agar plates of sputum con- 
taining more than 10'“ c.c., and more often 10'® or 10''' c.c. was the largest 
amount that proved workable. Even smaller amounts must sometimes be use 
if individual colonies are to be picked and identified. 

In Table Viil is listed the number of patients in whom from two to ten 
pneumococcus colonies were recognized in pour plates of various dilutions o 
the original sputum obtained before penicillin was started. This is compare 
with the numbers of pneumococci seen in Wright- and Gram-stained smears o 
the same sputum and is also correlated with some of the more important fea- 
tures of the disease. The number of cases is too few for any definite deduc- 
tions. It does seem, however, that there was a fairly good correlation between 
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the mimber of pneumococci per cubic centimeter of sputum as determined in the 
pour plates and the number of characteristic diplococci seen per higli-power 
field in the Wilght-stained preparations. Lit,tle can be said of the other features. 
Bacteremia, multiple lolie involvement, and leucopenia tended to occur in pa- 
tients with large numlmrs of pneumococci, but this does not show very clearly 
from the present data. The two patients wlio died had large numbere of pneiuiio- 
cocei, although the deaths were associated with other factors. Following treat- 
ment, the pneumococci which persisted were found only in the pour plates of 
smaller dilutions, and very few were seen in the smears. 

The relation of the number of pneumococci observed in the original sputum 
and their persistence after treatment is roughly shown in Table IX. lYithiii 
the limits of the method, there seemed to be little correlation between the 
number’s of pneumococci counted in the poui’ plates and their persistence 
except that the patients in whom the organisms persisted for more than ten 
days all originally had large number’s. The correlation between the nurahers 
of pneumococci seen in the original smears and the persistency of pncumococei 
was somewhat better but still not very striking. 


Table IX. PEnsisTENCE or Pneumococci in Relation to Nuxidei’.s Found BEror.E TuHtApy 


APrnOXIJIATE 
number of 


NUMBER OF D.U’S PNEU.MOCOCCI 

I'ERSISTL’n IN THE SPUTU.M 

TOTAL 

NUJIBEB 

PNEUMOCOCCI 

3 OR LESS 1 FRO.M 4 TO 10 I 

1 MORE than 10 

OF C.ISIS 

Per cubic centimeter of 
sputum : 

109 

1 

1 

1 

3 

lOs 

G 

2 

3 

11 

101 

C 

4 

0 

10 

109 or 105 

- 

o 

- 

" 

Per high-power fleld 
(Smears) : 

More than 100 

•> 

o 

o 

7 

From 50 to 100 

- 

1 

1 

2 

Less than 50 

10 

G 

1 

17 

Total cases 

13 

9 

4 

26 


Becognition of Pneumococci . — Throughout this study there was no difficult) 
in recognizing pneumococci and identifying their type regardless of whether 
they were found before treatment xvas begun, during penicillin therapy, or after 
it xvas discontinued. When sputum was available and pneumococci were present 
in the cultures, they xvere also usually identified directly in the sputum by the 
Neufeld method, characteristic colonies were observed on the surface of bloo 
agar plate cultures, and the sputum caused the death of mice with miiltiplicatw" 
of the organisms in the peritoneal exudate and invasion of the blood stream. 
Quantitative tests for the viralence of the pneumococci for mice were not done. 

Occurrence of Phagocytosis, Chaining, and Morphologic Alterations of 
Pneumococci . — ^In the present studies no definite relationship was noted between 
the occurrence of chaining and phagocytosis of the pneumococci in the stained 
smears of the sputum and the duration of the disease or of penicillin treatmen 
or the persistence of pneumococci in the sputum. Chaining was observed jn 
only eight cases, was transient, and was not prominent in any of the specimens. 


SPUTUM IX PATtEXTS WITH 


PXEUMOXlA TREATED WITH PEXICILLIX 4l9 


Phagocytosis was marked in only a few instances. Phagocytosis was first 
noted between the first and seA'enteenth daj' of the disease : — on or before the 
third day in ten patients, between the fourth and seventh days in eight, on 
the eighth day or later in five, and not at all in three. In fourteen patients 
the phagocytosis was first noted before penicillin therapy was started ; in six 
it was seen on the first day of treatment; in two others it was first observed on 
the third or fourth day of therapy; and in one patient it was noted only eight 
days after treatment was stopped. 

Some morphologic changes in the pneumococci Avere observed in the 
smears made after penicillin had been given. In seA'eral instances the pneumo- 
cocci assumed bizarre shapes, took the stain poorly, and appeared to be frag- 
mented in the "Wright- or Gram-stained smears of sputum. Similar changes in 
bacteria subjected to the action of penicillin have been noted by Gardner,^" 
and they have also been seen in smears of empyema fluid after local penicillin 
instillation.'* 


Keticulation, as described by Frisch,* was noted in Wright-stained prepa- 
rations of three of the type 3 cases, in two type 7 cases, and in one type 8 
case.' It was not marked in any of these cases. The last sputum culture was 
positive in each of the type 7 and type 8 cases but not in the type 3 cases. 


Occurrence of Organisms Other Than Pneumococci. — During penicillin 
therapy the number of organisms which grew in pour plates of sputum, or on the 
surface of blood agar plates streaked with sputum, characteristically declined. 
A few colonies of Staphylococcus alhus and moderate numbers of alpha hemo- 
Ijdic or nonhemoljdic streptococci persisted in almost every case. In twenty-one 
of the eases small Gram-negatwe bacilli having the morphology and colony char- 
acteristics of H. influenzae appeared and usually became numerically the pre- 
dominating organisms during the course of therapy. H. hemolyticus appeared 
in the sputum of ten patients but did not become predominant in any of them, 
beta hemolytic streptococci Avere found in only Aa’c patients, usually in very 
small numbers and before treatment was started. They disappeared rapidly 
and completely soon after penicillin A\'as given. Friedlander’s baciUus, type A, 
■"■as present in the sputum of one patient. 


Case 19 is an interesting one from the point of aucav of the occurrence and 
ate of different types of organisms in the course of therapy. On admission, 
l)pe 1 pneumococci Avere groAra in the blood culture and types 1 and 19 pneu- 
mococci Avere found in the sputum. The pneumococci disappeared gradually 
rom the sputum after nine days of penicillin therapy. A coagulase-posith’e 
ail hemolytic Staphylococcus aureus first appeared twelve hours after peni- 
ai m AA-as started and became the predominant organism. It persisted through- 
^lospital coui’se, although there Avas a definite reduction in the numbers 
us organism after sulfadiazine Avas started. R. influenzae also appeared and 
^ existed but in smaller nmnbers than the staphylococcus. The penicillin sensi- 
met * ^ pneumococcus in this case was 0.031 imit per cubic centi- 

of influenza bacillus AA-as 0.5 unit per cubic centimeter, and that 

"’ns from 4 to 10 units per cubic centimeter. The 
P > ococcus Avas isolated and tested for sensitiA'ity to penicillin on four 
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separate occasions with similar results each time. It is of interest, therefore, 
that in this patient the pneumococcus, which was the most sensitive to peni- 
cillin, disappeared first, and the staphylococcus, which was the most resistant 
of the organisms, persisted the longest. 

The penicillin sensitivity of some of the strains isolated in the course of 
this study have been included in a previous report.^® Of special interest were 
seven strains of II. hemolyticus which were similar in penicillin sensitivity to 
most meningococci and staphylococci. The most resistant of these strains re- 
quired 0.25 unit per cubic centimeter. One strain was sensitive to 0.125 unit, 
four were sensitive to 0,063 unit, and one was sensitive to 0.031 unit per cubic 
centimeter. 

DISCUSSION 


It is appreciated that the number of patients available for the present 
study was much smaller than was desired. The marked general reduction in 
the incidence of pneumococcal pneumonia, coupled with the difficulty of find- 
ing such patients who arrive in a general hospital before they have been given 
some antibacterial therapy, is in large part responsible for the paucity of eases. 
Furthermore, the follow-up in these patients was relatively short due chiefly 
to the rapid improvement in their clinical condition and consequently their brief 
period of hospitalization. The cough and sputum in these patients cleared up 


quite rapidly, although low-grade fever often persisted for several days. 

There was little difference in the bacteriologic response of the patients 
treated with penicillin and those previously studied in this clinic under sulfon- 
amide therapy.“ Penicillin acts somewhat more rapidly than do the sulfon- 


amides in vitro, but in the patients the two agents seem to cause disappearance 
of pneumococci from the sputum nuth equal rapidity. (The pneumococci did, 
however, clear more rapidly from the sputum after penicillin."’) The differ- 
ences were not very striking in this small group of patients. Penicillin 
appears to be more effective than the suKonamides in preventing purulent 
pneumococcal complications, and the same mechanism may also have resulted 
in a smaller percentage of patients in whom pneumococci persisted under 
penicillin treatment. Only six strains, or 17 per cent of the thirty-five which 
were originally present, persisted after penicillin, therapy, as compared ivith 
30 per cent among the sulfonamide-treated patients previously studied in this 
clinic.^^ A similar proportion, namely three-fourths of the strains which 
cleared during therapy, had already disappeared by the third day of treat- 


ment with either agent. 

The dosage used in the present series of patients was considered to be ade- 
quate although others may consider it only moderate. It was sufficient to 


maintain levels of penicillin in the blood above those required by the sensi- 
tivity of the pneumococci, and it seemed adequate clinically. It is possible* 
however, that larger doses which may permit greater penetration into infected 
foci might have cleared the pneumococci more rapidly and more completely- 
The possibility is further suggested by the results obtained in beta liemoljdic 
streptococcal respiratory infections in which the organisms are more sensitive 
to penicillin and in which similar doses result in more rapid clearing of tbe 
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organisms from the pharynx.-^ The reason for the failure of pnetmaococci to 
disappear from the sputum in some patients, in spite of their susceptibility to 
penicillin, is not entirely clear but probably depends on their being protected 
in some ivay from the action of the antibiotic. 

In the present series the persistence of pneumococci could not he clearly 
related to bacteremia, to underl 3 dng respiratory disease, to resistance of the 
organisms to penicillin, to the numbers present before treatment, or to the 
failure of the antibody mechanism, at least as judged from the presence of 
phagocytosis in the sputum smears. The failure to observe such correlations 
may be due in part to the small number of patients, but it is more likely a 
result of the relatively great effectiveness of penicillin as an antipneumocoecal 
agent. 

It is highly probable that most of the pneumococcus strains which were 
first recognized after penicillin therapy Avas started were actually present 
before that time but in too small numbers to be recognized among the other 
pneumococci which predominated. They were almost all found during the 
first day or two of treatment and disappeared quite rapidly. 

The changes in the flora of the sputum under penicillin therapy is plso of 
interest. Gram-negative bacilli replaced the more susceptible gram-positive 
cocci and predominated in most instances after recovery. The complicating 
staphylococcal pneumonia represents an example of a patient in whom a viru- 
lent but peniciUin-resistaut organism becomes predominant and replaces the 
original infecting organism. In this patient the staphylococcus was clinically 
more susceptible to sulfadiazine than to penicillin. It is of interest that in the 
tu*o patients who died the pneumococci cleared rapidly and death in each case 
iras due to other immediate causes. 


SUMAIABT 

Sputum and throat cultures and stained smears of sputum were studied be- 
fore, during, and after treatment with penicillin in twenty-six patients with 
pneumococcal pneumonia. Considerable differences were noted in the per- 
sistence of pneumococci in these patients. About one-sixth of the strains found 
efore^ penicillin therapy was started persisted throughout the period of ob- 
servation. About three-fourths of the remaining strains could no longer he 
found after the third day of treatment. 

Strains of pneumococci of types not identified in the pretreatment cultures 
uere found for the first time during or after penicillin therapy in six patients. 
0 y one of the strains, however, was found in more than a single specimen. 

strains of pneumococci tested Avere sensitive to penicillin, and 
ICC strains isolated after therapy were found to be just as sensitive as the 
ic watment strains of the same types isolated from the same patients, 
iiitcl P'^^s'stence of pneumococci in the sputum did not appear to be defi- 
iiu^ to bacteremia, complications, chronic respiratory infections, the 

organisms present before treatment, the development of penicillin 

1'^ nnce. or the failure to develop antibodies, as judged bv phagoevtosis of 

P'>oumococci in stained smears. ' - 1 - - 
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In one patient a stapliylocoecal pneumonia dcvelojiecl as a complication of 
the pneumocoecal lobar pneumonia. The staph34ococcus first appeared in the 
culture of the sputum obtained twelve hours after penicillin was started and 
then became predominant in subsequent cultures. It was quite resistant to 
penieillin, and improvement occurred onlj' after intensive sulfonamide therapy. 
Following penicillin thcrapj”, tlic flora of the .sputum changed in most in- 
stances to one in which the predominant organi.sms rverc gram-negative bacilli 
having the morphology’’ and colony characteristics of influenza bacilli. 
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PRODUCTION OF AND ATT A IN A PIG WHICH RESPONDED 
TO PURIFIED DIALER EXTRACT 

G. E. Cartwight, AI. AI. Wiktrobe, axd S. Hujiphbets 
S iVLT L.vke City, Utah 

C ASTLE and co--\vorkers^ demonstrated that several commercial crude casein 
preparations possessed significant “extrinsic factor” activity and that 
careful purification was required for the elimination of the extrinsic factor. 
Borden’s Labco vitamin-free casein was found to be essentially free of such 
activity. Since our swine experiments’ were performed ivith crude casein, it 
seemed desirable to ascertain the effect of the substitution of Labco vitamin- 
free casein for the crude Sheffield new process casein used, thus eliminating 
the extrinsic factor from the diet. The following experiment was performed 
uith this in mind but was carried out only in one animal because of the great 
cost of the “rntamin-free” casein. The animal was also given sulfasuxidine 
in the diet. An anemia developed which responded to purified liver extract. 

Recently it has been demonstrated in three different laboratories^'® that 
sjTithetic “folic acid” {Lactdhacxllus casei factor from liver) has antipemicious 
anemia activity. Because of this fact and its significance in relation to the 
causation of the nutritional anemias, it was decided to put our observations 
in a single animal on record at this time. AVe are well aware that observa- 
tions in one animal are not sufficient to permit one to draw definite conclusions. 
AVe are also aware of the fact that we have not proved that this animal was 
deficient in “folic acid.” However, because the liigh cost of the experiment 
prohibits its being repeated in a large series of animals and because of the 
interest in experimentally induced anemias at the present time, it was felt 
that it would be worth while to make our results known since they are clear 
cut and appear to be unique. 

METHODS 

A pure-bred Duroc pig, 30 days of age, was placed on a basal diet con- 
sisting of Borden’s Labco vitamin-free casein, 26.1 per cent; sucrose, 57.7 per 
cent; lard, 11.0 per cent; salt mixture (swine salt mixture No. 3®), 5.2 per cent. 
•11 fasuxidine® was added to the diet in an amount of 2.0 per cent. In addi- 
1011 , the animal received blended oil (1.800 units of vitamin A, 175 units of 
itarnin D per gram),! 0.5 Gm. per kilogram of body weight per day. A’ita- 
iinnsi were supplied in crystalline form by placing them in capsules and ad- 
_J^ii^ering them orally. The quantities of crystalline vitamins given were as 
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follows (milligrams per kilogram of body weight per day) : thiamine hydro- 
chloride, 0.25; riboflavin, 0.12; nicotinic acid, 1.20; pyridoxine hydrochloride, 
0.20; calcium pantothenate, 0.50; p-aminobcnzoic acid, 0.50; inositol, 1.20; 
choline, 10.0. Full details of the experimental methods have been given else- 
where." 

Plasma iron determinations were made by the method of Kitzes, Elvehjem, 
and Sehuette.® The method of Grinstein and WatsoiP was followed for the 
determination of erythrocyte protoporphyrin. Serum copper was measured 
according to the procedure of Gai’twright, Jones, and ‘Wintrobo.® 


RESULTS 

After about sixty-five day's, thinning of the hair over the rump and back 
was noted. The animal began to develop an untidy appearance. By about 
ninety days there w'as almost complete denudation over the flanks and rump 
and thinning of hair elsewhere (Fig. 1). Black crusts appeared about the eye- 
lids (Fig. 2). There "was a definite impairment of groivth (Fig. 8). At 170 
days of age the animal weighed 29 kilograms as compared "with a normal of 
72 kilograms. The gait at all times was not remarkable. 

Oyi the one hundred twentieth day of the experiment 1 mg. of biotin* was 
given intramuscularly and this therapy was continued for seventeen days. 
There was no change in the general appearance, coat, grow’th (Fig. 3), 
blood (Fig. 4) of the animal. On the one hundred forty-first day of the ex- 
periment the volume of packed red cells had fallen to 21 c.c. per 100 c.c. The 
anemia was normocytic and very slightly, perhaps not significantly, hypo- 
chromic. The erythrocyte protoporphyi’in (Fig. 4) ivas in the lower range of 
normal for pigs. The plasma iron, -which had previously been elevated, had 
fallen to normal. The serum copper -n-as definitely elevated. Unfortuifately 
neither a -white cell nor platelet count -was done at this time. On the one 
hundred twentieth day of the experiment, at which time no anemia was pres- 
ent, the white cell count was 17,400 and the platelet count 370,000. 

Purified liver extract,! 1 c.c. intramuscularly, was administered on the one 
hundred forty-first day and this dosage -was continued for the next nine days 
By the fifth day there was a definite reticulocyte response which reached a 
maximum of 9.4 per cent on the tenth day of therapy (Fig. 4). There was 
an immediate rise in hemoglobin and volume of packed red blood cells. The 
plasma iron after some fluctuation rose to the previous high level. The serum 
copper slowly fell until it reached the normal range. There was a sligW 
transient rise in the erythrocyte protoporphyrin during the reticulocytosis- 
Following the initial response there was a gradual increase in the henioglobm 
and volume of packed red cells to the lower range of normal and a markea 
resumption of growth took place. Fifty days after the liver therapy the ani- 
mal had gained 30 kilograms of weight, -a new complete and glossy coat of 
hair had appeared, and the animal, except for a moderate stunting of groivth, 
was normal. 

•Kindly furnished by Merck & Co., Inc.. New York, N. Y., throush tl’e courtesy of 
Dr. D. F. Robertson. 

tParke, Davis & Co., 15 units per cubic centimeter. 
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To determine whetlier or not these Tesults conlcl be reproduced by feeding 
solfasTradine in the diet in the presence of crude casein rather than purified 
casein, four animals were given the same diet as this animal received except 
that Sheffield’s “new process” casein was substituted for Borden’s Lahco 



**51^5 riven V’'’ growth o£ Oie pig EhoTm In Figs, 1 and 2 Tvltb Uiat ol an 

t'rotr.pt gpote.,h 5ulfasuxic3inc. Xote the failure of biotlu therapy and the 

hpovrih response to the tn^ccUon of liver extract 
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vitamin-free casein. After seven month.s on tlu.s refrimen no ancinia had de- 
veloped, the hair was abundant and of good texture, and there was no evident 
impairment of grow'th. 



Fig-, i . — Changes In the blood of the animal given crude casein and no sulfasu.vidinc. Not^ 
reticulocyte response and the relief of anemia following liver therapy. 


COMMENT 

An anemia developed in this animal which responded to highly 
liver extract. Whether the anemia occurring in this animal was the counter- 
part of pernicious anemia in human beings we are unable to state. The diet 
used in this experiment presumably contained no “extrinsic factor.” -As w 
pernicious anemia, the serum copper was high and the eiTthrocyte 
porphyrin normal. Pernicious anemia, however, is macrocytic and is usually 
accompanied by elevated plasma iron, whereas in this animal the anemia was 
normoeytic and the plasma iron was normal. ' 

In our animal the anemia was produced in the same fashion as 
acid” deficiency anemia is induced in rats.^" Borden’s Labco casein contains 
very little “folic acid.’”^ Since the administration of “folic acid” (i- 
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factor) produces a hemopoietic response in pernicious (raaerocjd:ic) anemia^ in 
man,^'® it is interesting that “folic acid.” deficiency in chichs is macrocjtic, 
whereas in rats’® and monkeys” a similar deficiency gives rise to a normocytic 
anemia. It is possible that in the pig “folic acid” de'ficieney is_ associated 
with the development of normocytic anemia. 


SUMMART 

One pig maintained on a diet in which purified casein (Borden’s Labco 
litamin-free) was substituted for crude casein (Sheffield new process) and to 
which 2 per cent sulfasuxidine was added failed to grow' normally and de- 
veloped partial alopecia and a normocytic anemia. Following treatment with 
a highly purified antipernicious anemia liver extract, body hair growth was 
re.sumed, and following a definite although not marked retieulocytosis the 
blood returned to normal. The anemia ivas accompanied by normal erythro- 
cyte protoporphyrin, normal plasma iron, and an elevated serum copper level. 

Four animals maintained on a diet in which crude casein was used in place 
of the purified casein and to which sulfasuxidine was added gi'ew' well, main- 
tained normal coats, and failed to develop anemia. 
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THE EELATION OF THE PLASMA SAIHCYLATE LEVEL 
TO THE DEGREE OP HYPOPROTHROMBINEMIA 


F. W. Clausen, M.D., and B, V. Jagek, JI.D. 

Salt Lake City, Utah 

I NTEREST has been renewed in tlie use of massive doses of sodium salicylate 
for the treatment of rheumatic fever since the report by Coburn' of results 
with this form of therapy not attained by the use of smaller doses. It has 
become apparent, however, that large doses of this drug produce hypopro- 
thrombinemia somewhat analagous to that caused by dicumarol. In this study, 
plasma salicylate levels and prothrombin determinations were performed on a 
number of patients and rabbits receiving large doses of sodium salicylate. K 
seemed worth Avhile to determine whether the degree of hyTJoprothrombinemia 
might be correlated with the total daily dose of sodium salicylate or with the 
level of salicylate in the plasma. Elsewhere we have indicated that many 
clinical manifestations of salicylate intoxication may be correlated closely with 
the height of the plasma salicylate level which in a given individual may he 
difficult to predict from the dosage employed.- Actually the salicylate content 
of the plasma of one individual may be greater than that of another individual 
who is receiving twice as much of this drug per kilogram of body weight. 
In previous studies attempts to correlate hypoprothrombinemia with salicylate 
medication have usually referred to the total salicylate dose rather than to the 
plasma salicylate level.^'® In a few instances, the effect of large doses of syn- 
thetic vitamin K was observed in man and animals in our studies.- 

There is abundant clinical evidence that sodium salicylate and other salicy- 
late derivatives may produce hemorrhage into the gastrointestinal tract ana 
elsewhere. Instances of such complications prior to 1940 have been rcviewe 
by Link and co-workers^’ “ and w’ill not be discussed here. More recently 
additional eases -with hemorrhagic manifestations have been observed in inai- 
■Nuduals with salicylate intoxication.'’ ® 

Link and co-workers^ have demonstrated the occurrence of hj^poP^®' 
thrombinemia after a single oral or intravenous dose of salicylic acid to rats 
which were maintained on a diet deficient in vitamin K. If the diet were 
adequate in vitamin K or supplemented by synthetic wtamin K, hypopr®' 
thrombinemia could be prevented. Rapoport, Wing, and Guest® w’ere able to 
produce hypoprothrombinemia in normal rabbits after a single injection o 
methyl salicylate. 

Many reports are now available which indicate that single or repeate 
doses of sodium salicylate or other salicydate derivatives, in suitable amounts, 
result in hypoprothrombinemia in man.*' Of interest in this regard are 
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the observations of Shapiro and co-workers^’ ® who reported that hjpopro- 
thrombineTnia nsually can be prevented- if synthetic vitamin K is administered 
with the salicylate medication. Most of their patients who were receiving 6 
Gm. of acetylsalicylic acid daily developed no hypoprothromhinemia if they' 
also received 6 mg. of vitamin K daily. However, hypoprothromhinemia oc- 
curred in one patient on this regime and disappeared after daily intravenous 
infusions of cevitamic acid were given. Meyer and Howard^^ also found that 
small doses of vitamin K would prevent the hypoprothrombinemic effect of 
salicylates, fashena and M^'alker^® commented on the efficacy of vitamin K in 
causing the disappearance of prothrombinopenia in salicylate intoxication. 


MATERIAL AND MjETHODS 


The clinical material consisted of cases of acute rheumatic fever and active 
rheumatoid arthritis treated vdth large doses of sodium salicylate. These pa- 
tients received an ordinary hospital ward diet without added vitamins. The 
prothrombin times and the salicylate levels of the plasma were determined 
repeatedly in six children and eighteen adults. The sodium salicylate was 
given intravenously or oraUy. The range of dosage was from 0.06 to 0.28 of 
a gram per kilogram of body weight per day in the adults (from 5.4 to 18 6m.) 
and was from 0.11 to 0.31 of a gram per kilogram of body weight in the children. 

Similar studies of prothrombin times and salicylate levels of the plasma 
were made in adult rabbits (mostly female) which ranged in weight from 2.2 
to 3.4 kilograms. Administration of sodium salicylate was attempted orally, 
mtraperitoneally, intravenously, and subcutaneously. In our hands, the most 
satisfactory route appeared to be the subcutaneous one, and this was employed 
exclusively in the animals to be considered. Sodium salicylate in the form of 
an isotonic solution -was given subcutaneously in divided doses at eight-hour 
intervals for periods ranging from two to thirty days. The total daily dose 
laned from 0.15 to 1.0 6m. per kilogram in different animals. As in the ease 
of patients, the rabbits receixong similar doses by identical routes nevertheless 
showed marked variation in their plasma salicylate levels, even though these 
Here determined each morning eight hours after the last injection and just 
prior to the next injection in all animals. 


ilany animals became fatally intoxicated within a short period, while 
other animals gave no evidence of intoxication. Samples of blo^ were ob- 
tained with difficulty by cardiac puncture from the animals that received 
lejlates because of the frequency of cardiac tamponade after this procedure, 
icrefore blood for prothrombin studies and salicylate levels was removed 
rom the femoral veins under direct exposure in nonanesthetized animals, 
nice so many animals became fatally intoxicated, it was possible to make 
I'tqnent determinations in only nineteen rabbits. 

l)its ^ -tingle injection of sodium salicylate subcutaneously in rab- 

iiiin'ut ^ prompt rise in the plasma level to a peak value ^vithin thirty 

his level then dropped rapidly during the first three hours and was 
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often too low to measure after four hours. On the other hand, repeated injec- 
tions produced a cumulative effeet -which varied considerably in different ani- 
mals as reflected in the height of the plasma level eight hours after the pre- 
vious injection. 

The plasma prothrombin times were determined by the one-stage method 
of Quick.^^ This consists in determining the clotting time of recalcified plasma 
to which an excess of thrombopla.stin is added. Commercial thromboplastin* 
was employed. A curve was comstructed from the prothrombin times of vari- 
ous concentrations (100, 75, 50, and 25 per cent) of the plasma of a normal 
person or rabbit. The dilutions were made with physiologic saline. The pro- 
thrombin time of the undiluted plasma of the patients or animals receiving 
salicjdates was applied to the curve constructed from the control plasma (rab- 
bit or human), the value of the unknown being expressed as per cent of the 
normal plasma dilution. A new control curve was prepared each time pro- 
thrombin measurements were made. It was not possible to apply human and 
rabbit prothrombin times iutcreharrgcably to the same control curve. The 
prothrombin times of undiluted and diluted rabbit plasma are much shorter 
than ai'e those of human controls, kfanj" ciirve.s were constructed from the 
plasma of the same human control and were remarkably constant from day 
to day. The commercial thromboplastin did not have maximum potency and 
the slope of the curves in the range 100 to 50 per cent of normal approximated 
that observed by Souter and Kark,’® who indicated the advantages of using 
a relatively' weak thromboplastin. With a more potent prepa:*ation of throm- 
boplastin, little or no difference in prothrombin time is observed in the 100, 
75, and 50 per cent saline dilutions of control plasma. 

Link and associates”’ advocate determining the prothrombin time of n 
12.5 ijer cent saline dilution of the unknown plasma. This method is particu- 
lai’ly valuable in detecting slight deviations from normal, since at this dilution 
a slight variation in prothrombin content alters the time interval considerably. 
These investigators use a potent preparation of thromboplastin, and, in them 
hands, the method apparently is reliable even with great reduction in plasma 
prothrombin content. Hou'cvcr, with the available commercial thromboplastnii 
the normal prothrombin time of a 12.5 per cent saline dilution is often as long 
as 100 seconds. Marked reduction in prothrombin content greatly lengthens 
this time^^ often giving an end point which is difficult to read. Butt an 
co-workers'^ experienced the same difficulty ivitb the 12.5 per cent dilutions 
in patients receiving sodium salicylate. 

Plasma salicylate levels were determined by the method of Brodie, Uden- 
friend, and Coburn.'' Values for plasma salicylate are expressed as micro- 
grams of salicylic acid per cubic centimeter of plasma. Divdding this value 
by 10 gives the concentration in milligrams per 100 c.c. Menadione ivas the 
type of synthetic vitamin K employed. It is dispensed as an aqueous solution 
in 60 mg. ampules. This was administered intravenously and intramusculai'b 
to human beings and intramuscularly to rabbits. 


•Winthrop Chemical Co., Inc., New York, N. Y. 
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RESULTS 


The severity of the hypoprothromhineinia of the plasma of patients receiv - 
ing sodium salicylate usually "was proportional to the level of salicylate in the 
plasma, increasing with higher plasma salicylate levels (Table I, Mgs. 1 and 2.). 
In a given individual, this relationship between plasma salicylate level and de- 
gree of hypoprothrombinemia was striking. Different individuals, however, 
showed some variation in the readiness with vrhich the prothrombin level was 
reduced in association ■with a rise in the height of the salicylate level. Usually 
no significant hypoprothrombinemia (below 40 per cent) occurred rmtil the 
plasma salicylate level exceeded 600 micrograms per cubic centimeter. 

In rabbits, as well as in man, there was a definite correlation between the 
severity of hypoprothrombinemia and the height of the plasma salicylate level 
(Table U, Pig. 3). When the salicylate level of the plasma was low, there 
was no reduction in the prothrombin content although the same dose of sodimn 
salicylate administered to other animals frequently produced high levels and 
hypoprothrombinemia. One rabbit in this study was given sodium salicylate 
in the usual dosage (0.9 Gm. per kilogram per twenty-four hours subcutane- 
ously) for a period of thirty days, and yet no reduction in the prothrombin 
content of the plasma occurred. The plasma salicylate level remained low at 
all times. 


Pour patients "were given menadione during the course of salicylate therapy. 
In three individuals, doses as llrge as 60 mg. daily administered intravenously 
failed to alter the existent hypoprothrombinemia (Pigs. 1 and 2) , In one case, 
120 mg. of menadione injected intravenously on one day followed by 180 mg. 
hy the same route on the next day restored the prothrombin content to normal 
for a short period (Pig. 2, Case V. W.). A single intravenous infusion of 500 
mg. of cevitamic acid which was given to two individuals with hypoprothrom- 
hinemia did not have any effect. 

Menadione •was administered intramuscularly to three rabbits in doses of 
mg. daily. In each animal, the vitamin K administration was begun on the 
aj that salicylate therapy was instituted. These animals (Mg. 3) developed 
•igh plasma salicylate levels and hypoprothrombinemia occurred while re- 
peated injections of vitamin K were being continued. 

In spite of the frequent occutrence of marked prolongation of the pro- 
irombin time of the plasma of patients receiving salicylate therapy, there was 
hi' bleeding in only one instance. This patient, a healthy adult, had 

> ec mg froni the nose and gums at a time when there was marked hj-popro- 
>rom inemia (20 per cent of control curve) and severe salicylate intoxication. 
Ihr*"' c^se, with fatal salicylate intoxication and equally severe hypopro- 
scr*"" ^^^lopsy revealed only a few insignificant hemorrhages in the 

OILS membranes. In at least five other patients -with severe salicylate intoxi- 
great reduction in prothrombin content of the plasma, no sponta- 
"foRs hemorrhages were observed. 

jccti produced fatal intoxication in over 100 rabbits by repeated in- 

wcrc '''•'t doses of sodium salicylate. Gross autopsy examinations, which 
R‘i< e n\ all animals, usually disclosed a few small hemorrhages in serous 
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Fig:. 1. — The relationship of plasma sallcylafc level to pla.sma Prothrombin conten 
two patients. Note the apparent lack of response to vUninIn 1C and vitamin L m “ 
case. ^ 



[WEEKS I234|| 12345 

Pig. f— The relationship of plasma salicylate level to plasma prothrombin co^enj 
two patients. Note the apparent temporary effect of large doses (from 120 to ISV^fn'the 
vitamin K in the first case and the lack of response to vitamin G and vitamin N ‘ 
second case. 
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Table I. Relation-ship of Plasma Pkothrombin Content to the Plasaia Saijctia.te 

Level in Man 


PLASMA PP.OTHP.OMBIN CONTENT 

BELOW 40% I FP.OM40-60yo 1 ABOVE 60% 

Number of cases 5 14 5 

Mean salicylate level (fig./c.c.) 644 424 296 

Range (/ig./c.c.) 405-810 264-840 260-350 

Table n. Relationship of Pl-asma Peothp.ombin Content to the Plasma Salicylate 

Level in Rabbits 


PLASMA PP.OTHP.OMBIN CONTENT 

' BELOW 40% I FP.OM 40-75% I ABOVE 75% 

Number of cases 6 9 4 

Mean salicylate level (jig./c.c.) 477 337 140 

Range (Mg./c.c.) 300-640 90-568 20-280 



plasma prothrombin content to plasma salicylate level In 
Iasi ti\o animals*^ apparent failure of vitamin K to prevent h>-poprothrombinemIa to the 


P6vcr any severe hemorrhage which might have been responsible 
le catli of the animals (the central nervous system was not examined). 

salic'”-l'^^ litro studies were made to determine the influence of sodium 
sodiiii prothrombin content of the plasma. The concentration of 

per (added as dry powder) varied from 250 to 1,000 mierograms 

itiiiipl *^*^'hiiDctcr in various experiments. Prothrombin times were deter- 
riglil twenty-four hours’ incubation at 37' C.; after forty- 

aiu nincij-six hours at 4° C. ; and after 120 hours at room temperature. 
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using sterile technique. At the temperatare of 4° C., the prothrombin content 
of both the control plasmas and the plasmas to which salicylates bad been 
added were little affected, even after from two to four days’ standing. With 
the higher temperatures, a progressive reduction of prothrombin content of 
equal degree occurred in both control plasmas and in those containing salicv- 
lates. This action was more pronounced at 87° C., particularly after prolonged 
incubation. A similar destruction of prothrombin in normal plasmas permitted 
to stand at room temperature has been reported by Taylor and co-worhers.” 
The failure to demonstrate an in vitro action of salicylate in concentrations 
attainable in vivo has also been observed by Link and co-workers.® 


COMMENT 

These studies indicate that the severity of hjTJOprothromhinemia in pa- 
tients and experimental animals ma}- be correlated uith the height of the 
plasma salicylate level, the degree of hypoprothrombinemia increasing vith 
high salicylate levels. The plasma salicylate levels in a given individual may 
not be predicted from the dose employed since there is great indhidual vana- 
tion in the dosage necessary to obtain comparable plasma levels in different 


persons. 

Butt and co-workers'® likewise noted the hypoprothrombinemia associated 
with salicylate medication in patients with rheumatic fever but could find no 
correlation between plasma salicylate level and degree of reduction in plasma 
prothrombin. They expressed the opinion that the likelihood of development 
of severe hypoprothrombinemia and spontaneous liejnorrhage in association 
with salicylate medication was remote. "We are in accord with this opinion. 
Recently in a preliminary report, Coombs, Higley, and ‘Warren'® observed that 
the hypoprothrombinemia occurring witli salicylate therapy is in direct pro- 
portion to the plasma salicylate level and that the severity of hypoprothrombi- 
nemia is of minor degree until the plasma salicylate level reaches 600 micro- 
grams per cubic centimeter. This eonfiniis our observations. 

Previous reports have emphasized the value of vitamin K in preventing 
the development of hypoprothrombinemia as well as in hastening the 
tion. of the protlu-ombin content when salicylates have been discontinued. 

In the present work, limited observations in rabbits indicate that when t ^ 
plasma salicylate level is high, hypoprothrombinemia may occur in spite o 
continued administration of vitamin K. In man, we did not begin vitamin v 
medication at the time of initiating salicylate therapy; however, moderate y 
large doses of vitamin K (from 60 to 120 mg. intravenously) after the hyp^ 
prothrombinemia had developed had little or no effect while salicylate therapy 


was being continued. 

The mode of action of salicylates upon the prothrombin content of the 
plasma would seem to he via the liver. It is a well-established fact that vita- 
min K is necessary for synthesis of prothrombin by the liver. Animals fe 
diets low in vitamin K® and patients with eirrliosis of the liver® have been 
found to he more susceptible to the hypoprothrombinemic effect of salieylata®- 
In the patients and rabbits studied in the ]n-esept work, tliere was no 
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to suspect a dietary lack of vitamin K or the presence of antecedent damage 
to the liver. 

Since salicylates, dicnmarol, and vitamin K contain salicj’l gi'oups in their 
molecular structures, it seems possible that, although sufficient vitamin K is 
present, its utilization may be blocked by salicylates or by dieumarol. IMassive 
doses of vitamin K may overcome this interference, perhaps by a mass action 
etfect. The hypoprothrombinemia produced by dieumarol in patients usually 
may be overcome by the administration of very large doses of vdtamin 

The lowering of the prothrombin content may he the result of the influence 
of salicylates on certain enzyme systems. Serious liver impairment does not 
appear to be a frequent finding during saheylate medication, especially as 
evidenced by the usual liver function tests.’^ However, ketonuria may occur 
if salicylate intoxication is severe. Moreover, in vitro studies have demon- 
strated alterations of certain metabolic activities of tissue slices in the pres- 
ence of salicylates.--'*' The rapid restoration of the prothrombin content of 
the plasma after the discontinuance of salicylate therapy does not suggest that 
any permanent liver damage occurs. 

STJilMARY 

A correlation between the height of the level of salicylate in the plasma 
and the degree of hypoprothrombinemia was established as a result of studies 
on twenty-four patients and nineteen rabbits receiving large doses of sodium 
salicylate. 

iloderately large doses of vitamin K administered to rabbits throughout 
the period of salicylate medication and to man during the course of salicylate 
medication did not appear to have any effect in regard to the development or 
persistence of hypoprothrombinemia while salicylate therapy was continued. 

The prolonged prothrombin time does not appear to he of clinical signifi- 
cance since hemorrhagic phenomena in intoxicated animals and man are in- 
frequent and, when present, usually do not appear to be a factor in causing 
death from salicylate intoxication. 
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A CKITICAL ANALYSIS OP THE VALUE OP THE ADDITION OP A 
AND B GROUP-SPECIPIC SUBSTANCES TO GROUP 0 BLOOD 
POE USE AS UNIVERSAL DONOR BLOOD 


ilAjoR Lesue H. Tisdall and Captain Donald M. Garland, 

JIedical Corps, Army of the United States, and 
Alexander S. Wiener, M.D., Brooklyn, N. T. 

With the Technical Assistance of Technic.vl Sergeant James Coscia 
AND Staff Sergeant John Glach 

TN A RECENT papeP it ivas demonstrated that transfusions of group 0 blood 
ivith an isoagglutinin titer of 400 units or higher (by the tube-eentiifuge 
method of titration) to recipients of other blood groups resulted in hemolytic 
reactions of varjung severity. On the basis of this work, only group 0 blood 
vith an isoagglutinin titer of 200 units or less was recommended as safe for 
routine use as universal donor blood. Many investigations have been carried 
out (Witebsky and associates,- IHendshoj and co-workers,^ and Wiener and 
associates^) on the use of soluble A and B group-specific substances for addition 
0 ^oup 0 blood to reduce its isoagglutinin titers to safe levels. The ability 
ese substances to reduce the titer of anti-A and anti-B agglutinins in vitro 
•as been established. Klendshoj and, associates^ have reported clinical studies 
a arge series of patients on the effect of transfusions of random group 0 
ooas to which solutions of group substances had been added. However, no 
bln made of the effects of the transfusion of selected group 0 

V 1 H ^ isoagglutinins which had been treated with 

- antt n substances and then given to recipients of other blood groups. 

in m- myestigation was undertaken with the following problems 

tinin^ ' ^ determine tlie amount of blood, with a high titer of isoagglu- 

boun’-To^^T^ cause a hemolj-tic reaction in a recipient of a different blood 
Plasm-i’ i-fi ° f group-specific substances A and B on 
fusion nf \ i' ^ j”Sh isoagglutinin titer' ; (3) to determine the effects of the trans- 
groun isoagglutinin titer, after modification with A and B 

P substances, to recipients of incompatible blood groups. 

JIATERIALS AND METHODS 

Piasma was used instead of whole blood be- 

Plasma so tint studied, are present only in the 

destruction of tl a* which occurred was due to 
ycuon of the red cells of the recipient. 

•The trr Jan. IG, 194C. 

'••r and Co..°malaMpoUs?^Ini"‘^‘^® ECnerously supplied by Dr. E. J. Teeter, of Ell 
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Group B plasma, having a veiy liigli titer of anti-A agglutinins, was ob- 
tained*' from a blood donor wlio had been immunized by an injection of soluble 
group-specific substances. The titer of the anti-A agglutinins for A, cells, by the 
well-slide method, reached as high as 2,500 units (equivalent to 15,000 units by 
the tube-centrifuge technique) but had fallen to a titer of 500 units (2,500 units 
bj^ the tube technique) by the time tlic plasma was collected from the donor some 
three months after the injection of the group substances. One thousand cubic 
centimeters of this plasma were obtained at one time by ^sithdrawing 1,800 e.c. 
of blood from the donor and simultaneously replacing it with an equal volume 
of group B bank blood. 

This plasma, both in the untreated fonn and with A and B -group sub- 
stances added in the proportion of 10 c.e. of W, Tebsky’s solution to 250 c.c. of 
plasma, was given in varying doses to eight volunteer recipients rceruifed 
through the cooperation of the Colorado Slate Penitentiary.l Twelve 250 e.c. 
bottles of groujo 0 plasma with high anti-A agglutinin titersj: were administered, 
after neutralization with 10 c.c. of A and B substances, to twelve other volunteers. 

Each volunteer recipient was given a thorough physical examination. Only 
healthy men were used. The recipient’s blood group was detennuied and he 
was classified as a secrctor or a nonsceretor, according to the technique of 
Wiener.® Volunteers of subgroups A^ and A, alone were transfused. The plasma 
was titrated for its isoagglutinin content against the red cells of the prospective 
recipient. Except where otherwise indicated, all titrations were performed by 
the tube-centrifuge technique. In those cases in which the A and B soluble 
substances were added, titrations against the recipient’s red ccUs were per- 
formed before and after neutralization. Twenty-four hours prior to each trans- 
fusion, the hemoglobin concentration (using the Fisher hemometcr), red blood 
cell count, hematocrit, serum bilirubin, and urine urobilinogen values of each 
recipient were ascertained. § These tests were repeated one hour after the end 
of the transfusion and every twenty-four hours thereafter for seven days. Im- 
mediately at the termination of the infusion, the recipient’s blood was examined 
for evidence of spontaneous agglutination. The technique for determining 
this phenomenom and its significance have been discussed prevdousty.' 
recipients were alkalinizcd wdth sodium bicarbonate before the plasma was 
given. 


RESULTS 


Our findmgs are summarized in Table I. TJie data for the third, fifth, and 
sixth days are not given for the sake of brevity and because they showed no 
significant deviation from the day^s shown. 

As noted in Table I, as little as 25 c.c. of the untreated group B plasma 
administered to a group A^ recipient (Case 1) caused a frank hemolytic n- 
action, as manifested by chill, fever, pain in the lumbar region, hemoglobinuria, 


*\Ve gratefully acknowledge the aid given us by Dr. Lester J. Unger, of the New York 
Post-Graduate Hospital Blood Bank. , 

tVVe desire to express our deep appreciation for the cooperation of Warden Boy 
and the volunteers of the Colorado State Penitentiary, Canon City, Colo. cohool 

^tFurnished to us by the Department of Surgical Physiology- at the Army Medtol 
Washington, D. C., through the courtesy of Major John McGraw Medical Corps, Army oi 
United States. ’ , 

§Colonel Hugh S. Mahon, Medial Corps. United States Army. Chief of Labomtyj 
Service. Pitzsimons General Hospital, Denver, Colo., generouslv provided tlie services 
laboratory. 
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and increased bilirubineiuia, togetliei ivith e\ndenee of spontaneous agglutina- 
tion. - Fifty cubic centimeters caused an even more pronounced reaction in 
another group recipient (Case 2). In a /volunteer of group A, (Case 6), 
25 c.c. of this plasma caused no obvious reaction, but 50 c.c. (Case 7) gave rise 
to conrincing elinical cridence of hemolysis of the recipient’s cells. This con- 
firms our previous wk on this subject and demonstrates the small quantity of 
blood Avith a high isoagglutinin content that is sufficient to cause a hemolytic 
reaction if given to recipients of an incompatible blood group- On the other 
hand, when as much as 250 c.c. of this group B plasma were administered, after 
addition of 10 c.c. of the 'Witebsky group substances, to two volunteers (one 
group Ai, the other A^) , no manifest signs of hemolysis resulted. In one instance 
only was eridence of spontaneous agglutination observed, but this patient 
(Case 5) showed no other eomdncmg findings indicating hemolysis. 

Twelve additional A,^ recipients wei’e then given transfusions of the group 
0 plasmas containing a high titer of anti-A agglutinins which had been^modified 
by the addition of A and B group specific-substances in the proportion of 10 c.c. 
of the group substances to 250 c.c. of plasma. As shown in Table I, the ability 
of these substances' to reduce the in vitro isoagglutinin titers to Ioav lei-els is 
established beyond question. The highest titer among the plasmas used was 
1,800 units by the tube method. The titer of this plasma was reduced to 100 
units by the group substances. In one ease in which the original titer was 500 
units the presence of anti-A agglutinins could no longer be detected after the 
addition of the group-specific substances. 


No clinical reaction Avas noted among the uidiAadnals receiAung “neutral- 
ized” plasma except for one case of urticaria Avhieh has no bearing on this 
investigation. No post-transfnsion hemoglobinuria Avas observed, and in only 
si-v of the tweh’e recipients was there a significant increase in bHimbinemia. 
In the other six recipients, while no marked rise in bilirubinemia occurred, a 
slight fall in the hemoglobin and red blood cell and hematocrit values suggested 
a small amount of red cell destruction. However, this could also be explained 
hj the hemodilution resulting from the plasma infusion. In five of the recipients, 
■Signs of hemolysis AA'ere somewhat delayed, appearing as late as the fourth and 
iflh post-transfusion day. This might be explained bj* postulating that the 
combination of agglutinins and the group substances AA-as a loose one. AA-ith a 
jmadnal rele.nse of the agglutinins. Nevertheless, it is felt that in all these 
meipients the actual amoAuit of red cell destruction Ava.s' clinically in.signifieant. 

IIS is predicated on the close obserA'ation of the recipients, on the fact that no 
cinieal reactions occurred, and on the fact that in all recipients the evidence 
0 lemolAsis AA-as lran.sitorj' and because the small number of recipient’s red cells 
tioslroyed probably did not exceed the equivalent of from 25 to 50 c.c. of blood. 

icrcfore, it may be stated that this study has demonstrated the ability of A 
UK groiip-.specific substances to inhibit the hemolytic action of the transfusion 
group 0 Wood AAuth a high agglutinin titer to recipients of other blood 

groups. 


riioady been mentioned, CA’cry recipicnl 's .saliA'a AA-as tested for the 
'cncc or .ibsenee of group-specific .substance A, and each patient AA'.a,s classified 
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•In Cases 1 to 8, the recipients received group B plasma obtained from one special 
9 to 20 the recipients received Group O plasma obtained from individual donors. 
tReoelved unmodified plasma. 

as a secretor or a nonsecretor. Whether the recipients ivere secretors or non- 
secretors had no obvious effect on the results of the transfusion experiments. 

During the course of this project, determinations were made of the titei 
of the anti-B agglutinins in the sera of those group A recipients who had re- 
ceived group 0 plasma neutralized uith A and B substances. The titrations 
were performed before the transfusion and at weekly intenmls thereafter. Onl.v 
those recipients who had received modified group 0 plasma were studied be- 
cause group 0 plasma itself does not contain A or B group substances. There- 
fore, any antibody stimulation in those recipients would be due solely to the 
action of the added A and B group-specific substances. It has been shown 
previously that such substances do stimulate antibody formation and indeed 
their injection has been used to produce potent blood grouping serum of a 
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Table II, Tithatioxs of Akti-B AaawTiKiss i-v Gnow a Becif/e.vts of Xelteiuzep 
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])]oocI modified by "i-ouii-spccific substances. Cerlainl}", however, in the face 
of an emergency, ibero should be no besitajie.v in using such blood. 

COMMENT 

There are two fields in medicine where the use of uniA-cj-sal donor group 0 
blood plays an important vole. It is of prime importance in military medicine 
in the treatment of combat casualties, whez'c its efficacy has been proved beyond 
doubt. It has been demonstrated that group 0 blood must have a low titer of 
i.soagglutinins (about 200 units by the tube technique) to be safe for use as 
universal donor blood.^ Such a low titer u'ill mean discarding about 25 to 50 
per cent of group 0 bloods to be used for this purpose. In the presence of a 
large demand for univei-sal donor blood, such a waste of material would be 
unwarranted. Based on the observations made in the present study, it is felt 
that the routine addition of A and B substances to gzvnp 0 blood would render 
any gi'oup 0 blood perfoeth" safe for use as universal donor blood for niilhaiA 
purposes.. 

The other important therapeutic role of universal donor blood is its use for 
the immediate treatment of emergency cases of hemorrhage in ci^ban lifo- 
Low titer group 0 blood should be transfused u-hile proper groupings and cross- 
matching tests are being eairicd out As an additional precaution, Rli-negata® 
blood should be used. Further observation and foUow-up studies must be maoe 
on the subject of the possible significance and effects of isoantibody stimulation 
in women potentially capable of childbearing. In the meantime, because o 
the impracticability of having two kinds of universal donor blood, one for men 
and one for women, we believe that low-titer group 0 blood destined for use as 
univei-sal donor blood in cmlran hospitals should be selected according to the 
technique outlined in oui- previous paper, > without the addition of A and B sub- 
stances. 

CONCLUSIONS 

1. As little as 25 e.c. of a group B plasma containing a high i^er of 
isoagglutinins caused a hemolytic reaction when administered to a group A 
recipient. 
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2. A and B group-specific substances wdll reduce a high isoagglutinin titer 
to low levels. 

3. Experiments on tbe administration of plasma ■with high titers of anti-A 
agglutinins to group A recipients present definite evidence that the addition 
of group-specific substances A and B is a safe and reliable method for preparing 
all group 0 blood for use as universal donor blood for militarj' purposes. 

4. A and B substances are capable of antibody stimulation even when in 
combination vith the anti-A and anti-B agglutinins of group 0 blood. This 
calls for some caution in administering such material to women potentially 
capable of childbearing. 

5. For use as universal donor blood in civilian hospitals, Eh-negative group 
0 blood, selected for its low natural isoagglutinin titer, is somewhat preferable 
to random group 0 blood to which group substances have been^ added to reduce 
tlie isoagglutinin titer. 
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UEEA AS AN ADJUNCT TO SULFONM'IIDE THERAPY ' 

Report of Its Successful Use in a Case of Subacute Bacterial Endoc.\rditis 

Harry Vesell, M.D., Irma H. Gross, jM.D., and Ralph ]\I. Sussman, M.D. 

New York, N. Y. 

T he renal complications from the use of sulfadiazine are well known and 
have been adequately described in recent medical literature. Wlien the drug 
is given in massive doses the possibility of obstructive and toxic damage to the 
kidney is greater. The administration of alkali has Imen helpful in preventing 
or reducing these untoward effects. Urea, too, can be used for this purpose and, 
in addition, maj’' add to the antibacterial action of the sulfonamide. 

Urea or carbamide is a white, colorless, odorless, crystalline substance, highly 
diffusible, dissolving readily in water', 1 Gm. in 1.1 c.c.^ Aqueous solutions are 
neutral and, on heating, break down with the liberation of ammonia and carbon 
dioxide and, therefore, arc not to be sterilized by heating. Urea is marketed 
in chemically pure fomn and also as urea reagent,' which contains impurities. 
Obviously the former and not the latter is used for intravenous therapy. On 
local application it is nontoxic, is fairly innocuous to human tissues, and can 
be sprinlded directly on wounds.- 

Long ago (1902) Ramsdcn^ showed that it prevented putrefaction and in as 
dilute solution as 2 per cent had a marked effect in promoting digestion by 
proteolytic enzymes. Foulgcr and Foshay- showed that some enzymatic actions 
may be retarded even by lo^v concentrations. 

The first detailed study of urea as a bactericide was made by Peju and 
Rajat in 1906.'* In the same year, Wilson' noted that growth of Eschcriclno, coU 
could be prevented by 8 per cent urea — from 1.5 to 3.5 per cent caused pleo- 
morphism of these organisms. 

Urea was used for its direct action in World War I by Sjunmers and 
Kirk' to debride contaminated war wounds chemically. They applied (100 per 
cent) aqueous solutions and also used the solid substance. Bark had a favorable 
experience with its clinical use over a period of four yearn. Holder and 
Maekay' in 1937 found it of value in the treatment of infected wounds. In 1942 
these authors' demonstrated its use together with sulfanilamide in the treatment 
of infected wounds. They believed the carbamide (urea) action rids the wound 
of necrotic tissue and similarly of sulfonamide inhibitors, allowing the 
sulfonamide to exert a maximum bacteriostatic action. They also stated that 
urea markedly enhanced the solubility of sulfonamides and thus increased their 
action. Their experience covered a five-year experimental period. This 
of inactivation of sulfonamide inhibitors was also described wdth the use of 
azochloramide® and urethane.'” 

From the Medical Service, Beth Israel Hospital. 

Received for publication, Dec. 20. 1945. 
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During 1942 studies in the therapeutic application of urea in infections 
were reported by Tsuchiya, Tenenberg, Clark and Strakosch.^^ They found 
that urea (1) was nontoxic, a strong peptizing agent with marked solvent action 
for necrotic tissue, pus, and debris; (2) chemically debrided contaminated 
wounds and mechanieallj' removed inhibitors; (3) lysed bacteria, deodorized 
foul-smelling wounds, and rendered sulfonamides more soluble. They par- 
ticularl}’ showed urea to neutralize methionine and remove sulfonamide fastness. 
The bacteria used were Esch. coli and a staphjdococcus which was obtained 
from a human abscess and made “fast.” 

Curtis and Sobin, Sobin, and Sobin, Aronberg, and Eolneck^- (1941-1943) 
called attention to the sulfonamide-solvent effect of urea and showed, that urea 
might prevent the formation of renal calculi by sodium acetyl sulfapjuddine 
in rats. 

Thus far the work had been on the action of urea locally in wounds, and 
usually in high concentration, in vitro, and in the kidney of rats. 

In 1943, when we contemplated treating a patient with subacute bacterial 
endocarditis ^vith massive doses of sulfadiazine, it was suggested to us by Dick^^ 
that urea be used with it. The following is a report on a patient with subacute 
bacterial endocarditis in whom this method of the use of the sulfadiazine and 
urea was employed and in w'hom recover}' promptly foUowed.*^ 


REPORT OF CASE 


Histonj. — K. K., a native-bom white girl aged 18 years, single and attending trade 
school, was admitted to tlie medical service of Beth Israel Hospital Jan. G, 1913. She was an 
only child and was told she was born with a weak heart but was not a blue baby. Since 
the age of G years she attended a cardiac clinic about twice a year. During her childliood she 
plajed games such as ball and jumping rope without undue difficulty. Her physical activity 
"as not limited until three years before admission to the hospital and then only on the advice 
of a physician. There was no dyspnea, edema, or palpitation. 

.Vbout two months prior to admission to the hospital she began to cough, lose weight, 
and feel ill. This continued for a few weeks, at which time she was seen by a pliysician who 
told her she had fever and should remain in bed. Anorexia developed and her temperature 
rose to 101° F. After several days in bed she felt better and returned to school. 

One day before admission to the hospital she became more feverish, visited her physician 
"gam, and was advised to seek hospitalization. She had lost thirteen pounds during the 
two months’ illness, felt tired and weak all the time, and had missed her last two menstrual 
periods. 


. ^^ominution. — ^The patient was 5 feet, 3 inches tall, weighed 122 pounds, sthenic 

la itu", appeared acutely ill and quite pale. She was coughing and complained of some pain 
over tho left lower chest and left upper abdomen, aggravated by deep breathing and by 
wu^g mg. The temperature was 103.2° F.; pulse rate, 102; and respiratory rate, 24. There 
a. 6 ight dvspnca and moderate cyanosis of the nail beds. Petechiae were not found in the 
vonjimctivae or fundi nor on the body or e.vtremities. 

^ The pharvTix was slightly congested; teeth were in good repair; the cervical lymph nodes 

•e 0 not palpable. The main feature® of interest were found on examination of the heart 
onii lungs. 


ore-i. nn? i^sue of the Jourxal, Schnltkcr and LenhotP* reported the use of 

In th mouth In the treatment of sulfonamide-resistant Bonorrhea. 

In the treafiornt Lancet Ecker“ reported the use of urea and sulfadiazine 

‘rvaimcnt of a patient with B. colt meninsltls. 
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Tlie heart ^vns not enlarged to percussion ; the apical impulse was of moderate force and 
within the midclavicular line. The first sound at the apc.x was of normal quality and intensity. 
There was a loud rough blowing systolic murmur heard over the whole precordiom, maximum 
at the third intercostal space and fourth rib just left of the sternum. The murmur was 
transmitted to the vessels of the neck and to the interscapular area. The heart sounds at the 
base were normal. P, was slightly louder than A, but not accentuated. A systolic thrill was 
felt over the area where the murmur was maximum. Radial pulses were forceful, equal, and 
regular. Blood pressure was 134/74, subsequently 31G/70 left, 120/70 right. The lungs were 
clear except for a small area of dullness at the left base. The breath sounds over this area 
wore diminished and had a bronchovcsicular quality. TJic spleen was not palpable. Tlicre 
was no clubbing of the fingers and no peripheral edema. 

Laboratory Data . — ^A teleroentgenogram and cardiac fluoroscopy revealed slight cardiac 
enlargement to the left, presumed to be due to hypertrophy of the left ventricle. There was 
moderate prominence of the pulmonary conus. An angiocardiogram was interpreted as 
indicating no enlargement of the chambers or large vessels. There was persistent visualization 
of the right ventricle most probably indicating an interventricular sopt.al defect with a left 
to right shunt. The roentgenogram revealed a small shadow in the left lower lobe just outside 
the cardiac shadow thought to be due to consolidation of the lung. 

The four-lead electrocardiogram was normal. There was no deviation of the electrical 


axis. 

An ether test for right to left shunt of the circulation was negative. The maximum 
specific gravity of the casual specimens of urine was 1024. Tests^for albumin and sugar were 
negative. Occasionally several red and white blood cell.« were scon per high-power field. Bare 
hyaline and granular casts wore found. 

The blood contained 3,500,000 red cell.s per cubic millimeter and 9.1 Gm. of hemoglobin 
per 100 c.o. There were 19,500 white cells, of which 82 per cent were polymorphonuclear 
leucocytes, 17 per cent small lymphocytes, and 1 per cent mononuclear cells. The erythrocyte 
sedimentation rate (Westorgren) was 82 mm. in forty-five minutes. 

The Wasserraann, Kline, and Kahn tests were negative. A blood culture taken the daj 
after admission failed to reveal any organisms. 

The diagnoses were •congenital heart disease, intcrventicular septal defect with left to 
right shunt, no cardiac failure, subacute bacterial endocarditis, and pneumonia or infarction 
of the left lower lobe. 

Chemotherapy was started with sulfadiazine orally, 2 Gm. for the first dose and then 
1 Gm. every four hours, sLx times a day. After 16 Gm. had been given, during a period o 
three days, the temperature, wliich was sustained between 102 and 104° F. during these 
three days, somewhat suddenly dropped to below 100° F. and then remained between 9S.6 an 
99.4° F. for nine days. A total of 23 Gm. of sulfadiazine had been given during the fire 
days of this therapy; a maximum blood level of 31.0 mg. per cent was reached. On January 
20 angiocardiography was performed, and on that day the temperature rose to 100.8° F. an 
daily thereafter to"^ about 101° F. until January 26, when it rose to 104.2° F. A blood culture 
was then taken and revealed 58 colonies of Sireptococcits viridans per cubic centimeter o 
blood. 


Oral sulfadiazine therapy was reinstituted and a blood level of 15 mg. per cent was soon 
obtained. Fever continued and after a two-day period of from 100 to 101° F., it rose to 103 


F. In conjunction with continued oral sulfadiazine, fever and foreign protein therapy 


with 


triple typhoid vaccine intravenously on successive days was started February 9. A shaking 
chill occurred one-half hour after each injection and lasted about one-half hour. The tem- 
perature rose to 105° F. and remained high for approximately four hours. While receiving 
her seventh treatment the patient developed swelling of the eyelids and a few redfim 
urticarial lesions on her chest. These disappeared in a few hours. Sulfadiazine was discon- 
tinued after the third injection of the typhoid vaccine because of the presence of many re 
blood cells in the urine. A total of 55 Gm. had been given in thirteen days. After the senes 
of vaccine injections, the temperature dropped to from 98.6 to 100° F. for forty-eight hours. 
A blood culture on the first day after the last vaccine injection was sterile; a second culture 
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five days later revealed only 2 colonies of Streptococcus viridans in the blood plate but a 
heavy gronfh in the glucose broth culture. The fever returned, with the temperature fluctuat- 
ing between 99 and 102° F. for twelve days. Because of the hematuria with sulfadiazine, 
sulfanilamide was then given, but this drug produced an increase in the fever and therefore 
was discontinued; 10 Gm. had been given. On March 1 the blood culture showed 7 colonies 
of Streptococcus viridans per cubic centimeter. An episode of minor pulmonary embolism 
occurred. Sulfadiazine therapy was reinstituted, using smaller doses (0.5 Gm. four times 
daily). A transfusion of 500 c.c. of whole blood was given for the anemia (hemoglobin, 66 
per cent) and was accompanied by a slrin reaction similar to the one after the typhoid 
injection. X blood culture taken March 15 revealed 32 colonies per cubic centimeter of blood. 

At tliis point massive dose sulfadiazine therapy was considered. Dick'^ suggested the 
u«e of 20 Gm. of sodium sulfadiazine with 30 Gm. of urea in 1,500 c.c. of distilled water daily 
until blood levels of from 50 to 75 mg. per cent of each were obtained. Three series of in- 
fusions at weekly intervals were advised. TTe decided to give tliis solution intravenously at a 
rapid rate, completing the infusion within two and two and one-half hours. 

During the first infusion the patient developed the same itching and urticaria such as 
she had had with previous intravenous injections with other substances. They were readily 
controlled with % c.c. of adrenalin intramuscularly. They reappeared later in the course of 
the infusion bat responded to ephedrine, gr. %. After the infusion the patient became 
nauseated and vomited many times. The blood sulfadiazine level was 37.9 mg. per cent on 
the next morning. A similar intravenous infusion of sodium sulfadiazine and urea was given 
twenty-four hours after the first with no reaction but some nausea. The temperature curve 
daring this time showed rises to 101 and 102° F. The following day (March 20) the blood 
Sulfadiazine (free) was 61.9 mg, per cent and the blood urea nitrogen, 12,9 mg,; March 22 
the blood sulfadiazine, (free) was 33.3 mg. per cent and the urea nitrogen, 75.5 mg. per 
cent; and March 24 the blood sulfadiazine was 21,4 mg. per cent and urea nitrogen, 90 mg, 
per cent. 


Because of the nausea and vomiting with consequent dehydration, on the third day 
following the sulfadiazine and urea treatment an intravenous infusion of saline and glucose 
"as given and continued for four days. 

The urinary output was not seriously reduced — it did- drop to 540 c.c. for twenty-four 
hours but then increased considerably with the administration of saline and glucose infusions. 

A blood culture March 23 was sterile. The temperature dropped to normal for six days 
following the first sulfadiazine and urea treatment and then gradually rose to 101° F. A 
hlood culture March 29 was also sterile. The second series of infusions was started on 
March 29 and was identical with the first. The second infusion of this series was given the 
following day. The sulfadiazine blood and urine levels and the volume output of urine may 
>>c seen in Fig. 2. The maximum sulfadiazine blood concentrations reached this time were 
'-.1 mg. per cent free and 97.8 rag. per cent total, Xo untoward reaction occurred. The 
emperaturc returned to normal .4.pril 1, the day after the infusion, at which time the blood 
u ure was sterile. \ third series of infusions similar to the previous two were then given. 

ero UUP ^ slight urticarial reaction. The blood sulfadiazine level after this third series of 
in utions rose to 65.4 mg. per cent free and 96 mg. per cent total. 

Ill urine April 9 at a pH of 6.7 contained 361 mg. per cent of free sulfadiazine, 740 

Jig. per cent of total sulfadiazine, and 490 mg, per cent of urea X. On April 10 the urine 
1 if uuufuiucd 141 mg. per cent of free sulfadiazine, 341 mg. per cent of total 

" a "od 129 mg. per cent of urea X. 

"m 1 *'° uufpuf oa one day (April 10) dropped from 2,000 to 90 c.c., but the 

rc-l IjoOO c.c. On the day of the severe oliguria the urine had from 2 to 3 

PO’" high-power field, but no sulfadiazine crystals were found. 

'pV,!!- blood eclhs and white blood cells were frequently reported in the daily urine 

uring the intensive therapy, sulfadiazine crystals were found in only two of the 
‘^^*niens examined and then only in small numbers. 

second series of infusions the temperature returned to normal and rc- 
from then on until the patient was discharged twenty-nine days later. During 
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this twentj’-nino day period tlic patient was asymptomatic except for some wcaknets, ahich 
gradually subsided. All blood cultures taken after the administration of the first massive 
dose of sulfadiazine and urea were negative. 

The patient was discharged from the hospital April 29, 1943. After a few months of 
convalescence at home she went to work and has boon working regularly since — a period of 
over two years. Her weight has increa.sed to Idl pounds, a gain of 32 pounds. She ha.« 
been feeling well, and at the time of the many c.xaminations during the past two and one-half 
j'cars, her temperature and pulse rate have been normal. The loud murmur is about the 
same. The urine has been normal; specific gravity-to 1024, negative for albumin, and nega- 
tive on microscopic examination. The crythrocj’tc sedimentation rate taken twice was normal. 
There lias been no evidence of recurrence of the infection. 

Anotlier patient tvitli suliacute bacterial endocarditis received similar treat- 
ment with infusions of sodium sulfadiazine and urea but succumbed. Alpha and 
beta hemolytic streptococci iii large numbers were obtained from the blood. Of 
particular note in tin's second patient too was tlie absence of untoward reactions 
of any bind with the infusions except for cardiac failure during the third series 
of injections. In vitro determinations revealed the organisms here to he re- 
sistant to sulfadiazine, sulfatbiazole, sulfapyridinc, and sulfanilamide in con- 
centrations np to S mg. per cent (pH 7.3). Tiie organisms were also found fast 
to sulfadiazine in concentrations of 30, 60, and 90 mg. per cent with and without 
urea. At 116 mg. per cent all the organisms in tlie culture were dcstro.ved. 
This higli sulfadiazine (free) concentration was found to liave been reached 
in the patient’s blood on two occasions. 


DISCUSSIONS 

During the couree of the described treatment with massive doses of sodium 
sulfadiazine and urea, given intravenouslj', blood sulfadiazine concentrations 
were i-ecorded up to 62.1 mg. per cent free and 97.S mg. per cent total in the 
first patient and even higlier in the second. TJiese are from five to ten times 
greater than those usually reached and found efficacious iu the treatment oi 
pneumonia and other infections, as well as for bacteriostasis in vitro. Bloo 
urea nitrogen concentrations up to 90 mg. per cent were obtained. This is 
equivalent to 193 mg. of urea or about .2 per cent urea. In the urine, con- 
centrations of total sulfadiazine up to 740 mg. per cent were reached; pSi 
This concentration as well as others obtained are well above the threshold foe 
sulfadiazine crystalluria as indicated by solubility curves (Fox, Jenson, an 
Mudge’® and Gilligan, Garb, and Plummer^e^. Nevertheless, there was almost 
complete absence of sulfadiazine crystals in the urine. In the absence of othei 
known causes, this increased solubilitj’- of sulfadiazine maj^ be attributed to the 
use of urea and so is in accord with the findings of Sobin and co-workers. 
It has been reported that urea may reduce tlie viscosity of urine.^® In thisvay 
too, the solubility of the sulfonamide maj”- be increased. 

Little untoward reaction was encountered. Nausea and vomiting 
present for a few days after the first infusion. Except for one day of oliguna) 
no impairment of renal function ivas found and none is present now, over two 
years later. In the second patient cardiac failure limited the further use of the 
infusions. 
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In the case reported, after other methods of treatment including the use 
of sulfonamide alone and also combined with tj^ihoid vaccine injections had 
failed, the use of massive doses of sodium sulfadiazine and urea was promptly 
followed hy recoverj* of the patient. Because of the promptness of the response 
and the rarity of spontaneous recovery in subacute bacterial endocarditis,^® it 
was felt that the sulfonamide and urea treatment was, in the main, responsible 
for the recovery. 

The treatment has the following possible modes of action : 

1. Increased antibacterial (bacteriostatic and bactericidal) power due to 
higher concentrations of sulfadiazine in the blood. 

2. Increased penetration of vegetations in the heart by the higher con- 
centrations of blood sulfadiazine. 

3. Increased sulfonamide effect due to the urea: (a) direct potentiation 
of sidfadiazme^^; (b) inhibition of antisulfonamide substances — ^para-amino- 
henzoic acid (Woods), “P” factor (Green), or other causes of sulfonamide fast- 
ness”; (e) increased solubility of sulfadiazine in the blood due to the presence 
of increased concentration of urea. 

4. Increased solubility of sulfadiazine in the urine due to the urea,*® with 
reduction of crystalluria and consequent renal damage following massive doses 
of sodium suKadiazine. 

5. Possible direct action of urea on the fibrin protectorate of the bacterial 
colonies in the endocardial vegetations: (a) promotion of digestion of fibrin 
hv proteolytic enzj-mes (dilute solutions of urea, 2 per cent, may have such 
action, Ramsden)®; (b) deterrent to coagulation of proteins.® 

Higher concentrations of urea than those used in the infusions were found 
to cause local venous thrombosis at the site of injection. The blood urea con- 
centration can be raised by booster oral doses. 

It is remarkable that no relapse occurred with such a short duration of 
treatment. 

CONCLUSION 

The use of urea as an adjunct in treatment with sodium sulfadiazine is 
described. 

A cure of subacute bacterial endocarditis so treated, ivith prompt recovery, 
's reported. 

Wliile penicillin is preferable in cases of subacute bacterial endocarditis due 
<> alpha hemoh-tic streptococcus, in infections where large doses of sulfa- 
'aj.ine are required the use of urea as an adjunct may be of considerable aid. 
us combined sulfonamide and urea therapy may be desirable in some cases 
resistant to treatment with penicillin. 
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A CLINICAL METHOD OP DETEEMINING THE SPECIFIC EENAL 
FUNCTIONS OF GLOSIEEULAE. PILTEATION AJSH) JIAXBIAL 

TL*BULAE EXCEPTION, OE EEABSOEPTION (AND 
“EFFECTIVE BLOOD PLOW”), USING A SINGLE 
INJECTION OP A SINGLE SUBSTANCE 

^ImroN Landowne, M.D.,® and Alp S. Alving, M.D., Chicago, III. 

^ In a single test, accomplished with little more difficulty than is encountered 
in performing an intravenous glucose tolerance test plus catheterization, fairly 
accurate determination of glomerular filtration rate (GFE) and maximal 
tubular excretion or reahsorption (Tm) can be made. When diodrast (D) or 
p-amino hippurate (PAH) is employed for the test, determination of plasma 
cearanee (Cd or Cpah) and, therefore, of “effective renal blood flow” is also 
possible. The procedure for PAH is described as follows : 

An amount of p-amino hippurate calculated to yield a plasma coneentra- 
lon of the order of SO mg. per cent is slowly injected intravenously. Begin- 
ning ten minutes later, urine collections are made over suitable periods of time 
\ rom five to^ twenty minutes) , and the PAH excretion per minute is determined 
or each period. A series of blood samples are drawn, and from the curve of 
ec ining plasma concentration values are selected corresponding to two and 
inV niinutes prior to the mid-point of each urinary collection period, as 
^ icative of the average plasma level for that period. (The two and one- 
la" I correction is applied because of the anachronism due to excretory 

Uor • ^ per minute is graphically related to the plasma concentra- 

excretions per minute (UV milligrams per minute) as ordinates and 
^asma concentrations of unbound PAH (PF mUligrams per cubic centimeter) 
ni" DP 'i ■ is drawn to fit the points vith PF values above 0.1.5 

is Drpln 1 f hy inspection or by the method of least squares and 

prolonged to the ordinate PF = 0.00. 

The slope of this line is the glomerular filtration rate (GFE cubic centimeters 
per minute = ^iili?i’ams per minute 

. rihin^ms per cubic centimeter ’ The UW intercept at PF = 0 
— axinial tubular excretion (TmpAn = milligrams per minute). A similar 

•"Ith the Unitca Stntes Public He^Ith Seirlce. 
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line applied to points wtli PP values below 0.05 mg. per cubic centimeter, and 
running through the origin, has a slope equal to tlie plasma PAH clearance 
(Opah) or “effective renal plasma flow.” 

While not as accurate as the more standard methods, this procedure is 
theoretically correct as long as there are no wide fluctuations in renal function 
or in blood volume during the te.st. The error's introduced by using a curve 
of decreasing plasma concenti'ation are fewer than the technical errors of 
sampling and analysis. The test is more widely adaptable since it eliminates the 
use of inulin or other substance c-\'cretcd by filtration onl}' in order to determine 
filtration. Continuous intravenous infusions are not needed, and ease of analysis 
of PAH places the procedure within the range of any laboratorj' which is able 
to analyze for blood sulfonamide levels. 

Comparisons have been made between GPU and simultaneously determined 
inulin clearance in fourteen eases. Tire average values of cither method were 
identical. The individual comparisons presented an average difference of iS 
c.c. per minute, or 13 per cent. Each of the values for inulin clearance represents 
an average of several determinations by the standard method ; the average devia- 
tions for the foui'teen eases were 7 per cent. The average of standard Tm 
values was also identical to that of simultaneously derived graphic Tm values. 
Individual comparisons jnelded an average difference of +3 mg. per mimitc, or 
10 per cent. The averaged average deviations of the individual standard Tm 
values was 6 per cent. Graphic values of CpAii or Cd arc, of course, identical to 
average values calculated in the usual waj*. TJic method has been applied to 
glucose, ascorbic acid, and hippuran figures. The accurac}’ of GFIi determina- 


tion and of the filtration fraction (the ratio 


GPK 


) is reduced 


renal plasma flow 

where significantly large amounts of material are bound to plasma protein; an 
the accuracy of Tm determination is reduced in the case of substances where 
the Tm is small in relation to the analytic .sensitivdty. An ideal substance won 
be one whose urinan^ appearance is governed by glomerular filtration plus a 
sizable excretory or reabsorptive maximum, is not metabolized, stored m 
kidne 3 ’’, or bound to plasma protein, and is nontoxic. 

Use of this clinical metliod enables detection of diminution in the rescues 
of specific renal functions before a degree of over-all reduction in fuiictiona 
ability is reached which can regularlj’ be demonstrated by present clinical tests. 


A COMPAEATIVE STUDY OP MERCUHYDEIN AND jMERCUPUBIN. 

ORAL AND PARENTERAL 

M. B. PiNKELSTEiN, M.D. (By Invutation), and Charley J. Smyth, jM.B- 

Eloise, Mich. 

The diuretic and toxic properties of a new organic mercurial N-( 3 -niethox}- 
2 -ox 3 ^mercuripropyl) N-succin 3 durea, “Mercuhydrin,” were studied in 
patients with edema. The results of this study were compared wdtli those o - 
tained when mercupurin ivas administered parenterally to fift 3 ’-two patiens 
and orally to twenty-five. 
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All of the patients (206) were confined to bed, received a low-salt diet, and 
were weighed daily under identical circumstances. Digitalis was ^ven to those 
requiring it. When weight was stabilized, one of tiie mercurial drugs was given ; 
if no diuresis resulted, the drug was repeated after three days of ammonium 
chloride therapy. The amount of weight lost during the twenty-four hours after 
administration of the diuretic preparation was taken as the measure of the 
diuretic effect. Blood counts, urinalysis, electrocardiograms, blood nonprotein 
nitrogen levels, and urea clearance tests were obtained initially and at intervals 
during the period of observation. 

llercupurin given intravenously in 1 e.c. doses produced an average weight 
loss of 2.93 povmds; in 2 e.c. doses, 3.24 pounds. jMercuhydrin given intrave- 
nously in 1 e.c. doses produced an average weight loss of 2.26 pounds ; in 2 e.c. 
doses, 3.23 pounds. Mercuhydrin was equalh" as effective when given intramus- 
cularly as when given intravenously. When ammonium chloride was given as 
preliminary therapy, the weight loss following both mereupurin and mercuhydrin 
was at least twice that which oecuiTed when the latter drugs were used alone. 

Mereupurin administered oraHj' (single dose of five tablets) was less 
effective than eitirer mereupurin or merculiydrin given parenteraUy. Oral 
mereupurin preceded by ammonium chloride produced a diuresis equivalent to 
that produced when mereupurin or mercuhydrin was given parenteraUy without 
ammonium chloride. Furthermore, failure to diurese oecirrred more often when 
mereupurin or mercuhydrin was administered orally. 

No sigrrificant to.xie effects were obserwed in any of the cases studied. 
Transient increases in the number of hyaline casts were observed following 
the parenteral administration of both dnrgs. This was the only renal change 
olrserved. 

The new mercurial diuretic mercuhydrin is as effective as mereupurin and 
ran he administered intramuscularly without pain. Oral mereupurin in the 
doses given is a less effective diuretic than parenteral mereupurin or mercu- 
h.vdrin. 

DISCUSSIOX 

oc M. Moore, Indianapolis, Ind. — 1 would like to report one cafe briefly. A 

fivi' Woman, with one child, had rheumatic heart disease when she was 8 years 
^ severe congestive heart failure and was placed on mereupurin. 
^ c '.IS now received 148 injections intravenously, wliich is apparently the one thing that is 
ler life. si,e enlarged liver all of the time. I report this case only because 

er a ong period of time .'he has had this medication and to date there has been no eWdence 
'll ton.al damage. 


TUB liJFFECT OF TUEOPBYLLINE AMINOISOBUTAXOL IX 
the failing EXPERLMENTilL HEART 

•lonx R. S.MITH. JI.D., .uxo Julius Jexsex, ]\I.D., St. Louis, Mo, 

undertaken to explore, more completely, the effect of 

upon liie fiearl in flie course of heart failure. Oh.servafions wore 
made on dogs. 
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The heart-lung preparation was used in all experiments. The right anil 
left intra-aui’icular pressures were measured by direct manometry. The aortic 
blood pressure was optically reeoi'dcd by means of a Wiggers manometer. 
Coronary arterial inflow was recorded using a Gregg-Green differential pressure 
flowmeter. Cardiac size and output were measured by the usual means. Pol- 
lowng control observation, heart failure was induced by the careful addition of 
chloral hydrate (20 per cent) to the profusing blood until myocardial dilatation 
and elevation of "venous pressures" were noted. Heart failure was then mani- 
fested by cardiac dilatation, fall in cardiac output (from 25 to 50 per cent), 
elevation of inti’a-auricular tension (especially that of the left auricle), and 
gradual decline of blood pressure. Net coronaiy arterial inflow in the failing 
heart-lung preparation rvas usually not altered. Thcophjdline amiuoisobutanol 
(0.06 Gm.) was then added to the profusing blood. 

The administration of the theophylline to the failing heart demonstrated 
that : 

1. The drug has an immediate effect upon the inyocardium. Vigor of con- 
traction was greatly enhanced, with concomitant diminution of iutra-auricnlar 
tensions and decrease in size of the heart. 

2. There was immediate diminution of pulmonaiy congestion. 

3. No immediate increase in coronaiy arterial inflow occurred. 

The decrease in pulmonaiy edema following administration of theophylline 
aminoisobutanol to the failing heart-lung was so striking that the phenomenon 
was investigated separately. Using the de Barcnne modification of the heart- 
lung preparation, blood flow through edematous lungs could be measured, 
eliminating cardiac pulsatile pressure. It was found that : 

1. An immediate and striking decrease in pulmonary edema and emphysema 
oceuiTed after administration of the drug, with free flow of blood through the 
lungs. 

2. Only the pulmonaiy edema of heart failure responded thus to theo- 
phylline aminoisobutanol. Pulmonary edema produced by the inhalation of 
ethyl acetate or by simple, mechanical chronic passive congestion (ivithout heart 
failure) did not respond to theophylline. 

DISCUSSION 

Question. — ^H as there been any success in tlie treatment of erapliysema witliout heart 
failure? 

Question.— I would lilie to ask if any method other than chloral hydrate producea 
heart failure. 

Dr. Emmet B. Bay, Chicago, HI.— I would like to ask what type of reservoir nas used 
in the last experiment. At what pressure was the blood flowing into the pulmonary 

Dr. Smith (closing). — There may be some application of this method to the treatment 
of emphysema without heart failure. It is well known that the effect of this drag upon the 
lungs, particularly in cardiac asthma, is quite striking. If has been noted to be effective m 
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broncliial asthma. I '(vonia imagine that, if emphysema were complicated by chronic bron- 
chitis, this drug would have some beneficial effect. 

Chloral hydrate was the only drug used to produce heart failure. 

In answer to Doctor Bay, the tj-pe of reservoir used in the last experiment was at fixed 
elevation (33 cm. above the right auricle). In ordinary heart-lung preparation, this elevation 
of the venous reservoir assures one of an adequate blood flow into the heart. 


EFFECT OF STDIULI ORIGINATING IN THE UPPER ABD05IEN IN 
THE CAUSATION OP REFLEX SHORTENING OF THE ESOPHAGUS 

Frederick Dey, ]\I.D. (By Invitation), N. C. Gilbert, M.D., 

E. C. Roskelley, 1M.D. (By Invitation), and Ruth Trump, B.S. 

(By Invitation), Chicago, III. 

There are clinical reasons for assuming that some cases of hiatus hernia may 
be caused by reflex shortening of the esophagus consequent upon impulses arising 
^rom the upper abdomen. In a previous paper, it was demonstrated that elec- 
rieal stimulation of the vagus nerve caused sufficient shortening of the esophagus 
0 pull the stomach up to the hiatal orifice. In these experiments the ehe^ was 
losed, and we were not able to pull the cardiac end of the stomach through the 
natal opening. The present series of experiments were performed on the anes- 
hetized dog with the left chest opened and a lever attached to the esophagus, 
ilovements of the esophagus were recorded upon a revolving drum. jManipuIa- 
tion of the liver, pressure upon the gall bladder, and distention of the gall bladder 
soused a reflex shortening of the esophagus similai' to that obtained by electrical 
stimulation of the vagus. Reflexes were obtained elsewhere in the gastroin- 
testinal tract. A hiatus hernia occurred with slight pressure upon the abdomen 
before it was opened, and during the experiment with the abdomen opened it 
ivas reproduced again by a shortening of the esophagus due to reflex stimulation 
or electrical stimulation. 


GASTROCOLIC FISTULA— AN EXPERIMENTAL STUT)Y 

E. John P. Renshaw, M.D. (By lNviT.A.TioN) , R. M. Ki.SK.vDnoN, hI.D. 

(By Invitation), and Frederic E, Templeton, M.D., Clevel.vnd, Ohio 

Patients having gastrocolic or gastroenterocolic fistula present a comhina- 
lon of svmptoms consisting of nausea, vomiting (often with fecal material), 
lorriioa, nutritional deficiency, and cachexia. In some patients the stools are 
colored and contain undigested food, neutral fats, and fatty acid crj'stals. 
>0 patients may also develop anemia, sometimes of the hyperchromie macro- 
ic U pe. The usual e.xplanation of the syndrome is that food passes directly 
^rom tlie stomach into the large inte.stine and short-circuits the small bowel. A 
workers disagree with this explanation. For instance, Pfeiffer and Kent, on 
ir asis of fluoroscopic observation, record that the presence of undigested food 
iiUf^r*^ exceedingly rapid transport of food through the stomach and 

eolo^ probably due to irritation of the tract from the presence of 

lUf lontents from the stomach and bowel.” Atwatter. Butt, and Priestly 
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admit that refiiix of fecal coiiicnt plays a pai’t in eansing the syndrome, l)utthcy 
state that the mcclianical factor (shunting of food out of the stomach into the 
colon) is foremost. 

In view of these conflicting opinions, we observed the flow of barium mi.':- 
tures in nine patients and in six dogs ha\dng gastrocolic, duodenocolic, and 
gastroenterocolic fistulas. In four patients, as ivell as in the experimental 
animals, the major portion of the aliment passed domi the small intestine in- 
stead of entering the colon through the fistula. The human small intestine 
appeared abnormal, as in the so-called “deficiency state.” Roentgenologic find- 
ings followed the descriptions of most roentgenologists : Tlie gastrocolic fistula 
may be overlooked by giving a barium mixture orally’’ but is usually recognized 
during administration of a barium enema. In one dog, at roentgenologic exam- 
ination, we not only -watched the barium leave the stomaeh through the pylorus 
and flow through the small intestine and colon, but also observed a portion of the 
mixture return to the stomaeh through the fistula and emerge again into the small 
intestine thi'ough the pyloms. 

The studies confinn the opinion of Pfeiffer and Xent that in gastrocolic, 
gastroenterocolic, and duodenocolic fistulas, much of the barium mixture follows 
the small intestine and does not flow directly into the colon. The deficiency pat- 
tern of the small intestine seen by roentgenologie examination, along vith the 
presence of neutral fats and fatly acid eiystals wliicJi were observed in the stools 
of three patients and all the dogs, indicates that the small intestine is injured. It 
is suggested that the fecal current, flowing into the stomach and upper small 
intestine through the fistula, injures the mucosa so that the intastine cannot per- 
form the normal processes of absoiTition and secretion. Exiierinicnts now ui 
progress are designed to study further the latter possibility. 


DISCUSSION 

Dr. E. L. DeGowix, Iowa City, lown. — In patients -willi gastrocolic fistula, -n-hen the 
fistula is repaired, the patient is improved and the condition seems reversible. I wonder H®! 
observations were made and wlietlicr any histologic evidence is present to show that w 
damage produced in the experiments is reversible. 


Question. — How long did the dogs survive following surgery? 

De. George E. Wakerlin, Chicago, 111.— Since the dogs used in this study showed a 
macrocytic hyperchromic anemia, the possibility that this typo of animal might serve as a 
means of assaying preparations containing the antipernicious anemia principle comes o 
mind. Have you studied the effect of the antipernicious anemia principle in these dogs? 

De. Kjskaddon (closing).— In regard to the first question, "Is the pathologic process 
reversible?” we feel that there is definite evidence, as presented in the slides of the 
specimens, that these are chronic ulcers. AVe do not have evidence, as yet to indicate wheth 
the dogs can be brought back to normal, because we have been primarily interc.sted m [ ' 
direction of barium flow and the changes which take place in the intestine. IVe are in- 
vestigating these dogs gastroscopically and are studying other dogs into which we have inWO' 
duced permanent cannulas. AVe thereby hope to be able to observe the formation and retro- 
gression of the ulcerative process. 

In answer to the second question concerning the length of life of' these dogs with m 
ternal fistulous communications, we must explain that it varies with the type of fistulous com 
neetion. Dogs with gastrocolic fistulas survive about four months. However, dogs wit 
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ga=trojejunocolic fistulas usually survive about two months. The dog with a dnodenocolic 
fistula died one month after the fistula was established. This brings up the point as to what 
the protective factor may be in dogs with gastrocolic fistulas in contrast to dogs with gastro- 
enteric fistulas. It is possible tliat in the dogs with gastrocolic fistulas the colonic micro- 
organisms are killed by the acid of the stomach, but we do not know that this is true. In con- 
trast, the acid component would not be present in dogs with gastroduodenal fistulas, and 
therefore there should be no means of inliibiting the destructive action of the bacterial flora 
on the upper intestinal mucosa. 

As you can see, our experiment is still in its initial phase, and we are unable to answer 
the last question concerning the availability of snch dogs in the bio-assay of the antipemicious 
anemia factor. 


SULFATHALIDINE— FURTHER STUDIES ON CLINICAL, CHEJHCAL, 
AND BAGTERIOLOGIC EVALUATION IN INFECTIOUS 
DISEASES OP THE COLON* 


JIiCH.tEL H. Stbeicher, ]\I.D., Catherine Grenci (By Invitation), .vnd 
Nanxy Claar (By Intitation), Chicago, III. 


E.xperimental evidence obtained shows that sulfatbalidine has bacterio- 
static properties, that it is nontoxie in man, and that it is superior to any sul- 
fonamide used in the colon. It is effective in doses of 1 6m. orally three times 
daily. This dose may he maintained for several months without producing 
deleterious effects. Prolonged administration and increased doses of this agent 
do not elevate the blood concentration above from 1 to 1.5 mg. per 100 c.c. of 
Hood. 


The chemical determinations of sulfatbalidine in the stool (total amounts) 
tend to show that, when oral intake is increased to 12 Gm. daily, the recovery of 
the drug in the stool is not increased correspondingly. 

Inasmuch as the blood and the urine concentration levels remain unchanged, 
t lis e.xperiment tends to show that large doses of sulfatbalidine are not utilized 
■n the colon. 


-Inother experiment designed to study the total recoveiy of the drug in 
le stool after the intake of the last dose shows that 90 per cent of sulfatbalidine 
accounted for on the seventh day. 

Bacterial counts demonstrated a decrease in total number and in the num- 
'''■ of the eolifom group, the staphylococci, and the streptococci. 

dv P«otients wlio are ill with chronic ulcerative colitis, bacillary 

L'suitery, qr Giar'dia lamllia may he treated with sulfatbalidine to advantage. 

» amebic dysentery the drug is used to curtail the activitv of secondare in- 
'auers. 


for diarrhea register definite improvement, the stools become more 

'''<>0^1 the number of evacuations are decreased, the blood in the 

0 ( the cramping in tlie abdomen is alleviated, the tenesmus in the 

— •''Uhsides, and in general the patient eats better and feels better. 

* V 

A. ^ irnde poi^Iblo through a prant 5pon‘:orf*rl by 
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DISCUSSION 

Dr. Ralph C. Brown, Chicago, HI. — I thinlc it would bo a mistake for the impression 
to become widespread in the profession that the sulfonamides are of great value in the treat- 
ment of nonspecific ulcerative colitis. There is no question about the ability of these drugs 
to lower the bacterial counts decisively. This was first proved very thoroughly in the case of 
sulfaguanidino, very careful bacterial counts having been made on a series of cases. For 
many years at the Presbyterian Hospital we have made an intensive study of a large series of 
patients wdth ulcerative colitis. With each successive sulfonamide ns it has appeared, we hare 
hoped that finally a therapeutic agent had been devised that would demonstratively affeet 
the course of the disease. However, in our experience we have not been able to convince 
ourselves that- any of the sulfa preparations actually do so. I think that anyone who has had 
very much experience with nonspecific ulcerative colitis is likely to feel that success in the 
treatment of these cases depends very largely upon the stage at which they are seen and 
effectively treated, and when I say effectively treated I do not moan that we have anything 
even approaching a specific typo of treatment. These patients must be treated in much the 
same manner as those with pulmonary tuberculosis in the sense that they require a high 
calorie diet and particularly a long period of bed rest, with large amounts of vitamins B and G. 
If they are seen early in the course of the disease, it will bo found that surprisingly good re- 
sults can bo obtained in most cases if the duration of treatment is determined not alone by 
the clinical condition of the patient, but chiefly by the presence or absence of inflammafory 
changes in the bowel wall as shown by the proctoscope and by- x-ray examination. 

Dr. Streicher (closing). — appreciate the comments of Doctor Brown. I am sure 
that sulfathalidino alone is not the answer to the problem. We have been working on this 
problem for many years and have had a good many experiences. In the extremely acute cases 
we have used blood transfusions, liver extract, and all other supportive measures. 

As far as judging the progress of the disease by clinical observation alone, we do not 
depend on that entirely; we re-proctoscope our patients. Some few years back we published 
a report in the Journal of Digestive Diseases on 200 patients proctoscoped yearly over an 
eight-year period. I quite agree with Doctor Brown that sulfonamides alone are not the 
entire answer, but sulfathalidino is the best we have of the sulfa group at this time. 


THE PRESIDENT’S ADDRESS by AVillis Fo^^^lER was presented at this 
point in the program. 


THE DETECTION OP DANGEROUS CARRIERS OF HEMOLA^TIC 
STREPTOCOCCI BY THE MEASUREMENT OF THEIR^ 
“STREPTOCOCCAL OUTPUT’’ 


Morton Hamburger, Jr., M.D.,* Cincinnati, Ohio 


Students of streptococcal infection have recognized, for several years, tha 
all throat carriers of beta hemolytic streptococci are not equally capable o 
transmitting infection to others. However, no means of differentiating “danger- 
ous’’ from “innocuous’’ carriers have been available. 

A solution to this problem was sought by measuring the number of heniolj tie 
streptococci expelled into the environment by soldiers hospitalized at the Station 
Hospital, Camp Carson, Colorado, with streptococcal tonsillitis, pharyTigibs, 
and scarlet fever. Contamination of the bed clothing was emploj^ed as an in e- 


were carried out by the Commission on Alr-Bome I'3r«<=‘*°,'’®’TmUed 
Staf^s”!^my'°''^' Board, Preventive Medicine Service, Office of the Surgeon General, 
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of the “streptococcal output” and "svas measured quantitatively by pinning a 
small cloth patch to the bottom sheet overnight. The patch was then removed 
and immersed and shaken in broth, an aliquot of which was used for making a 
blood agar pour plate. The number of colonies of hemoljdic streptococci which 
developed after incubation represented the “streptococcal output.” 

This test, performed many times in more than 400 patients, showed that the 
number of hemolj'tic streptococci expelled bore no relation to the number of these 
bacteria on the throat culture plate. However, patients with strongly positive 
nose cultures dispersed large numbers of tlie organisms, whereas those with 
negative nose cultures expelled very few. Hospital cross-infections, infections 
in barracks, and a food-borne epidemic of streptococcal pharyngitis and 
tonsillitis were traced to carriers with positive nose cultures who exhibited high 
. “streptococcal outputs. ’ ’ 

It is concluded that carriei-s of beta hemol 3 -tic streptococci whose nose 
cultures are positive represent a more dangerous group than those in whom the 
streptococci remain confined to the throat. 


DISCUSSION 


Hajob F. S. CoojtBS, Jk,, Channte Field, Eantonl, HI. — I think that the paper is very 
Ehmnlating. \Ye, too, have been interested in the same problem. I wonder if there is any 
difference in the length of the disease when patients are nose carriers rather than throat 
carriers. 


Dr. M. a. Blaxkenhorx, Cincinnati, Ohio . — I would like to ask whether Doctor 
Hamburger found carriers in other persons in the hospital. He has studied bed patient 
earners, but what about persons who worked about the ward and ministered to these pa- 
tieafs? 

I would like to ask if he has an opinion regarding the value of the gauze face mask in 
preventing dissemination. 


Da. Irvine H. Page, Cleveland, Ohio. — I would like to ask Doctor Hamburger whether 
0 knows anything about the use of DJ5.T. or aerosols of propylene glycol in preventing the 
.ptead of hemolytic streptococci. Is there anything known about which Lancefield grouping 
ine streptococci belong to? 


Dr. Harold Lueth, Evanston, HI. — ^Was any attempt made to study the susceptibility 
persons affected to see whether or not they were uniformlv susceptible or whether there was 
flay variation among the group? 

^ Dr, H.vjtDtiRGER (closing). — ^In reference to Major Coombs’s question as to whether 
j,* infection has a longer clinical course in a patient whose nose, as well as throat, 

wo'* °° specific data on this point. However, in general, hospitalized patients 

Ca ^ cultures tend to be sicker than those in whom the nose is not invaded. At 

lia™^ ^rsoa about 65 per cent of the men hospitalized with hemolytic streptococcal infection 
(V. P^^'b^o nose cultures, and some of them expelled great numbers of streptococci durinn 

early stage of their disease. t b v t, 

thev a ’'■Pplicability of the'c facts to ambulatory, as well as to hospitalized, carriers, 

H Actuall}-, most dangerous carriers are infected individuals. Captain 

■cav norr'*" ^ many soldiers this spring at Fort Lewis, IVash., who may or 

ca^al fever but who had mild streptococcic infections and were picked up as 

*‘0-iv surveys. They had made no complaint, but physical examination and anti- 

corn al showed them to be people who were infected but who were going about as any 
for a average dangerous nasal carrier disperses large numbers of streptococci 

cl.o coat'' lime. On the other hand, there are a few, probably not more than 1 per cent, 

mue to expel large numbers of streptococci for weeks or months. We have seen a few 
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such carriers. Apparently, when epidemics occur, nasal carriers incrcjise in number, and though 
most are dangerous for a short period only, there are more and more of them. 

To answer Doctor Blankenhorn, I think I have covered the point about bed patients. The 
most detailed studies were necessarily done on hospitalized patients, but we have also been 
able to follow the carrier state by studying carriers in barracks. Tlie carrier of streptococcus 
tj-pe 40 was picked up on a survey and was entirely asymptomatic. 

About masks, the problem of how these streptococci get around is a study all its own. 
For reasons I have not time to discuss, I do not believe that adequate masking is the answer 
to the problem. However, there are masks which vrill effectively prev’cnt the spread of micro- 
organisms expelled during talking, coughing, and, to some extent, during sneezing. 

As to propylene glycol, we have been interested in this compound which was originally 
developed by Dr. 0. 11. Kobertson, the Director of the Commission on Air-Borne Infections. 
For certain technical reasons, propylene glycol is not the answer. We have studied triethylene 
glycol in rcfercnco to its effect upon hemolytic streptococci in hospital wards, and we have 
found that it produces a substantial reduction in number of streptococci. To what e.xtent, 
reducing the number of organisms in the air will reduce the incidence of infection requires 
further study. 

The final question regarding the susceptibility to streptococcal infection of the pa- 
tients who developed cross-infections on the wards is an interesting one. The only real answer 
wo have is statistical. We were dealing with young soldiers all of the same age group, living 
under the same conditions, and receiving essentially the same training. It is true that under 
certain circumstances certain types of patients are more susceptible to streptococcal infection; 
measles convalescents, for e.xamplc. Some of our cross-infections did fake place on measles 
and German measles wards. 

ANTIPNEUJrOCOCCUS HYALURONIDASE ACTIVITY IN HIBIAN 
SERUM; RISE IN TITER FOLLOWING PNEUMOCOCCUS 
BACTEREMIA WITH PURULENT INFECTION OF 
PLEURA AND SYNOVIA 

Preliminary Report 

Robert T. Thompson, M.D. (By In\ttation), and 
JI. A. Blanivenhorn, M.D., Cincinnati, Ohio 

The identity of hyaluronidase and’ spreading factor, in tiiat all hyahironi 
dases possess the power of spreading, has been described. Since spreading fac- 
tors have been shomi to be important in infection, the in vitro effect of human 
serum in health and during pneumococcic infection upon the activity of three 
pneumococcus hyaluronidases was investigated. A modification of the muco- 
protein clot prevention test described by Me Clean in 1943 was used to study 
antipnenmococcus hyaluronidase activity of human serum. 

The seram of fifty healthy hiunan beings was compared with the serum 
of a patient, A. T., who was convalescing from type II pneumococcus en 
carditis. The antitype II pneumococcus hj’-aluronidase activity of the serum 
two healthy persons was equal that of A. T., four were one-half that of A. T., ten 
were one-fourth that of A. T., sixteen were one-eighth that of A. T., seveu were 
one-sixteenth that of A. T., nine were one-thirty-second that of A. T., and tv'O 
were one-sixty-fourth of A. T. 

Prom the Department of Medicine and the Department of Biochemistry, College of 
Cine, University of Cincinnati. 
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Serial sera of five patients ivitli pneumonia each shoved critical rises in 
titer of antienzjme activity against three types of pneumococeiis hyaluronidase 
vrMeh vere sj-nchronous and commensurate and not related to the tj-pe of 
pneuniococciis causing the pneumonia. Three enzj-mes (ri*pcs I, II and VII) 
vere tested for each patient, so there was a total of fifteen separate rises in, titer. 
Thirteen of these rises in titer vere eightfold or greater: tvo vere fourfold. 
Each of these patients had pneumococcus bacteremia, three vith empyema and 
one vrith arthritis. 

This rise of antipneumocoecus hyaluronidase titer could not he provoked 
by administration of therapeutic antipneumococeic serum in tvo patients. 
Negligible amounts of antitj-pe II pneumococcus hyaluronidase activity vrere 
found in therapeutic tjvpe II antipneumococeic serum. 

Bacillus wclcliii antitoxin vhich had high anti-5, tuelcliii hyaluronidase 
actirity was found to have negligible effect against tjiie I and ri-pe II pneumo- 
coccus hyaluronidase. 

It is concluded that human serum possesses antipneumocoecus hyaluroni- 
dase activity and that this activity is not type specific. Five patients shoved 
critical rises of antipneumocoecus hyaluronidase activity subsequent to pneumo- 
coccus bacteremia; three of these had purulent infection of pleura and one of 
sjmoria. Therapeutic type II antipneumococeic serum possesses negligible 
amounts of antipneumocoecus hyaluronidase activity. This finding probably 
applies to other types of therapeutic antipneumococeic serum since the anti- 
pneumoeoeeus hyaluronidase activity of human serum vas found not to be type 
specific. 


TEE EFFECT OP SUPEEniPOSED BACTERIAL PNEUIIONIA ON THE 
SEVERITY OP SUBLETHAL INFECTION WITH INFLUENZA VIRUS® 


Carl G, H.arford, M.D., hLvRv Ruth Smith, H.S. (By Invitation), and 
W. B.mRY Wood, Jk., il.D., St. Louis, Mo. 


It is thought that most of the deaths in the pandemic of influenza of 191S- 
1919 were due to bacterial pneumonia superimposed on a primaiy viral infec- 
tion of the hmg and that chemotherapy vill be effective in controlling the 
pneumonia if another pandemic occurs. However, Taylor has sho%vn that 
I'cinslillation of fluids into the respiratory passages of mice suft’ering from a 
sublethal infection vitli influenza virus converts the infection into one from 
''inch the animals die. Because of this ohseivation he has suggested that the 
lacterinl pneumonia may greatly merease the severity of the riral infection. 

such syicrgistic action oecui-s, it may be anticipated that treatment in human 
vpi emies will be difficult, .since tlie viral infection is not susceptible to any 
■Down clieinollierapeutic agent. 

^ ^ III this .study, infection with influenza virus vas produced in mice by intra- 
inoculation vith standardized dilutions of rirus. .Several days later, 
_ — ^^^iial Ic.sions had developed, the mice were allowed to inhale fine droplets 


in pirt by the CommSs’sion on Innu^nz-i. Board for the 
^•'^Ucinc ^nfliu nza nntl Other Epidemic Diseases in the Army. Preventive 

.tnico. omcc cvf \\\<t Surpetjn General. TTnUoti State*! Army. 
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of heavy suspensions of virulent t 3 ’pe I pneumococci or hemolj'tic streptococci. 
The bacterial exposure caused fatal pneumonia and bacteremia in about five 
days. Normal control animals inhaling the same bacteria survived without clinical 
disease, but their lungs were shown to have manj' organisms which disappeared 
within a few hours. One-half the animals with combined infection were given 
sulfonamide therapy beginning twent 3 ’'-four hours after inhalation of the 
bacteria, that is, after the superimposed bacterial pneumonia was well estab- 
lished. The treated animals survived and showed sublethal viral lesions when 
examined two weelis later. 

In these experiments, superimposed bacterial pneumonia did not convert a 
sublethal viral infection into a lethal one. Under the conditions studied, the 
bacterial infection did not have the same effect as the reinstillation of fluid 
described by Ta 3 ’lor. Furthermore, the bacterial pneumonia in the present of 
viral lesions was controlled by sulfonamide chemotherap 3 L These observations 
suggest that ehemotherap 3 ^ will be of value in treating secondaiy bacterial pneu- 
monia complicating epidemic and pandemic influenza. 

DISCUSSION 

Dr. H. Neciieles, Oiicago, 111. — tVe can confirm tlicse results b 3 ’ our c.vpcriencc on dogs 
witli distemper which we have treated for the last ten years with sulfonamide drugs. Distemper 
in dogs is a virus disease. In the beginning it is a pure virus, but, ns soon ns the nasal and 
conjunctival flow begin, ^vo hnve a mixed infection with pneumococci and cocci of all sorts. 
These dogs are benefited bj’ sulfonamide, glucose, and saline given subcutaneously, VTe have 
been quite successful with this treatment. Wo believe that, ns in the case of the human patient, 
it is the suppression of the secondary infection which saves the lives of these dogs. 


THE SIGNIFICANCE OP THE ACCESSORY SPLEEN 

George M, Curtis, M.D., and D.vvtd Movitz, 5I.D. (By Invitation) 

Columbus, Ohio 

When acccssoi-y spleens are present in patients mth congenital hemolv'tic 
icterus or primary thrombocytopenic purpura, the end I’csult of splenectomj 
is influenced b 3 r whether or not they arc found and removed at the ongina 
operation. This was sunnised in 1928 b 3 - Morrison, Lederer, and Fradkin fof 
primar 3 ’- thromhoc 3 ^topenic purpura. Subsequent findings of accessory spleens 
associated with recurrence further support their original suggestion. 

The reported frequency of accessory spleens at necropsy ranges from 10 1° 
35 per cent and at operations on patients with splenic disease, from 20 to 44 per 
cent. A greater frequency among the young has been noted. 

Of 178 consecutive patients in our series, operated for various splenic 
disease, fifty^-six, or 31.4 per cent, presented accessory spleens. The greates 
incidence was found in patients of the first decade wdth congfenital Iiemol}4ic 
icterus, 57.1 per cent. ’ Forty-four per cent were found in patients of the 
decade with primary thrombocytopenic purpura. The incidence decreased with 
age. The number of accessory- spleens per patient varied from one to ten, 
twenty-six patients presenting only one accessoiy. Single as well as mulfip'e 
accessories occurred predominantly- in the young. 
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The 131 accessories occurring in fifty-six patients ivere distributed in the 
following percentages: hUus, 54.2; pedicle, 25.1; omentum, 12.2; retroperi- 
toneum, 6.1; splenocolic ligament, 1.5; and bowel mesentery, 0.75. Accordingly, 
these re^ons are routinely searched subsequent to the actual splenectomy. In 
the female the left adnexa should be palpated. 

Numerous accessories, up to 400, found scattered throughout the peri- 
toneum, including parietal and ventral mesogastrial layers, apparently arise by 
autotransplantation of splenic tissue scattered about by hemorrhage from a rup- 
tured spleen. Buchbinder and Lipkoff (1939) designated this phenomenon as 
sphnosis, distinguishing it from the usual accessory spleens because of the 
mechanism of formation and the characteristic microscopic structure. As a 
consequence, splenectomy should be accomplished without spilling splenic tissue, 
as might occur by tearing the spleen near its adhesions or severing its pedicle 
too close to the hilus. 

Accessories occurred in but a single location in 85.7 per cent, and never in 
more than two locations. The hdus always constituted one location in each in- 
stance of double incidence. 

Tlie occurrence as well as the various locations of accessory spleens are 
clarified by study of the splenic embryologic mechanisms: failure of splenic 
anlageu to fuse, splenic notches and lohnles representing partial fusion, co-exist- 
Jng accessories supplied by the splenic artery, the dorsal mesogastrium subjacent 
to the splenic area developmentaUy carrying accessories to distant locations, 
and the attachment of splenic anlagen to the contiguous genital ridge resulting 
m scrotal or pelvic accessories. 

^0 presented cases of recurrence after splenectomy and two more from 
the literature indicate that unremoved accessory spleens caused the recurrences. 
Three cases were of recurrent thrombocytopenic purpura, with one accessory 
observed but not removed and two with pathologically active accessories found 
nt uccrops}*. One was a recurrent congenital hemolytic icterus relieved by 
surgical removal of accessory spleens. 

A pedunculated accessorj^ spleen may cause acute abdominal sjunpioms by 
mfaretidii resulting from torsion of its pedicle. Surgical removal is then 
mdieated. 

DISCUSSION 

, Armakd Quick, Milwaukee, Wis. — I should like to ask how often idiopathic thrombo- 
'Jtopenic purpura is seen in children. 

0\UD 0. JiIeyep., Madison, Wis. — I would like to ask whether or not these accessorr 
k's th other than in the matter of torsion which was mentioned, nn- 

Unall t’Tportrophyf It is our impression that these accessorv spleens are often rerv 

\ °'^orlookcd and arc not important until months or rears later when they 

n'C.trophy. They then have an undesirable function. 

r-rputn (closing).- The frequency of recognition of idiopathic thrombocytopenic 

T-euUv the practices of certain medical centers. We see it relatively fre- 

• OT iplcnecto^ primary thrombocytopenic purpuras are among the mo=t common indications 
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Regarding tlio small size of most acccssorj' spleens, it appears to bo true that recurrence 
due to an accessory spleen does not occur except after an interval of .time. That is the usual 
history in those few recurrences in which an accessor^' spleen was demonstrated. The cases 
reported have all demonstrated considerable pathologic changes in the accessory. As to the 
size of tho accessory spleen causing the recurrence, some were ns small as 2 or 3 cm., and 
ono weighed but 12 Gm. It would appear that tho minuteness of size of an accessory spleen 
does not eliminate it ns a cause of recurrence at a future time. 


OBSERVATIONS ON THE EFFECT OF JIASSIVE DOSES OF lEOX 
GIVEN INTRAVENOUSLY TO PATIENTS WITH 
HYPO CHROMIC iiNEMIA 

Anne Tompkins Goktscii, JI.D. (By Invitation), Carl V. Moore, M.D., and 
Virginia IMinnicii, 5I.S. (By Inutation), St. Louis, JIo. 

Massive doses of iron (from 0.60S to 1.32 Gm. iron as colloidal ferric 
hydroxide or colloidal fei-ric oxide) liave been given intravenously in one in- 
fusion to eight different patients tvith hj^pochromic microcytic anemia. One 
patient ivas given a second injection after an interval of four mouths, so that the 
administration ivas made nine times. 

The following observations were made : 

1. Reticuloc 3 'te responses in caeh instance exceeded those e.xpected with oral 
therapjL Thi'ce additional patients who received smaller doses showed rcticnlo- 
cj’te rises higher than the average responses reported bj' Heath after optimal 
oral administration. This suggests that “optimal” oral therapy does not 
provide a maximal stimulus to the outpouring of reticulocytes from the bone 
marrow. Three control subjects failed to develop a reticulocytosis when given 
comparable amounts of iron intravenoushL 

2. The average rate of hemoglobin regeneration per 100 c.c. of blood poi' 
day was 0.224 Gm. ; the lowest, 0.16 Gm. ; and the highest, 0.27 Gm. These 
figures indicate the rise which occurred from the day of iron administration to 
the time at which the rate of hemoglobin increase was obviously becoming 
slower. Since correction -was not made for blood lost by three of the patients 
duiang the recovery period, figures for the rate of hemoglobin fomation are 
lower than they othenvise would have been. They are distinctly greater than 
those usually observed following oral therapy but no greater than is found in an 
occasional patient. The data suggest that the fastest rate of hemoglobin 
regeneration which can be stimulated bj-^ iron in patients ivith hypocbioniic 
anemia approximates 0.3 Gm. per 100 c.c. per day. 

3. Calculations indicated that from 71.8 to 99.7 per cent of the injected won 
was used for the synthesis of hemoglobin. These figures are lower than thej 
would have been if several of the patients had not lost blood during the rem’ory 
period. The observation of other Avorkers that parenterally administered iron is 
almost completely retained by the body and converted into hemoglobin was con- 
firmed. 
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4. Toxic reactions to the injected iron were mild or absent in two patients. 
In most instances the patients developed nasal stufimess, paresthesias, palpita- 
tion, nausea, transient fall in blood pressure, and, later, manifestations of fever 
and weakness. In three instances these symptoms progressed to an alarming 
degree, and therapy was internipjed. In all patients the toxic symptoms sub- 
sided within a few hours. The toxic manifestations to massive intravenous 
iron administration are great enough to contraindicate its therapeutic use. 


DISCUSSION 


Dr. Iewnt: Page, Cleveland, OMo. — What would he the effect if you used an organic 
iron preparation, ferric gluconate, and not a colloid? Would part of the effect he due to 
the introduction of the colloid particles as well as to the iron in solution? 

Questiox. — ^What is the pH of the injected fluid? 

Question. — X should like to ask whether there were variations in the rate of admin- 
istration and what the rate was. 


Question. — I would like to ask if you have seen patients who were so intolerant of oral 
administration that they would consider the parenteral use of iron in smaller doses. 


Dr. H. Necheles, Chicago, HI. — ^Have you information about a French parenteral iron 
preparation? It was a water-clear solution and, as I remember, the dose was quite small. 
Colloidal iron is quite a strong protein precipitant. Is the reticulo-endothelial system affected? 


Dr. Goetsch (closing). — "Clear iron,” or metallic iron, in simple solution has been 
used in small doses for parenteral injection, usually by the intramuscular route, although it 
has also been given intravenously. Toxio effects observed following only from 5 to 10 mg._,. 
doses intramuscularly were similar to those we have observed using colloidal iron; this is one 
basis for our impression that these toxic effects are so-called ‘‘heavy metal effect” rather 
than a result of the colloidal suspension per se. When simple iron solutions are given to dogs 
m do'Cs of 1 mg. or more per kilogram of body weight, twelve hours or more are required 
for serum iron values to return to normal, whereas the return to normal is prompt after 
colloidal iron has been given. This more rapid disappearance of colloidal iron from the blood 
way explain the fact that massive doses could be given to our patients in a single intra- 
venous injection. 

.■Animal experimentation has shown that the reticulo-endothelial system is the site of 
storage of injected iron. We did no studies to demonstrate blocking of the reticulo-endothelial 
i'lstem in our patients. There were no demonstrable emboli. One patient complained of 
'cvero chest pain during the administration of iron, but no signs of pulmonary embolism 
appeared. 


The solutions contained approximately 3.5 mg. per cubic centimeter; their pH varied 
lom ...j to 3.S; the rate of administration was from 10 to 25 drops per minute; and from 
* irce to five hours were required for administration of total dose. 

^ heticulocyte responses have been reported after very small doses of iron, 10 mg. in 
'crnl instances. Wo found this to be true in our three patients who had toxic reactions 
^c-.c—itating discontinuation of tlie injection. In these cases it was possible to obtain a 
ToT"'] '’‘^^‘‘^“'ocyte peak with subsequent oral therapy. Significant rise in hemoglobin was 
he ciftcr small doses, since any apparent rise was within the usual fluctuations in 

Ic'cls. Maximum rcticulocytosis was observed only following the larger doses of 


a-c I'^vic eflects of small doses of colloidal iron, either intramuscularly or intravenously, 
CTc.at enough to contraindicate its use but are unpleasant enough to suggest that its 
it T(a= fer the rare patient who cannot tolerate oral iron therapy. Furthermore, 

r 1 T experience that small intravenous injections caused thrombosis of the vein as 
f'^'hly as did larger do^^cs. 
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THE ACTION OP VARIOUS DRUGS ON THE PROTHROJIBIN- 

OP THE BLOOD 

Arjiand J. Quick, M,D., SIilwauicee, Wis. 


In order to test wliether large doses of synthetic vitamin K will increase the 
prothrombin of the blood, menadione and two water-soluble derivatives, 
Hyldnone* and Sjuilcayvitef were administered to rabbits, dogs, and human 
beings, both orall}^ and intravenously. No change in the prothrombin was ob- 
served after giving one large single dose. 


In a subject who has' a consistent prothrombin a little less than 50 per 
cent of normal (from fifteen and one-half to si.xteen seconds) but is otherwise 
entirelj' normal and never lias had abnoi-mal bleeding, 40 mg. of hykinone in- 
travenously had no effect on the prothrombin level. The mother and a sister 
likewise have a pi’othrombin of 45 per cent. This indicates that the condition 
of a fixed lowered level of prothrombin can be hereditaiy and congenital. The 
prothrombin concentration of the blood, whether normal, congenitally low, or 
reduced bj’- permanent liver damage, is fixed and apparently cannot be altered 
even by large doses of sjuthetic vitamin K. 

Link and his associates have reported that caffeine, thcobx’omine, and theo- 
phylline bring about a hypei-prothrombinemia and also counteract the hrper- 
prothrombincmic -action of dicumarol. In the present study it was found that 
single doses of 200 mg. of the three methylxanthincs neither elevated the pro- 
thrombin nor inliibited the action of dicumarol in rabbits and dogs. 


Recently, Pirk and Engelberg published results showing that daily doses of 
0.33 Gm. of quinine sufate given to normal individuals caused a drop in the 
prothrombin time of from five to twelve seconds. These authors used Eussell 
viper venom as the thromboplastie reagent for determining prothrombin. In the 
present ivork in whicli my method for prothrombin was used, no reduction m 
prothfombin of the blood was found after administering 0.33 Gm. of quinine 
sulfate daily for eight days. 


The discrepancies in results are probably due mainly to differences in the 
procedures employed for determining prothrombin. It is questionable ivhether 
true hyperprothrombinemia is ever found or can be induced. All present en- 
dence so far advanced for it is based on the prothrombin time of highly diluted 
plasma, which is necessarily artificial and empirical since the physicochemical 
equilibrium is profoundly disturbed. 


DISCUSSION 

Dr. Peederick Det, Chicago, Dl.— We were quite concerned about the recent report that 
methylated xanthines are capable of increasing the coagulability of the blood in the espen- 
mental animal. We use these drugs quite extensively in the treatment of cardiac diseases, 
and wliile we have had no reason for feeling that they promoted thrombosis in oar patien s, 
we thought it only wholesome to study the effect of these drugs upon the clotting mechanisni 
of the human being. 


•Abbott Laboratories, North Chicagro, III, 
tHof£mann-La Roche, Inc., Nutlejr. N. J. 
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A group of normal patients -wlio had never before received methylated santhines vrere 
admittea to the hospital. During the initial iveek of the study, daily clotting times, heparin 
■curves, and prothrombin times, using both whole and diluted plasma, were run on the patients. 
•After the normal was established, methylated xanthines were administered by various routes 
for a period of one week. Again, daily studies of the clotting times, heparin curves, and 
prothrombin times were made. We found no variations from the normal after the admin- 
istration of these drugs. 

Similar studies of clotting activity were made on a group of fifteen patients who had 
been taking methylated xanthines for a period of six weeks up to twelve years. Again, there 
was no variation from the normal. 

Finally, we repeated the work on dogs, similar to the study of Doctor Quick's, and 
found no change in clotting activity. 

De. George E. Wakekeix, Clucago, Dl. — ^In a study made for another purpose, our re- 
search group administered vitamin K in a daily oral dose of 60 mg. for six months to six 
dogs with renal hypertension. Limited studies of the prothrombin levels of these animals 
showed no significant change from the normal. 

De. E. V. -AiLEX, Eochester, Minn. — This question is outside the proposition, but I would 
like to ask Dr. Quick what was the effect of the drugs in producing hypoprothrombinemia? 

Majos Frederick S. Coojibs, Je., Chanute Field, Eantoul, El.— I should like to answer 
Doctor Allen’s question, if I may. We have given large intravenous and oral doses of 
salicylate and have followed the prothrombin time in a number of patients with rheumatic 
fever. We have found that there is a slight, but definite, increase in the prothrombin time 
which is proportional to the plasma salicylate level. However, the prothrombin time increased 
from a normal of 13 seconds to as high as 20.5 seconds when the plasma salicylate level ap- 
proaches TO mg. per cent. In a second group of well persons the administration of 6 6m. of 
salicylate per day for more than a week did not affect the prothrombin time, either when 
measured on whole or 12^ per cent plasma. 

De. Ovin 0. Meyer, Madison, Wis. — We have had a running controversy for two or 
three years on this matter of the use of dilute or whole plasma in the determination of the 
prothrombin time. Professor Link uses dilute plasma because he argues that he can detect 
minor, but significant, changes. In the clinic we felt that if we could not detect change with 
whole plasma, the changes were not clinically significant. We want as great simplification as 
possible. In this matter of the use of xantliines in the animal, Link has .=tated that you get 
i.vpcrprothrombinemia and, by inference, that clotting may be favored and thus an undesirable 
cfiKt on the coronary circulation result, rather than a beneficial effect. I think that 
"I I careful analysis one would be of the opinion that hyperprothrombinemia, whether it exists 
or not as a result of xanthine administration, is not of such order that one might fear it in the 
n ual clinical practice, .Another problem is that of hemorrhage possibly resulting from the 
n ministration of salicylates. I make a particular point of this because again we have some 
i-agTecracnt. Clinical reports to date arguing for the important role of salicylates in the 
saV ^'^'Eorrhage arc not too impressive. Hypoprothrombinemia produced by 

■n 1 C} ate administration to man is ordinarily mild and in itself does not seem to be of a 
cgree to result in hemorrhage. 

pro*l ^ question for Doctor Quick and that is on the matter of congenital hyper- 

aormaVr ^ wonder whether or not this may be a matter of thromboplastin ab- 

thromlw^l is a pretty vague substance and, unless yon use several types of 

the th ^ ™ight it not be possible that the blood of this patient would have "an effect on 

o-tiu in !=uch a way that we would have an abnormal result irrespective of the 

r'CAiTombin level f 

t'' ai" question. I noted that in this student weighing ISS pounds you used 

u<.h rri ^ wonder if when you have heaw individuals vou might not have to 

or 80 mg. for the desired rc.<=ults? 
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Dn. 1/. N. Katz, Cliicago, III. — I would liavo wisJicd timt Doctor Quick liad found that 
the xanthines had accelerated the prothrombin time. Implicit in the discussion is the im- 
plication that these drugs are valuable in the treatment of coronary disease. I simply ^vish 
to state that the burden of proof is still upon those who maintain this is so as far as ora! 
xanthines are concerned. 

Dk. Quick (closing). — ^In the studies which I have made on the administration of large 
doses of vitamin K orally in animals, I have noted no particular change in the clotting time 
or in the concentration of prothrombin. IVhen one gets abnormal results such as clotting 
before the blood can be decalcified, it is difficult to ofTcr any satisfactory' c.vplanation. 

I think that Major Coombs has pretty well answered the question concerning salicylates, 
and the remarks of Doctor hlcycr have also answered it. Recently it has been claimed that 
quinine causes hypoprothrombinemia. I have repeated those e.xperiments and have been 
unable to find any decrease in prothrombin after quinine. AVe arc probably going to discover 
in addition to dicumarol and the salicylates other drugs that will reduce prothrombin. The 
sulfonamides which suppress the bacterial flora of the intestines can in certain indiriduals 
reduce the available vitamin K sufficiently' to cause a serious hypoprothrombinemia. 

Tho inquiry concerning thromboplastin brings up the question as to what the ideal 
reagent for activating prothrombin is. I have found dehydrated rabbit brain consistently 
satisfactory, and I have reason to believe that it is as close to tho natural activator as any 
other known natural material. 

I think that tho case of hypoprothrombinemia which I have presented is a true con- 
genital one and that tho defect has gone through a number of generations. I think that if ve 
would examine largo groups of people we would find an occasional case of primary hypo- 
prothrombincmia. I am not qualified to discuss the use of xanthines in heart disease. 

THE EFFECT OF THIOURACIL ON LEUCEMIA AVITH A CLINICO- 
PATHOLOGIO REPORT OP A CASE OF CHRONIC MYELOID 
LEUCEMIA THAT DEVELOPED AN EXTREJIE 
NEUTROPENIC LEUCOPENIA 

Louis R. Limarzi, M.D., Conrad L. Pirani, M.D. (By In\tt.viton)> 
Richard J. Kulasavage, M.D. (By Invitation), Chicago, III. 

One of the toxic reactions of tlierapentic doses of Tliiouraeil in t)ie treat- 
ment of hyperthyroidism is the production of a granulopenia. Both a nonfatal 
and fatal type of agranulocytosis following administration of thiouracil have 
been reported. The selective aetiou of thiouracil on the granulopoietic tissue 
is the basis for the therapeutic evaluation of the drug in leueemia. Four eases 
of chronic myeloid leueemia and one case of chronic lympliatic Icucenha were 
treated with the drug. 

The total amount of thiouracil given varied from 1.6 Gm., administered 
in divided doses over a period of eight day's, to 274 Gm., given in divided doses 
over a period of three months. The average daily dose ranged from 0.2 to 3.0 
Gm. In three cases of myeloid leueemia and in the case of ly'mphatic leucenua, 
the drug was without effect on the leueemie process in either the blood or bone 
marrow, basal metabolic rate, or blood chemistry. There was no clinical im- 
provement. In one of the eases of my'eloid leueemia, ivith specific cutaneous 
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lesions that terminated with an acute blood pattern (“hiatus leukemicus”), the 
hemopoietic, as well as the other, organs showed a general infiltration of tissue 
hr myelogenous cells of all tj-pes. There was no morphologic thjwoid hyper- 
plasia. In another case of myeloid leucemia, in wliigh a remission was established 
Avith roentgen treatment and liquor potassii arsenitis (Fowler’s solution), 0.8 
Gm. of thiouracil daily for a period of three months failed to maintain this re- 
mission or prevent a relapse of the leueemic process. 

A fourth case of leucemia in a Negro woman, 50 years of age, with a leuco- 
cyte count of 440,000 and a chronic mj-eloid blood pattern, was maintained on a 
daily dosage of 3.0 Gm. No other therapy for the leucemia was given. In three 
months the leucocyte count gradually dropped to 60,000, and the drug was dis- 
continued. The blood pattern was still that of a chronic myeloid leucemia. 
There was no improvement in the clinical condition nor a decrease in the size of 
the enlarged spleen. The basal metabolic rate was still elevated, and there were 
no blood chemical changes. In the five weeks that followed, the total white count 
gradually dropped to 1,900, with a differential count consisting of 18 per cent 


myeloblasts, 33 per cent basophiles, and 49 per cent lymphocjdes. There was a 
complete absence of neutrophiles and eosinophiles in the blood. The blood nric 
acid gradually increased to 11.4 mg. per 100 c.c. of blood. The patient developed 
toxic disturbances of the central nervous sj'stem consisting of convulsive seizures, 
myoclonic contractions of various muscles, particularly of the facial muscles, 
and frequent and severe stages of somnolence and confusion. At autopsy the 
hone marrow sliowed numerous myeloblasts and IjTnphoej-tes and a complete 
aplasia of mature and immature tjT)es of neutrophiles and eosinophiles. All 
the organs, including tlie hemopoietic tissue, showed a minimal amount of 
leueemic infiltration consisting of myeloblasts and a conspicuous hunphocytic 


reaction. The hemopoietic organs revealed a marked increase in reticulo- 
endothelial elements. No histologic evidence of a thyroid hyperplasia was 
observed in biopsj* material taken during the administration of thiouracil or at 
autopsy. E.xcept for a few myeloblasts and Ijunphocytes in the blood vessels, 
the brain tis.sue was free of any leueemic infiltrations. It is concluded that (1) 
mge daily doses (3.0 Gm.) of thiouracil for a period of three months will 
produce an extreme neutropenic leucopenia ivith a minimal leueemic infiltration 
'n the organs and a complete aplasia of neutrophilic elements of the bone 
mnrron ; (2) tliiouracil produces toxic disturbances of the central neiwous 
s.'Mem; (3) in cases of myeloid and h-mphatic leucemia small doses (0.8 Gm. or 
l«iV ^ thiouracil for short or long periods of time is without effect on the 
. state; (4) in cases of chronic myeloid leucemia ivith a high percentane 
cfi' the peripheral blood, the basophiles are resistant to the toxic 

thiouracil and in this respect simulate the blood pattern observed in 
i^^mssions induced by roentgen therapy; (5) there is no clinical improvement 
cases of leucemia; (6) thiouracil in sufficient doses regularly 
•' 'v'' t^’''’'^fiffi'>oicsis and destroys erranuloevtes, an effect which is independent 
mdividiinl susceptibility. 
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REACTIONS PROSI UNIVERSAL DONOR BLOOD 

Robert C. Hardin, M.D., Iowa City, Iowa 
(Introduced by "Willis M. Fowler, j\I.D.) 

It is the established practice in transfusion to use donor blood of the same 
A-B type as that of the recipient. Unquestionably, this procedure is theoretically 
more correct than the administration of universal donor blood irithout regard 
for the patient’s blood group. It is piTibably' also true that the danger incident 
to the use of universal blood has been exaggerated. 

Recent experience in the Avmy Sledical Sendee affords the opportunity 
to make certain comparisons between the reaction rates encountered in trans- 
fusion of group-specific blood and univei-sal donor blood. Two series of trans- 
fusions can be compared; the firet is composed of 7,299 transfusions'^f group- 
specific blood and, the second, of 9,392 transfusions of universal donor blood. 
In the fix's!, a reaction rate of 4.22 per cent xvas encoxuitered and, in the second, 
a x'atc of 4.80 per cent. The universal donor blood was not screened for high 
agglutinin content. 

Because the mechanism by wliich reactions peculiar to univei'sal donor blood 
arise is the introduction of an agglutinin into a recipient possessing the cor- 
responding agglutinogen, one is particularly interested in the frequency of 
hemolytic reactions. The rates in the two series were equal, being 0.20 per cent 
and 0.18 per cent, respectively. 

Mild hemolytic reactions might easily be classified clinically as pjTOgenic. 
Therefore, the difference of 0.50 per cent in pyrogenic reactions between the two 
series (3.18 per cent and 3.68 per cent) mei’its closer scrutiny. The rate of pyro- 
genic reactions was computed for each of the twenty-three weeks during which 
the study was made. In the first two weeks the use of universal donor blood 
was characterized by a high reaction rate (9.09 per cent and 7.72 per cent). 
Subsequently, this class of reactions was equally frequent in both series. The 
sharp decrease in pyrogenic reactions is evidence that some other mechanism 
than intravascular hemolysis operated, since reactions on tliat basis would tend 
to maintain their frequency. The fall in reaction rate followed the correction 
of eiTors in the technique in preparation of diluent fluids. 

Conclusion . — ^No essential diffei'cnce in I’eaction I'ates in two series of trans- 
fusions, one of group-specific blood and tlie other of univei-sal donor blood, was 
encoxmtex'ed. 

DISCUSSION 

Dr. C. C. Sturgis, Ann Arbor, Mich.— I would like to ask if there were any fatal re- 
actions in these two groups which could be ascribed to the blood transfusion? 

Question. How do you differentiate between pyrogenic and allergic reactions, an3 
what is the time of the reactiou following transfusion? 

Dr. Egbert W. Heinle, Cleveland, Ohio.— I eertainly agree that universal donor blood 
can cause trouble at times, but certainly such reactions are uncommon. When it is difficult to 
get Bh-negative blood, we use a universal donor. When wo do use universal donor blood, wo 
set up a minor cross match with the donor’s serum diluted 1:100. If no agglutination resa s 
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with 1:100 dilution, Tve feel that it is safe to go ahead with tvpe 0 blood because the titer 
is not sufficient to cause trouble. If the titer is sufficient to show up in a 1:100 dilution, it is 
evident that we are dealing with an unusuallj* high titer and that the blood should not be 
used. 

Dr. Hakdik (closing). — ^The death rate following transfusions, but not necessarily due 
to the transfusion, was .06 per cent. The problem of the differential diagnosis of transfusion 
reactions is one which always causes considerable trouble. Allergic reactions are usually classi- 
fied as those characterized by urticaria or asthma. Pyrogenic reactions are differentiated from 
hemol}-tic reactions by drawing from the patient from 3 to 5 c.c. of blood, centrifuging, and in- 
specting for free hemoglobin in the plasma. That type of test will not rule out all lands of 
bemolj-tic reactions, particularly the Eh reaction in which the hemolysis may be delayed. 
The usefulness of the time factor in transfusion reactions is also open to question because some- 
times the phenomena of the hemolytic reaction may appear late. However, in the true A-B in- 
compatibility, the symptoms usually appear before the first 50 to 75 c.c. of blood have been 
administered. 


effect of eesuspended brytHeocyte transfusion 
ON SERroi protein 


S.AM.TJEL G. Taylor, hi, M.D., and Francis Lytle, ]M.D. (By Invitation) 

Chicago, III. 


The presence of hj-poproteinemia is commonly considered a contraindication 
for resuspended red ceU transfusion as a substitute for Tvhole blood. 

Total protein determinations Tvere made on patients immediately before and 
twenty-four hours after resuspended red cell’ transfusions. In patients "who 
showed a marked anemia and hypoproteinemia, a definite rise in serum protein 
Orel generallj’- occurred in twenty-four hours. In patients with hj*popro- 
tememia, hut no anemia, no significant change in serum proteins could he demon- 
strated despite repeated resuspended red cell transfusions sufficient to produce 
a polycj-themia state. Jlost patients with anemia and serum protein levels with- 
ib a normal range showed a very slight rise or no change in serum protein level, 
w ule a few patients showed a slight drop. 

Logs made hj-poproteinemic by plasmapheresis showed no appreciable rise 
'n serum proteins following large repeated red cell transfusions during the 
period of e.vperiment. 


ervtl ^ from these studies that the incomplete protein contained in 

CO* (mainly hemoglobin) is not available in appreciable amounts for 

b'ersion into plasma proteins during tbe period of our observations. 

Iiv bise in plasma protein demonstrated in patients with anemia and 

^by be explained on the basis of improvement in the metabolism 
rdi correcting the anemia and the protein sparing action caused by 

Rig the demand for hemoglobin production. 


DISCUSSION 

Fozoll, Chicago, HI. — We were interested in treating patients with hypo- 
arl 'Wit lout anemia, by the use of red cell suspensions washed twice with dcitrose 

I’f'Win dextrose. -Although we did see an improveinent in the total scrum 

I 1 not occur until we gave more than two liters of red cells. 
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Wg further chocked the elTcct of red cell suspension on the albumin-globulin ratio 
and found that wherever there was a rise in the total serum protein, it occurred in the 
globulin fraction. Appreciating the greater importance of an improvement in the albumin 
fraction than the globulin, we have been skeptical of the efficacy of this method of treating 
protein deficiencies. 

Dr. Warren B. Cooksey, Detroit, Mich. — With the decline of enthusiasm concerning 
the use of suspended red cells, it is not, therefore, such an important subject. 1 would not 
agree to that thought, however, because it seems to me that the increasing use of blood is 
going to make it necessary for us to conserve blood supply, and that view may well hurt the 
increasing use of plasma fractions. Certainly’ there are programs in the air at this time 
in which the application of albumin-globulin ratios, etc., is a part of postwar planning for 
blood supply. We, in Michigan, particularly arc interested in what the future blood supplying 
agencies will have. Wo are thinking very much in terms of salvaging cells. In Detroit some 
of us connected with the Bed Cross had an unusual opportunity' with Parke, Da\is & Company 
of this same city to salvage a good many red cells, and we supplied 20,000 pounds of these 
.suspended cells to ditTcrent hospitahs. AVe had no opportunity to make detailed studies. On 
the other hand, wo did some protein studies and found that in some cases supplied quickly 
with red blood colls there was a rise. Our hospitals which received these cells varied a great 
deal. Some were hospitals caring for patients with chronic tuberculosis, some caring for 
patients with other chronic diseases, as at Eloise, which has a great many patients trith cancer. 
The opinion was that these cells certainly wore a most useful adjunct to treatment. The 
statement was made that the patients had an inerensed sense of well-being and that they 
really improved. People who were tired and not able to get out of bed were improved and 
able to get out of bed quickly with massive transfusions. Whatever the answer is in regard 
to what happens to the protein portion of the blood, we still feel that transfusions can serve 
a most useful purpose. It was our very good opportunity to supply it in large quantities, and 
we had very enthusiastic support. 


THE SYNDROilE OF HYPERVENTILATION 

George L. Engel, M.D., Eugene B. Ferrls, jr.D., Charles D. Sxe\-ens, Ph-D- 
(By Invit.vtion), JIyrtle Logan, JI.D. (By Inwtation), and Joseph 
P. Webb, M.D. (By Inabt.vtion), Cincinn.vti, Ohio 

Involunlaiy liypervenlilation is a not uncommon manifestation. It 
occur as a lij'sterical symptom, as a physiologic concomitant of the emotions of 
feai- or anger, or as the result of diffuse or focal encephalopathy. The symptoms 
commonly experienced during hyperventilation include numbness and tingling , 
of the extremities and face, buzzing in the Jiead, decreased consciousiiess, ' 

tetany. Rarely' actual syncope occurs. 

The mechanism of some of the sy'mptoms has been elucidated in noiimJ 
subjects by study of the E.E.G.^; arterial and internal jugular venous Wood 
gases, sugar, and pH.; and pulse and blood pressui'e during voluntary' 
ventilation. It was found that different individuals differed in the ease ivitl> i; 

which different symptoms developed, even though the largest part of the change . 

ill arterial COo content and pH was attained within a minute, was companThl® 
in all subjects; and changed but slightly thereafter. Reduction in the level of 
eonseiousness occurred readily in some individuals and infrequently in other m- ^ 
dividuaR, but m each individual the disturbance in consciousness was greatest 
(1) ivi th lower blood sugar, (2) with low oxygen tension of the inspired air, ^ 
•Electroencephalograph. ^ 
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and (3) in the upright position; conversely high blood sugar, high oxygen ten- 
sion, and the recumbent position protected .consciousness. In all instances, the 
reduction in consciousness correlated ■with the degree of slowing of the E.E.G. ; 
with marked- slo'wing, unconsciousness occurred; with slight slowing, there was 
no demonstrable reduction in the level of awareness. When consciousness became 
markedly reduced, the subject automatically stopped overbreathing and did not 
start again until E.E.G. slow waves had disappeared. 

Study of the Oo, CO-, glucose content, of pH of the internal jugular blood, 
and of arteriovenous differences failed to reveal any correlation -with E.E.G. 
slowing or changes in consciousness. This is contrary to the findings of Gibbs, 
Gibhs, Lennox and Nims.* It was discovered that blood taken simultaneously 
from both internal jugular veins followed two entirelj* different patterns in 
more than one-half of the eases. When the changes in both jugular veins were 
the same, either pattern could be found. Pattern I included: (1) marked drop 
in 0; content, (2) slight drop in CO, content, (3) slight rise in pH, and (4) 
marked drop in sugar content. Pattern II included (1) slight fall in 0, content, 
(2) marked fall in CO, content, (3) moderate rise in pH, and (4) slight fall in 
sugar content. These differences are thought to result from individual an- 
atomical variations in the venous contributions to the left and right internal 
jugular veins, respectively, and account for the failure to correlate the electrical 
actiritj- of the cortex -with the chemical changes. Different portions of the intra- 
cranial contents apparently behave differently in regard to venous drainage, 
blood flow, and metabolism, and it is difficult to evaluate the contribution of the 
cerebral cortex to internal jugular venous blood in any instance. 

Tetany and the subjective symptoms of numbness and tingling were found 
to occur after longer periods of hj-perventilation and, hence, were more common 
and severe imder circumstances where consciousness was retained. In general, 
if slow E.E.G. waves did not appear ■within three minutes of ■\ugorous hyper- 
ventilation, they were unlikely to appear, while tetanic phenomena became more 
prominent. In prolonged mild hyperventilation, tetany was common, whereas 
disturlianccs in consciousness were unusual. In such instances, hj-pen-entila- 
tion was usually involimtarily terminated by muscular fatigue and by tetany of 
the respiratory muscles. 

Actual sjmcope, with unconsciousness and falling, occurred only in verj* 
mixious persons in whom the unplea.sant sjuiptoms led to tj-pical vasodepressor 
syncope, in hysterical patients ■«'ho also had hysterical sj-ncope, and in rare 
111 i\iduals with poor postural adaptation. In nomial indmduals blood pres- 
Miie and pulse showed only slight change in the recumbent position and but 
luoc elate narroiving of the pulse pressure and tachycardia in the erect posture. 

Ljncope due to peripheral circulator^' collapse is not a normal component of 
tile hypen-entilation syndrome. 


DISCUSSION 

toy, Ann II. Ryxn.\r.sox, Roclicftcr, Minn. — I was much intcre.^tcd in your commeatf- 
^ . I I'l^tntilation. 1 think many physician.® have had patients who.se condition was at first 

Arch. X’curol. r.sychiat. 47: STS. 1S4I. 
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considered to be hyperinsulinism but later discovered to be hyperventilation. In one such 
case that I recall, the level of blood sugar was 40 mg. per 100 c.c. I would like to ask what 
the lowest blood sugar is that you have encountered. 

Two statements can bo made about this matter: first, that hyperventilation often can 
bo incorrectly diagnosed as hyperinsulinism; second, that I can remember no instance in which 
true hj-perinsulinism was diagnosed as hyperventilation. 

Dr. C. C. Sturgis, .’Vnu Arbor, Mich. — observed a patient with hyperinsulinism who 
developed hyperventilation under excitement, with the classical changes of' tetany in the 
hands. 

, Dr. George E. IVakerlin, Chicago, Dl. — I should like to hear Doctor Engel discuss 
the relation of blood pressure changes in his subjects to the hyperventilation syndrome. 
Previous studies have indicated that hyperventilation produces a hj'pocapnia with a resulting 
decrease in the tonus of the vasomotor center consequent upon a central action and reflex 
effect of the hypocapnia upon the vasomotor center. The resultant lowering of arterial 
blood pressure has been previously considered as playing an important role in the production 
of altered cerebral cortical activity in hj-pcrvcntilation. 

Dr. Ford K. Hick, Cliicago, 111. — Can normal subjects continue hj’perventilating for 
very long? I xvondcr wliat would bo the effect of a number of cumulative and severe episodes 
. of hj’perventilation. 

Dr. Engel (closing). — In answer to the question about blood sugar, the blood sugar 
levels were determined in internal jugular venous blood, Wien blood from the arm vein is 
used, one finds very little change in the blood sugar level. The blood sugar level in the 
arterial blood may rise, or fall slightly, so actually total hj-poglyccmia is not an important 
phenomenon, although it would seem that sugar may bo used more rapidly by the brain. 

In regard to hyperventilation during hypoglycemia, I think that would occur occa- 
sionally because a patient experiencing mild disturbances in consciousness, such as one sees 
in hypoglycemia, becomes anxious, and anxious people are likely to hj-pervcntilate. 

In regard to changes in blood pressure in the different postures, wo studied blood pressure 
in all patients, and there was no correlation between cliangos in blood pressure and disturb- 
ances in the level of consciousness. In the recumbent position the blood pressure is lika'l 
to change very little, and disturbances in consciousness may be marked in the recumbent posi- 
tion. In the erect position, there may be some fall of blood pressure and some narrowing of 
pulse pressure but not to a marked degree. Some patients when first experiencing these dis- 
tressing sjTnptoms may become frightened and develop vasodepressor syncope. In 
instances, one sees a period for a minute or two after hj-perventilation has stopped during 
which blood pressure is maintained and then the development of tj-pieal vasodepressor 
syncope with falling blood pressure and loss of consciousness if the patient is erect. During 
the marked disturbance in consciousness with hj-perventilation, the patient usually does not 
fall. That is one of the reasons why the disturbance in consciousness has not been as appM®®* 
to most observers as we have described it. ' 

The length of time the patient can hyperventilate is limited by three things: (1) 
of consciousness, during which the patient usually stops hyperventilating involuntarily; (2) 
tetany, which inhibits the action of the respiratory muscles; (3) fatigue. IVe usually allowed 
from a ten- to twenty-minute rest period between experiments when we carried out more 
than one experiment on the same subject. I do not think this accounts for the differences we 
observed, because we varied the order of experiments in most instances. 
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3IETAB0LIC AND PHT^ICAL CHANGES ASSOCIATED THE 

OEAL AND INTEAVENOUS ADAHNISTEATION OF AAIINO 
ACID PKEPAKATIONS TO AIAN 

Charley J. Siitth, M.D., Carl A. Moteb, jM.D. (By IsviiATioN), iM) 
Andrevt G. Lasichak, ilJD. (By HorriATiOi?), Eloise. JIich. 

This study "was conducted upon eight active male adults. Each subject 
was offered a standard 3,544 calorie diet. Follotving control periods on this 
diet, amino acid solutions*^ vrere given as supplementary nitrogenous food either 
orally and/or intravenously (equivalent to 100 6m. of protein per day) in 4S0 
c.c. of sterile water three times daily. The rate of infusion varied from 10 to 40 
6m. per hour. 

The foEowing determinations were made: urinary volume, pH, total nitro- 
gen, ammonia nitrogen, chlorides and creatinine; blood chlorides, CO- com- 
bining capacity, and hematocrit ; and body weight. The only consistent changes 
observed during the administration of amino acid preparations I and II were 
an elevation of total nitrogen and ammonia nitrogen excretions. 

The subj’ective changes noted dnring the injection periods were dizziness, 

' nausea, vomiting, anorexia, and weakness. The severity of these was directly 
' related to the rate of administration. However, relatively severe symptoms were 
noted with relatively slow/ rates of injection (15 Gm. in two hours) of prepara- 
tion II. 

The objective changes during and subsequent to tbe injection periods were 
listlessness, apathy, irritability, and dependent edema. There was no apparent 
correlation between the subjective and objective observations and blood and 
mine chemical changes. 

DISCU5SI0X 

Dr. W. S. Hoffii.O*, Chicago, IlL — It would be very unfortunate if one gained the im- 
. pressioa that distressing symptoins are likely to follow the injection of any of the available 
commercial preparations of amino acids. At the Cook County Hospital we have acquired a 
^ great deal of experience daring the last two years with parenterally injected amino acid, 
particularly with Parenamine. tVe have made injections into hundreds of patients. In many 
cases We have given as much as 135 Gm. of amino acids a day for as long as three weeks. 
I cry seldom have our patients experienced any untoward symptoms with the injection, and then 
y only when the injections wore made at rates higher than 300 c.c. of a 45 per cent solution 

, - per hour, or when the patient had a hepatitis. We have data to be published which indicate 

^ , ‘31 if the plasma amino acid nitrogen levels rise well above 10 mg. per 100 c.c., nausea and 

^ vomiting may appear, but usually not otherwise. 

, early enthusiasm for the use of parenterally injected amino acids, the administra- 

, ' tion« Were made too rapidly and in too great a quantity in an attempt to baild up patients 

■ r With protein deficiency to normal in as fast a time as possible. We know now that in natients 

Severe protein deficiency in wliich as high as from 450 to 500 Gm. of nitrogen had 
>eea lost, it is futile to expect a restoration to normal by parenterally injected amino acids 
■ yijj, accomplished is a sliglif positive nitrogen balance until these 

fupplemcntcd with orally administered protein, trnder such circumstances, 
' ■ ’ '’b at the most, 120 Gm. of amino acids should be given per day. at a rate of 15 Gm. 
-■ ‘ ‘3iir . There should be no difilculty, then, especially if lupertonic solution can be avoided. 

^^vamilnn 1 ?»tcnt Johnson and Company. Evan^.'iiic, Ini, 

Preparation It '•Parenamine," Frclerlrk Stearns fc Company, Detroit, Mich. 
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We have made a sludj’ of blood chemical changes during and after intravenous injec- 
tions of amino acids vvliich wo nro about to publish, and we can confirm Doctor Smyth’s find- 
ings that the changes arc insignificant, except for the rise in plasma amino acid nitrogen. One 
of the unusual findings was a drop in inorganic phosphate comparable to what one secs after 
glucose injection. 

Dr. G. E. WaivRRLIK, Cliicago, El . — As I understand it, Arnigcn is an enzymic casein 
digest containing 70 per cent amino acids and 30 per cent peptides, whereas Parenamine is an 
acid hj'drolysato consisting entirely of amino acids. Docs Doctor Smyth have any explanation 
for the depression of appetite produced by Parenamine in contrast to Amigcn? In view of 
Doctor HofTman’s comment, the higher amino acid content of Parenamine may be a factor. 

Dr. Sma’TJI (closing). — I think it is well to point out that the rates we have used have 
been two or three times as great as advocated by commercial houses. Our interest in the prob- 
lem arose when it was observed that patients did not cat the meal following the administration 
of amino acid mixtures. 

With reference to Doctor Wakerlin’s question, I have no answer as to why one mixture 
depresses the appetite more than the other. Wo arc at present investigating a mixture of the 
ten essential amino acids commercially prepared.* The clTcct of fortifying this mixture with 
aspartic and glutamic acid is being studied. Madden and Whipple have shown that these two 
amino acids are the cause of gastrointestinal symptoms in dogs. 


PHOSPHOLIPIDS OP LIVER AND BLOOD STUDIED WITH 
RADIOACTIVE PHOSPHORUS 

Je.sse L. Bollman, jM.D., and Eunice V. Flock, Ph.D. (By Initt.vtiox) 

Rochester, jMinn. 

After a single administration of i-adioactive phospliorus as disodium plios- 
phate to rats, this substance rapidly' enters the liver and furnishes a label for 
the inorganic phosphate of the liver. The radioactivity of the phospholipid o 
the Uver gi-adually approaches that of the inorganic phosphate of the liver. 
Calculations based on the exchange of i-adioactive phosphate from the inorganic 
fraction to the phospholipid, from analysis made at inten'als from tliirtj' minutes 
to eighteen houi-s, indicate that approximately 3.5 ing. of P foms new phospho- 
lipid in 100 Gm. of liver each hour. Tlie total amount of phospholipid B fro™ 
120 to 140 mg., remains unchanged, so that an equal amount leaves the hvei or 
is metabolized. Approximately . 0.8 mg. entei's 100 c.c. plasma each hour as 
phospholipid, and an equal amount leaves the plasma, the normal value of fro™ 
3.5 to 4.5 mg. remaining unchanged. These figures account for enough phospho- 
lipid turnover in the liver and plasma to metabolize or transfer fat equivalent to 
only 3 per cent of the caloric needs of the animals and indicate that phosphohpi 
formation is probably not an obligatory step in fat oxidation or transfer. 

Rats receiving diets widely divergent in protein, carbohydrate, and » 
content may show corresponding divergence in the concentration of phosphohpi 
in the liver, however, if the altered size of the liver is considered, it is found tba 
the formation of new phospholipid for each whole liver is very similar. A de- 
ficiency of dietary choline doe^not greatly reduce the amount of new ph“’ 
pholipid formation, hut administration of choline will increase new phospholipi 
formation. Damage to the' liver by carbon tetrachloride does not reduce phos- 
pholipid formation. Choline administration may increase phospholipid for™*''" 
tion after injury to the liver. 


•By Merck & Company. Inc., New York, N. Y. 
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SEQUELAE OF TRENCH FOOT AND THEIR TREATMENT BY 
LUJIBAR SYjMPATHECTOm* 

Major David I. Abramson and Lieutenant Colonel Harris B. Shumacker, Jr. 
(By Invitation), Galesburg, III, 

The clinical picture of trench foot, from four to thirteen months after ex- 
posure, was studied in a series of 567 patients. The sequelae were divided into 
three categories. 

In the first group, the findings were primarily the result of excessive 
sjanpathetic tonus. They consisted of a low eutaneous temperature of the toes, 
hyperhydrosis, and cyanosis, which at times was replaced by rubor, mottling, and 
a subjective sensation of coldness of the feet on exposure to a cool environment. 

In two patients in whom hyperhydrosis was so marked that maceration of 
the skin followed by secondary infection resulted, sympathectomy produced an 
immediate therapeutic effect. The infection cleared up shortly after the cessa- 
tion of sweating. The operation was also performed in two individuals with 
^ , blue, wet feet, who complained of pain on exposure to a cold environment. 

le feet became red and dry, and the marked responsiveness to cold was no 
longer present. 

the second group, the findings were suggestive of some type of peripheral 
nerve involvement. They consisted of tenderness of the sole of the foot, result- 
ing in abnormal gaits, hypesthesia, paresthesia, and numbness. 

In ten patients of this group, sympathectomy was done in order to treat 
ch^ nf these, little alteration in symptoms was pro- 

eed, while in four, slight or moderate relief of’ pain was noted. Such com- 
P amts as paresthesia, hj-pcsthesia, and numbness were unaffected. 

^'oup showed signs both of excessive sympathetic tone and 
^ f involvement. Besides these, desquamation of the plantar 

nf and stiffness of the toes, osteoporosis, and atrophy 

Mis common findings. Sympathectomy 

t attempted in the treatment of any of these manifestations. 

ivas gan^ene of toes or a portion of the foot, sympathectomy 

i formed as a prehminarj- step in twenty-six patients. 

hvdrnV^ concluded that this procedure is indicated in the treatment of hj-per- 

a l™ in the case o?.he 

'V a -10. "■«. «.va„etic tcct which is B-arkedlv 

l»vc a,n- it r 1; r Snogremus material. Only on occasion does it 

. iiieiapeutic effect on the ncuntic simptoms of trench foot. 

DISCUS.=:iON 



Such patients are also seen in nir Imniiner dificaso and unquestionably suffer from flemyeliniza- 
tion of some of tho sensory fibers. Sympathectomy in such a patient srill not reliere the 
true sensory defect but seems to abolish the sensory stimulation initiated by syinpatiefe 
fibers in tho dcniyeJinated segments. My experience with a considerable number of cases at the 
Veterans Hospital would indicate that (he majority of patients .su/Tcring from trench foot 
do not require sympathectomy. 

Hr. Joseph Edwards, St. Louis, Mo.— In our o.yporienco in Italy in 1943 and 1944 at 
tho Twenty-first General Hospital, wo had about 350 patients with trench foot. Because of 
tho severity of these cases, it was thought u'isc to do synipatlicctoiny in a certain selected 
group. IVe obtained permission of the theater consultant surgeon, Colonel ChureJiill, for this 
worlv. Accordingly, unilateral sympathectomy uns done by Lieutenant Colonels H. 6. Schwartz 
and r. A. Simeone, on thirteen patients nio.st of whom Imd caiisalgia, coldness of the feet, 
and cyanosis. Our conclusions u’cro tho same as Jfnjor Abramson and Lieutenant Banis 
B. Shumacher ’s, tliat in certain selected patients it seems to bo beneficial. We thought 
•only of very severe cold injury witli byperliydrosis often complicated by infection. In sene 
cases of earlj- gangrene, if scon early enough, (here may be benefit from sj-rapathcctomy 
It was of definite benefit in patients with epidermophytosis. B'o reported some of this work 
in tho United States Army Mcdic.ai Bulietin. IVo had occ.asion to follow these patients four 
months only. Wo hope to follow this work hy going over the records of these men after they 
return to the .states. 


Major Abramson (closing). — With respect to Doctor do Takats' discussion, I cannot 
add anything furtlier to wliat I have already stated, Tlicro is only an occasional indiTudual 
with trench foot in whom sympathectomy is followed by a loss of the symptoms of nervo irrita- 
tion. It is of interest that tiro of the men who donionstratcd marked sensitivity of the 
of the foot also had similar complaints in tho hools, and it was tho symptoniB in the heels 
which disappeared following operation. 

In response to Doctor Edwards’ sfatenionfs, wo have seen patients in whom syiu- 
patbcctoniy had been performed five, six, or seven months before coming to our hospital, ana 
little difference was noted botivcca the denervafed limb and flic control with respect to the 
severity of tho response to changes in environment. In fact, some of these patients complame 
mora in tiio sympathetcomized extremity than in the normally innervated one, but the 
planation may bo that the sympathectomized extremity was the worse one originally. 


TOXIC JIANIFESTATIONS FOLLOWING LARGE DOSES OF ERTB015 

Smith Freeman, JI.D. (Bv Invitation), Paue S. Rhoads, BI-D., and 
Leona B. Yaeger, ill.D, (By Inahtation), Ciiigago, Iee. 

Two case Iiistories are presented in which the following findings vei® 
similar; ingestion of large doses of Ertron and high milk consumption overlong 
periods followed by extreme wealcness, restlessness, subnonnal body temperatiffo. 
weight loss, anorexia, generalized aching, dermatitis, inflammation, and smo 
fatty deposits of the sclerae. Both patients had disturbed calcium metabolism, 
increased nitrogen retention in the blood, re,duced renal function, anemia ffid' 
eosinophilia, albumin, and casts in the urine. In one patient there was extensn'® 
calcification in many bursae and exfoliative dermatitis. 

Many of these findings are loiown to occur in animals poisoned with vita- 
min D, 

In view of the large numbers of persons now being treated with ertron 
other high potency vitamin D preparations, a careful check on the compiate 
therapeutic history of patients with the mentioned symptoms is in order. ° 
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all physicians treating patients "nTtli large doses of ertron and other high po- 
tency vitamin D preparations should keep a careful check on the urinary find- 
ings and calcium-phosphorus value of the blood in addition to insisting on a 
low calcium diet. 

DISCUSSION 

Dp.. Elitee Setbivghacs, Madison, tVis. — ^Tliis sjudrome from the administration of 
large doses of vitamin D is not limited to ertron and it is not limited to the treatment of 
chronic arthritis, I doubt that it is caused by large intakes of milk. Two cases were reported 
from the New Haven Hospital, and I have had one case. Large doses of vitamin D are very 
helpful in tetany. I have used doses of the magmtnde reported without encountering any 
difficulty. Eecently, I have seen one such patient under treatment vrith 100.000 units of 
Viosterol who developed the same subjective picture, except that there were no skin manifesta- 
tions. There were anemia and reduced renal function, clouding of the consciousness, and a 
peculiar nervousness. Withdrawal of vitamin D vrith the liberal use of saline administered 
intravenously brought the serum calcium down from 17 mg. per 100 c.c. of blood, which 
is a dangerous level. I should say that doses of 50,000 units of vitamin D and upward might 
be followed by toxic symptoms. 

Dp.. Peeeiiax (closing) . — It has been shown, for example, that a transient hypercalcemia 
may be produced by calcium taken orally; however, a more marked and prolonged hyper- 
calcemia will result from the same amount of ingested calcium if the animal has previously 
received large doses of vitamin D. It has never been possible to dissociate the toxic effects of 
vitamin D from its influence upon calcium metabolism. Eor three or four years, I have 
followed the serum calcium values in several patients with hypoparathyroidism receiving 
largo doses of vitamin D. Such patients may go along all right for months on a given dose 
of vitamin D and a certain calcium intake, and then for no apparent reason they may 
develop a hjpercalcemia accompanied by sjTnptoms of toxicity. This may be due to an 
accumulative effect from vitamin D. The prolonged action of vitamin D has been shown in 
the treatment of rickets and osteomalacia as well as by toxicity studies. Large doses of 
vitamin D may influence calcium metabolism for months after the vitamin has been discon- 
tinued. It is not possible to predict from one patient to the next what dose of sterol will be 
required to correct a hjpocalcemia of a certain magnitude. The requirements of each patient 
Ernst be determined individually. There is no substitute for serum calcium determinations, and 
these should always be done in duplicate. 

Both the clinical and experimental evidence indicates that a high calcium intake in- 
creases the likelihood of toxic manifestations from large doses of vitamin D. Conversely, 
proper selection of diet and calcium intake will minimize the vitamin D required to correct 
a liypniualccmia. 


THE EPECT OF INFECTION AND TRAUJIA ON THE EXCRETION OF 

URINARY CORTIN* 

R. A. Shipley, ILD., .ind R. I. Dorfman, Ph.D,, Cleyel.vnd, Ohio 

Urinary cortin may be satisfactorily extracted with ethylene dichloride and 
parlially purified by the extraction of inactive material with sodium hydroxide, 
j modified from Sclyc and Sclienker and a liver glycogen te.st as used 

» Dohriner and co-workers are both siilueiently sensitive for the quantitative 
Lslunatiou of urinary cortin. Group.s of animals' employed in the cold test must 
Jg con trolled for sensitivity by inelnding a grouj) which ivceives a .standard 

•Work uon. uti !<>r c-mlnict 1x111, llu Offloi of ScPniiric P.e^eirch .ir.a I>i clop-r.rnt. 
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dose of active adrenal cortical material as ivcll as a group which receives only 
the solvent. The cold test is potentially four times as .sensitive as the glycogen 
test and thus requires less urine for an assay. However, satisfactorj- cold 
test assay's may be obtained in only two of three attempts due to variations in 
sensitivity of animals as a group. Results arc more reproducible with the 
glycogen test. Both tests (assuming the use only of highly sensitive animals in 
the case of the cold test) give erroi-s of estimate within the range usually en- 
countered in bio-a.ssay procedures. In the ca.se of the glycogen test the error 
factor (with ten animals in a group receiving the unknown, and p = 0.05) is 
1.6. This means that the chances are one in twenty that the true value mil not 
vary by more than 1.6 or 1/1.6 times the observed result. 

In a series of nineteen normal young men and women the daily e.xcretion 
of urinar.y eortin as estimated by the cold test averaged 1.1 mg. of compound A 
equivalent and varied from 0.5 to l.S mg. The glycogen test gave values rang- 
ing from less than 0.2 to 0.8 mg. There was no obvious difference between men 
and women. A sample of pooled normal male urine contained 2.0 mg. compound 
A equivalent by the cold test and 0.4 mg. bj' the glycogen test. The disparity 
between values obtained by the two tests might be attributable to the presence in 
urine of 00141031 compounds less active in carbohydrate metabolism than against 
exposure to cold. 

Eighty patients with infectious disease were studied, two after hernior- 
rhaphy and three after extensive body' burns. In all three categories there was 
usually a rise in the output of eortin. The augmentation was high as eightfold 
in some instances. A patient with a clinical diagnosis of Waterhouse-Fridencli- 
sen syndrome excreted appreciable amounts of active material. The postop- 
erative rise occurred during the first two days after operation. During recov- 
ery from tlie mentioned ty'pes of stress, there were no instances of an abnorma 
depression in output which one would expect in the presence of adrenal ex- 
haustion. 

THE EFFECT OF DIET ON THE GROWTH AND SURVIVAL OF 
ADRENALECTOAIIZED RATS TREATED WITH DESOXY- 
CORTICOSTERONE ACETATE PELLETS* 

Albert Segalofp, AI.D., New Orleans, La. 

(Introduced by Thojia.s Findley, AI.D.) 

Immature, adrenalectomized, male rats with subcutaneous pellets of desox)- 
corticosterone acetate were fed various diets. None of the diets contained any 
carbohydrate, but all had adequate amounts of the vitamins required for grow 
in the rat (thiamine chloride, riboflavin, calcium pantothenate, nicotinic aci i 
pyridoxine, choline chloride, a-tocopherol, vitamin A, and vitamin Ds) 
U.S.P. XII salt mixture. When the diet eontined crude casein and a fatty acio 
mixture in ■ the vitamins and salts, all the animals survived and grew 

for eight xy h time the pellets were removed. However, if the fad) 

•This ^ _ - 'Ttment of Medicine. Vanderbilt University Sphool cl 

Medicine, ' 
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acids were omitted, or vitamin-free casein was substituted for the crude casein, 
then the animals neither survived very long nor grew. A total of seventy-eight 
rats Avere employed on the four diets. 

These preliminarj^ studies indicate that (1) dietary carbohydrate is not 
essential for the groAvth and survival of adrenaleetomized rats maintained on 
de.soxycorticosterone acetate; (2) dietary fatty acids either bum as carbohydrate 
or permit the utilization of protein by such rats; and (3) there is some sub- 
■stance different from the vitamins required for growth in the rat which is pres- 
ent in crude casein and is required by our adrenaleetomized rats. 

DISCUSSION 

Dr. H. T. Bicketts, Chicago, 111. — ^I should like to ask whether any determination of 
liver function was made on these animals. 

Dr. SEOSLOrr (closing). — AVe were not able to do liver function tests. The blood sugars 
were veiy low in the animals that died and normal in the animals that survived. 


CHANGES IN THE PROJUNENCE OP THE EYES IN VARIOUS 

THYROID STATES 

Brown M. Dobyns, M.D, (By Invitation), and S. F. H^unes, M.D. 

Rochester, JIinn. 

Repeated exophthalmometer measurements of the eyes were made in various 
t>T)es of thyrmd disease during the course of treatment. 

Tliyroidectom)' in patients with exophthalmic goiter was usually followed 
by increased prominence of the eyes. If hypoth.vroidism supervened, the prom- 
inence of the eyes usually increased still furtlier. Treatment of postoperative 
mj-xedema usually resulted in regression of the prominence of the eyes to de- 
grees that existed before myxedema developed. Treatment of spontaneous myx- 
edema also resulted in lessening of the prominence of the eyes. Patients with 
exophthalmic goiter who were treated with thiouracil showed an increase in 
prominence of the eyes simultaneous with the drop in basal metabolic rate. In 
roast of tliese instances, the change in the position of the globe was so slight that 
It could not he detected without measurements. In one patient with severe 
exophthalmos, the protrusion of the eyes and edema of the lids and of the con- 
junctivac reached serious proportions during the course of treatment with 
thiouracil. 

DISCU&SION 

Dn. E. L. DeGowin', Iowu City, Iowa. — -I should like to reinforce the conclusions of the 
fpra ers by reporting the r:i.«o of a patient whom I recently had a chance to study. This 
Oman now Cl years old. In 1912 sbe consulted her local physician because of pyrapfoms 
1C M U\m to make a diagnosis of inj-xedema. Tlic laboratory work and ba.'al metabolic 
I tH V were verj- well done. She had all the clinical signs of myicdcm.a, and 

that she had the condition nt that time. Her attending phy.«ician 
irviiTl D'.vroid extract; ..^he made a prompt recoverj- from the symptoms of 

ti’.clabolic rate wa.s restored to normal, .Siie has been on thyroid 
do'Ci ever since. six months after beginning therapy with thyroid 

' - , t IP doclor^notico<I that she wa« developing exophthaImo«. Tiii<= cxo*phthaIrr.o« ha* 
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dose of active adrenal cortical material as well as a group wliich receives only 
the solvent. The cold lest is potentially four times as sensitive as the gb'cogcn 
test and thus requires less urine for an a.ssay. However, satisfactorj- cold 
test assays may be obtained in only two of three attempts due to variations in 
sensitivity of animals as a gj'oup. iRcsiilts are more reproducible with the 
glycogen test. Both tests (a.ssuming flic use only of highly sensitive animals ir 
the case of the cold test) give en-ors of estimate within the range usually en 
countered in bio-a.ssay procedures. In the case of the glycogen test the erroi 
factor (with ten animals in a group receiving the unknown, and p = 0.05) i: 
1.6. This means that the chances arc one in twenty that the true value will no 
vary by more than 1.6 or 1 / 1.6 times the obsciwcd result. 

In a series of nineteen normal young men and women the daily excretioi 
of urinary corlin as estimated by the cold test averaged 1.1 mg. of compound i 
equivalent and varied from 0.5 to l.S mg. The glycogen test gave values rang 
ing from less than 0.2 to O.S mg. There was no obvious difference between mei 
and women. A sample of pooled nonnal male urine contained 2.0 mg. compouni 
A equivalent by the cold test and 0.4 mg. by the glycogen test. The dispant, 
between values obtained b.v the two tests might be attributable to the presence n 
urine of cortical compounds less active in oarhohydrafe metabolism than agams 
exposure to cold. 

Eighty patients with infections disease were studied, two after hcnuoi 
rhaphy and three after o.xtensivc body burns. In all three categories there va 
usually a rise in the output of cortin. The augmentation was liigh as eightio 
in some instances. A patient with a clinical diagnosis of Watcrhouse-Fridenct 
sen sjTidrome excreted appreciable amounts of active material. The postoi 
erative rise occurred during the first two days after operation. During recoi 
cry from the mentioned tjqios of stress, there wci-c no instances of an abnorffit 
depression in output ivhich one would expect in the presence of adrenal ei 
haustion. 

THE EFFECT OF DIET ON THE GROWTH AND SURVIVAL OF 
ADRENALECTOMIZED RATS TREATED WITH DESOXT- , 
CORTICOSTERONE ACETATE PELLETS* 

Albert Seg.aloff, M.D,, New Orleans, La. 

(Introduced bv Thojias Findlev, M.D.) 

Immature, adrenalectomized, male rats with subcutaneous pellets of desox; 
corticosterone acetate were fed various diets. None of the diets contained aa 
carbohydrate, but all had adequate amounts of the vitamins required for gro\ri 
in the rat (thiamine chloride, riboflavin, calcium pantothenate, nicotinic acr 
pyridoxine, choline chloride, a-tocopherol, vitamin A, and xritamin D 3 ) 3® 
U.S.P. XII salt mixture. When the diet contined crude casein and a fatty aci 
mixture in addition to the vitamins and salts, all the animals survived and gre 
for eight weeks, at which time the pellets were removed. However, if the fa 

^ ~^his -work was done in the Department of Medicine, Vanderbilt UniversRX School ' 
Medicine, Nashville, Tetin, 
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and varjTiig degrees of toxicity has given ns an unusual opportunity to in- 
vestigate this problem. These data indicated that the cells of all types of 
nodular or adenomatous th^Toid tissue of nontoxic nodular goiter, toxic nodular 
goiter, exophthalmic goitei’, and so-called fetal adenoma studied are functionally 
autonomous and consistently shoved less avidity for iodine and produced less 
thjToxine and diiodotyrosine than the groups of thyroid cells in the surround- 
ing thjuoid tissue. None could be considered so-called hyperfunctioning ad- 
enomas. 

The diffuse goitrous tissue of two patients with nontoxic diffuse colloid 
goiter showed great avidity for iodine, but its abUit}’^ to produce thyroxine and 
diiodotyrosine did not appear greatly increased. The diffuse hyperplastic tissue 
of a patient with exophthalmic goiter showed the greatest avidity for iodine 
and the greatest ability to produce diiodotyrosine and thyroxine. . 

The paranodular tissue (that is the thyroid tissue surrounding the nodules) 
of three patients with nontoxic nodular goiter, one ha\'ing a mild hypothyroid- 
ism, acted biochemically to a greater extent like the tissue of nontoxie colloid 
goiter. The paranodular tissue of a patient with toxic nodular goiter acted bio- 
chemically to a greater extent like the tissue of exophthalmic goiter. 


THE EFFECT OF SALICYLATE ON THE SEDBIENTATION RATE, 
FEVER, AND OCCURRENCE OF VALVHLAR HEART DISEASE 
IN ACUTE RHEUIMATIC FEVER 

ilAjon Harry A. VT^irren (By Invitation), Lieutenant Colonel C. S. Higley, 
AND IIaJOR F. S. CoOXIBS, Jk., hL\DJSON, Vfis. 

Sodium salicylate has been used in the treatment of acute rheumatic fever 
for many years. In 1943 Cobum reported a series of thirty-eight patients with 
acute rheumatic fever, treated with from 10 to 14 Cm. of salicylate daily”, in 
"horn valvular heart disease did not develop. Plasma salicylate levels in these 
patients were found to range above 35 mg. per 100 c.c. In another series Coburn 
gave smaller amounts of salicylates and obtained lesser pla.sma values. In 
hwnty-one of sixty-three of these patients, vahnlar heart disease occurred. lYe 
ia\e been interested in the efficacy of salicylate in the treatment of acute rheu- 
"latic fever .since publication of Cohuni’s work. 

Irom November, 1942, to September, 1945, we have studied 186 patients 
'uth rheumatic fever. Fifty of these patients were given from 10 to 16 Gm. of 
icy late daily, orally, until the sedimentation rate remained normal; another 
ortj.eigJit given from 10 to 20 Gm. intravenously daily, for seven days, 
^0 oued by from 10 to 16 Gm. daily, orally; and eighty-eight patients received 
xs t lan .lO Gni. per week during the acute pha-'^o only. Oral or intravenous 
O'^'igt of 10 Gm. or more per day gave pla.'Jina levels in the therapeutic range 
• nvocated by Coburn. 
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continued to progress until tlio present time without any signs of thyrotoxicosis. Simul- 
taneously with the development of tlio exophthalmos, she develoi)cd localized areas of solid 
nonpitting edema which many dormatologist.s, and particularly Dr. Paul O’Leary of the 
Sfayo Clinic, have described in association with exophthalmic goiter. When she came to the 
hospital, the paradox of a patient with marked exophthalmos and knomr myxedema intrigued 
us, and wo immediately began to investigate the pituitary. >Sho was then beginning to hare 
a loss of tho lower half of both visual field.«, and x-r.ay examination of the .'kull showed a 
sclerotic procc.ss in the sphenoid bone involving the anterior clinoid proce.'s which the 
radiologist considered most likely to be due to a tumor in that vicinity. Here is a patient 
who has a tumor in tho region of the anterior lobe of the pituitary gland, who first developed 
signs of thyroid deficiency, and who Ims been known to develop exophthalmos while receiving 
adequate doses of thyroid extract. I certainly think that this also brings into question the 
hypothesis which apparently has been accepted, that malignant c.xophthalmos is due to the over- 
production of thyrotropic hormones as a result of insufficient thjToid hormone. 


Dr. E. Perry JIcCui.i..voir, Cleveland, Ohio. — In observing large numbers of patients with 
exophthalmic goiter over a period of many years and in making attempts to estimate the 
factor which may bo influencing the exophthalmos, I have been particularly impressed with the 
great difficulty of establishing any type of control for comparison. Exophthalmos may appear 
in apparent complete dissociation from evidences of overactivity of the thyroid. For instance, 
it may make its appearance several years before hyperthyroidism is present, and wehave.'eeB 
it appear and become severe for as long ns fourteen year.s after the disappearance of h.vpcr 
thyroidism and in tho absenco of eitlicr liypor- or liyponictabolism. In view of such facts as 
these, it is a matter of tho greatest difficulty to evaluate the cfiTocts of any treatment which is 
given in an attempt to influence exophthalmos. 

There is, I believe, considerable rea.'-’on to doubt tho validity of the current belief that 

thyrotropic hormoiio is tlio cause of progressive exophthalmos. If thyrotropic hormone wer« 

actually' the cause of exophthalmos, if would seem reasonable to expect that c-xophtnai 

would bo present in cases of acromegaly with hyperthyroidism. In such patients, there is a 

pituitary tumor and goiter with hyperthyroidism, and it seems entirely reasonable to anap 

that an e.\oess of thyrotropic hormone must bo present, and yet no exophthalmos occurs im 

these circumstances. Patients with spontaneous myxedema also have an excess of thyro rop^^ 

hormone, and these patients do not develop c.xophthalmos. During thiouracil therapy, tner 

almost certainly a marked increase in thyrotropic hormone production, and as far 

all experience with thiouracil has been concerned, there is little indication tliat exopht a 

usually increases during such treatment. In short, it appears that the exophthalmos 

Graves ’ disease is independent of all the influences wiiich we know of including the effec 

and a 


thyroid. It is quite evident that hypothyroidism itself does not cure exophthalmos, 


seems to me from this evidence alone that it does not seem reasonable to suppose 


that the 


feeding of thyroid would be of much benefit. It seems possible that a more 
of inhibiting the pituitary than has been used up to tho present may be shown to e 
most efficient treatment. 


THE. CLINICAL SIGNIFICANCE OP THE FUNCTIONAL BEHAVIOR 
OP ADENOMAS OP THE THYROID GLAND 

I. Darin Puppel, M.D., Charles P. Leblond, M.D. (By Invitation), 
Riley, M.S. (By Invitation), and George JI. Curtis, IM.D., Colujibus, OH 

The exact function of the thyroid nodule or adenoma has not been com 
pletely established for the reason that there has been no adequate method to 
termine the functional activity of various parts of a nodular goiter. - 

Recently, radio-iodine fractionation study of many foms of. 
thyroid tissue removed from seven patients vvith varied clinical of 
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and varjing degrees of toxicity has pven iis an nnusnal oppoi’tnnity to in- 
vestigate this problem. These data indicated that the cells of all types of 
nodular or adenomatous thyroid tissue of nontoxie nodular goiter, toxic nodular 
goiter, exophthalmic goiter, and so-called fetal adenoma studied are functionally 
autonomous and consistent!}’ showed less a\’idity for iodine and produced less 
th}T 0 xine and diiodotyrosine than the groups of thyroid cells in the surround- 
ing th}T.’oid tissue. None could he considered so-called IpTierfunctioiiing ad- 
enomas. 

The diifuse goitrous tissue of two patients with nontoxic diffuse colloid 
goiter showed great avidity for iodine, but its ability to produce thyroxine and 
diiodotyrosine did not appear greatly increased. The diffuse h}’perplastic tissue 
of a patient with exophthalmic goiter showed the greatest avidity for iodine 
and the greatest ability to produce diiodotyrosine and thyroxine. 

The paranodular tissue (that is the thyx-oid tissue suxTOunding the nodules) 
of three patients uith nontoxie nodular goiter, one ha\'ing a mild h}i)othyroid- 
ism, acted biochemically to a gx’eater cxteixt like the tissue of nontoxic colloid 
goiter. The paranodular tissue of a patient xvith toxic nodular goiter acted bio- 
chemically to a greater extent like the tissue of exophthalmic goiter. 


the effect op salicylate on the sedbientation rate, 

FEVER, AND OCCURRENCE OP VALWLAR HEART DISEASE 
IN ACUTE RHEUIMATIC FEVER 

JIajor Harry A. Vf.vRREN (By Invutation), Lieutenant Colonel C. S. Higley, 
AND JLxjor F. S. Coombs, Jr., HLadison, Wis. 

Sodium salicylate has been used in the treatment of acute rheumatic fever 
for many years. In 1943 Coburn reported a series of thirty-eight patients with 
acute rheumatic fever, treated with from 10 to 14 Gm. of salicylate daily, in 
"horn valvular heart disease did not develop. Plasma salicylate levels in these 
patients were found to range above 35 mg. per 100 c.c. In another series Coburn 
?avc smaller amounts of salicylates and obtained lesser plasma values. In 
Swcnty-oiie of sixty-three of these patients, vahmlar heart disease oecuired. We 
lave been interested in the efficacy of salicylate in the treatment of acute rheu- 
matic fever since publication of Cobunx's work. 

I rom November, 1942, to September, 1945, we have studied 186 patients 
"ith rheumatie fever. Fifty of these patients were given from 10 to 16 Gm. of 
ic} ate daily , orally, until the sedimentation rate remained normal ; another 
f u* x'ere given from 10 to 20 Gm. intravenously daily, for seven days, 
le from 10 to 16 Gm. daily, orally; and eighty-eight patients received 

>an 50 Gm, per week during the acute phase only. Oral or intravenous 

sage of 10 Gm. or more per day gave plasma levels in the therapeutic range 
•lavocated by Gohuvu. 
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We liave arbitraril}>- divided our cases into two groups, severe or moderate, 
depending upon the initial sedimentation rate. Above 60 mm. per Lour was con- 
sidered evidence of severe disease, wliilc below that figure was considered mod- 
erate. 

One hundred lAvenly-six cases fell in the severe category. Forty-five of 
these patients received the large oral dose of salidylate and required an average 
of 51.3 days for the sedimentation rate to reach tlie normal level; forty-four 
patients received intravenous and then oral salicylate in large doses and re- 
quired an average of 61.4 days for the sedimentation rate to reach normal; and 
thirty-seven patients receiving the small oral dosage required 58.7 days for the 
sedimentation to become normal. 

Of the sixty patients in the moderate group, five receiving large oral doses 
of salicylate required an average of thirty-six days for the sedimentation rate 
to become normal ; four given intravenous and then oral salicylate required an 
average of 27.75 days for tlie sedimentation rate to become normal; and fifty- 
one giv'en small doses of salicylate orally required 35.2 days for the test 
to become normal. 

When all cases are considered, eighty-eight patients receiving small doses 
of salicylate required an average of forty-five days to reach a normal sedi- 
mentation rate. Fifty patients receiving large oral doses required an average of 
49.8 days, and forty-eight patients receiving intravenous sodium salicylate re- 
quired 58.6 days to reach a normal sedimentation rate. When all patients re- 
ceiving large doses are considered, the average time to reach a normal sedi- 
mentation rate was 54.1 days. 

Eighty-two patients with a febrile response above 99.2° F. received small 
doses and required an average of 11.6 days to maintain a normal temperature 
curve. Eighty-nine patients receiving large doses, either by mouth or hy 
v'cin, I’equired an average of 4.16 days to maintain normal temperatui’e. 

Thirty-five cases, or 39.8 per cent, of those receiving small doses showed a 
rise in sedimentation rate after reaching a normal level, either with or without 
clinical signs and symptoms of recurrence. Of those receiving large doses, 
61.3 per cent showed such polycyclic courses. 

Attempts to determine the presence of organic heart disease Avere diSia'i^l 
because of the short period of observation. HoAvever, seven patients in “''‘j 
group developed significant cardiac murmurs not present on admission or shoAAO 
definite progressive changes in cardiac abnoimalities present on admission. 

From these findings, it is apparent that the administration of large doses 
of salicylates does not reduce the time necessary to reach a normal sedimentation 
rate and does not protect against the occuz'rence of polymyclic rheumatic fever* 
It does eliminate the temperature cleA'ation sooner than small doses. K 
not prevent the occurrence of valvular heart disease or prevent the progression 
of pre-existing cardiac damage to any greater extent than small doses. 

DISCUSSION 

Db. M. J. Shapiro, Minneapolis, Minn.— Tliis leport, together with other receat 
work, shows what has been known for many years: namely, that the salicylates have ft 6°® 
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clinical but no specific effect on rheumatic fever, that the salicylates are rapidly absorbed from 
the stomach, and that intravenous salicylate therapy is unnecessary and dangerous. Soon after 
Cobum reported on the use of large doses of sodium salicylate given intravenously, a number 
of deaths resulted from such therapy. 

A word should be said about the use of the sedimentation rate in rheumatic fever as 
well as about its general use. Not infrequently patients who have apparently recovered from 
an attack of rheumatic fever continue to have an increased sedimentation rate for weeks and 
months after all other evidence of activity has disappeared. Such patients are often kept in 
bed for months for no other reason. Many patients, especially children, have an upper 
respiratory infection accompanied by joint pains. Such children are frequently kept in bed 
for long periods of time only because the sedimentation rate is moderately increased. It must 
be true that many such patients who probably never had rheumatic fever are among those who 
have been treated prophylactically with the sulfonamides. 

If a few of Major Warren’s patients were among those who continued to have increased 
.'edimentation rates even though they had recovered from an attack of rheumatic fever, the 
results of his study would be entirely different. 

It is time that the whole matter of the sedimentation rate be restudied. It is quite evi- 
dent that the increased sedimentation rate alone should not he used as a sole criterion for 
determining when a patient has recovered from an attack of rheumatic fever. 

PENICILLIN AND DICIBLABOL, AND PENICILLIN IN THE TREAT- 
JIENT OF SUBACUTE BACTERIAL ENDOCARDITIS 

Ono 0. j\Ieter, 5I.D., and Chakles J. Thill, M.D. (By In\ttation) 

j\Iadison, "Wis. 

In June of 1944, it was widely held that penicillin was not efficacious in 
the treatment of subacute bacterial endocarditis. In January of that year, how- 
ever, Loewe and his associates reported success in the treatment of this con- 
dition ivith combined penicillin and heparin administration. "Wlien penicillin 
became readilj- available, in Slaj" of 1944, we decided to treat bacterial endo- 
carditis with penicillin and the anticoagulant Dicumarol, a potent cheap drug 
which can be given orally. The hazards of anticoagulant therapy in this con- 
dition were recognized. 

Eleven patients have been treated with penicillin and dicumarol. The 
penicillin dosage ranged from 200,000 units daily given intramuscularly, usu- 
a } at three-hour intervals, to 1,000,000 units given continuously intramuscu- 
ar y or intravenously. Dicumarol was given in initial doses of 4 or 5 mg, per 
"1 o^am with subsequent daily doses of 1.5 mg. per kilogram as necessary to 
maintain tlie prothrombin time between 25 and 50 per cent of normal. 

Seven patients recovered and have remained well for intervals of from 
seven to fourteen months. One patient died after a few days of therapy, pos- 
m J from cerebral hemorrhage. Two patients relapsed promptly after com- 

e ion of tlierapy, but one of these left the hospital against our wishes before 
A*^/*'***!*''^'"™ course, which we liave always advocated, was completed, 

nen^'m’ * never brought under control, even with large doses of 

ticiTi intermittent dicumarol for more tlian six months. The first pa- 

nbs' after being well for almost a j'ear-had a tooth with a periapical 

- nen-'^m extraction the patient received 15,000 units of 

ici in cverj’ three hours for five doses and after the operation, the same 
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ade f One i. 

two month, later, and the vogetJZ\Z \ f decon,pemtm 

has been weU for a year. Slfe received T d- ^»ealed. Arofier 

present at the time of admission T), vaginal bleed- 

to treatment, and four have died The^! f J 
e«t. In these cases, dicumarol tas^ot 111' f ' 
and control of fever vere not attain. jl negative Wood calWm 

patient who died, we have ivithheld dir*’ e.\-perience witi the 

ture is obtained or the fever eontmUod'^^f either a negative blood eid- , 
two gi-oups are not as important oc tl differences in the results in the 

four patients, only those who were recn^l therefore, since after tlie first 
Of the total eighteen patients eip-tii i ponieillin received dicumaroi. 

acquired the disease. From our recovered, and one of these has again 

^pressions and tentative eonelusionr'"''"^ date, we have acquired certain 
I. Treatment ivith penieilJm i 

should be persisted for a minimum of^m'x combined with dicumaroi 

employed. ' decidedly better results than anything prewonsly 

3» D6Splt6 OUl* rGSnlfec -fnt ‘ 

Bkepliffll that anticoAgulAR, .T'”'”'"’ “^Py, we remain decidedly 

tionable that anticoagulant fhpr.n r ^ edvantages, and it is ungues- 

baeteria] endocarditis. ' *^eiiies with it grave hazards in subacute 

4. Penicillin therapy for fifi 

fection is inadeqmie to prevent ^ removal of a focus of in- 1 

'^""ditis. development of subacute bacterial endo- 1 

5. Seven of our patients }i i 

adequate therapy before comino- cured had received distinctly in- 

eight who did recover had had .mr whereas only one of these ; 

inadequately treated patients had ours. All but one of the i 

under the original penicillin objectively improved 

peat significance of this point question as to the possible 

.Tustified, it may be important and an ^ ‘^^^^^^ision regarding it is not 

but one of these patients, the organism^^^^^”^*^'°° wanting since in all 

was still sensitive in vitro. 

Dr IV Q ,r ' WSCUSSION ! ^ 

■US- n. S. Middleton Madison w 

ia wtrodnetion of penicillin in the' treatment |./ 

Z7Z Z 7 deaths from sutaZtlTT'. ^ ^ 

th' fi Id ^ esperienee of the endocarditis. I am not boastiag 

acZfh^ addition of an anticoagulant added noU •' e^erience of most workers in , 

ZZl The route and dosLr,Lm ! 

small detail will be called to your attention further study. Just one U 

her intramuscularly or intravenously, presnpnosl‘'tf administration of penicillia, 

e use of tubing. At the Medical 


PROCEEftlN'GS OP ElGHO'EEKTH ANNUAL MEETING 


489 


Besearch Council in Great Britain there was reported a reduction of the potency of penicillin 
passing through tubing other than Latex by about 50 per cent. In other words, if you are 
going to employ a continuous method of administration, do not use red or black rubber tubing, 
use latex. 

Dk. L. N. Katz, Chicago, lll.~It is interesting that the report of the Madison group 
is in agreement with the experience we have had at the Michael Eeese Hospital, a preb'minary 
report_of which was made to this Society last year. 

VTe have treated seventeen unselected successive patients with penicillin alone (without 
any combined anticoagulant). - Of these seventeen, fourteen were “cured” some have re- 
mained well and at work for over a year. Two patients died during therapy, one from a 
cerebral hemorrhage and the other from heart failure confirmed at necropsy. Of the other 
fifteen patients, only one was a treatment failure. 

Me gave as much as 15S million units of penicillin for as long as eight weeks. Ordinarly 
we gave from 200,000 to 400,000 units per day for from three to six weeks. We treated one 
patient with a resistant case vrith 2,500,000 million units daily toward the end of his course, 
and on the last three days we gave him para-amino hippuric acid to raise the blood level 
further. This patient has now recovered and is quite well and at work. One of the recovered 
patients died of heart failure eight months after therapy was finished. Necropsy confirmed the 
presence of a healing lesion. 

The statistics in the literature and our oivn experience demonstrate that the addition 
of anticoagulants is without value. The rate of recovery is as high with penicillin alone 
as with penicillin and a anticoagulant, when penicillin is administered in large enough dosage 
for a long enough time, provided that the blood level is maintained high continuously. We 
used intermittent intramuscular injections given every lionr, twenty-four hours a day. 
Penicillin is excreted very quickly and injections even two hours apart are not adequate to 
maintain, a continuous high blood level. With the large doses we use continuous therapy. 
This must he maintained constantly day and night throughout the period of treatment. 

I think the problem that remains in subacute bacterial endocarditis is the treatment of 
the penicillin-resistant organisms. In the course of time it may turn out that organisms 
will be found so resistant that penicillin may be ineffective. 

Dr.. Miltox Laxdowxe, Bethesda, Md . — 1 would like to ask a question in relation to 
repeated courses of treatment with penicDlin, In the first patient who had been well for almost 
a year, and in whom bacteremia developed a week after dental extraction despite penicillin, 
did the blood cultures show the same organism that had been present before? If so, did it 
have the same degree of in vitro sensitivity to penicUlin as it did before? And bearing on 
this same point, have yon any data as to whether the in vitro sensitivity of the organisms to 
peniciUin was altered by the administration of penicillin in the seven patients who, having 
had previous “inadequate” therapy, failed to respond to your treatment? 

Dk. Harold Feil, Cleveland, Oliio, — Could treatment be continued in the patient who 
was sensitive to penicillin? 

Dr. M. a. Blaxkexhorx, Cincinnati, Ohio. — ^Has Doctor Meyer an opinion on the role 
of sulfa drugs in resistant penicillin cases? 

Dr. Meyer (closing).— In tlie patient who was cured and then relapsed following dental 
wlraction, I c.annot tell you wlietlier the organism was identical with that of his first illness. 

n )oth occasions, however, the organism was penicillin .-sensitive and sensitive to 0.30 of a 
. unit per cubic centimeter. It may iiave been sensitive to a greater dilution, but we did 
, ot go below that concentration in testing the sensitivity. 

• "w question, in none of our seven patients do I liave information about 

sensitivity prior to tlie time patients came under our obsen-ation. Only one was 
' Jc.\ n a group where they prob.ably tested tlie organism for penicillin sensitivity. The 
' '''■u*’ given three million units but did not respond. We could never effect a 

Mcrilir.itinn of the blood stream. 
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Answering Doctor Foil 's question regarding penicillin scnsitiwty, we have not obserreJ 
patient sensitivity to penicillin that required our stopping therapy. 

In only one patient was the combination of penicillin and a sulfonamide employed, and 
without benefit. The dose of penicillin in this ca.se was to 1,000,000 units a day. It does 
not seem likely that the combination will be e.specinlly beneficial, but that is just an opinion. 

By May of this year wa wore fairly convinced that if the patient would not respond 
to 200,000 units of penicillin a day he would not respond to larger doses. We have certainly 
changed our minds about that. You will find an occasional patient who nill respond to- 
much larger doses than who failed with small doses. AVe realize that this is not a large 
series of patients; there arc only eighteen. Some of these impressions may not hold, but in 
1944 we thought it was a simple matter to cure subacute bacterial endocarditis with penicillin. 
It is becoming increasingly’ difficult. We are not getting the same results with the same doses. 
Perhaps it is pure chance in a small series of cnscs. Time mil tell. 


A STUDY OF BERIBERI HEART DISEASE AT THE 
CINCINNATI GENERAL HOSPITAL 

C. F. ViL'TER, SI.D. (By Invitation), 51. A. Blankenhorn, JI.D., 

R. S. Austin, JI.D. (By Invitation), anp I. 51. Sciieinker, 5I.D. 

(By Invit.vtion), Cincinnati, Ohio 

In five years at tlie Cincinnati General Hospital we have recognized beriberi 
heart disease in twelve patients with cardiac failure. The combined shills of 
the nutritionist, eai’diologist, neurologist, and neuropathologist have been ap- 
plied to the study of these patients. The following conclusions may be drawn. 

Beriberi heart disease in the United States is likely to be missed if 
follows strictly'the description given by Wenckebacli. Although the syndrome 
of a failing heart with signs of fast circulation occurs and gives a viwd picture, 
the more common type resembles any other type of degeneratiA'c heart disease. 
Therefore, other criteria liave been establislied to aid in tiie recognition o 
beriberi heart disease. Of greatest importance are (1) the elimination of other 
etiologic agents, (2) a thiamine-deficient diet for longer than three montlm, (o) 
the presence of other evidence for nutritional failure, iiarticulai’ly neuritis oi 
pellagra, (4) enlarged heart with sinus rhythm, (5) dependent edema, (6) d®' 
vated venous pressure, (7) minor electrocardiographic changes, and (8) re- 
covery with decrease in heart size or necropsy findings consistent ivith beriben 
but not with other types of heart disease. 

The onset Avas sudden in some ea.ses, gradual in othei’s, and healing 
eurred in the same fashion. The response to thiamine Avas not dramatic except 
ill one patient. The duration and severity of deficiency probably play'cd a pari 
in the reversibility or irreversibility of the process. 

In some instances the condition of the patient was critical at the time of ad- 
mission. Five of the patients died and necropsy Avas iierformed in three o 
these. In addition to lesions preA'iously reported for beriberi, degenerative 
changes were found in the central, peripheral, and autonomic neiwous systems. 
The outstanding lesions Avere (1) degenerative alterations in the cells of ta^ 
sympathetic nuclei and fibers in the lateral horns of the upper cemcal seg- 
ments of the spinal cord, (2) damage of the spinal cord roots, (3) fai’-adA'ance 
degeneration of the A’agus nerves and of some of the peripheral iieiwe trunks. 
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These lesions support tlie tlieorj^ that the sjudrome of beriberi heart disease is 
associated ivith neuritis, involving the central and peripheral autonomic nervous 
sj'stems. 

DISCUSSION 

Dr. Emmet F. Pearson’, Springfield, lU. — I shonld like to ask whether blood protein 
determinations were made on these patients? 

Dr. Gordon B. Myers, Detroit, Mich. — In some of our cases of beriberi we have found 
a sharp inversion of the T wave in Leads V, to V, which disappeared after thiamine therapj. 
Have you utilized multiple precordial leads in your cases? 

Dr. G. E. Wakerlin, Chicago, DL— Were blood pyruvic acid determinations made on 
tiiese patients? Also was vitamin B complex therapy employed in addition to thiamine? 

Dr. Vilter (closing). — In each instance there were some blood protmn studies; some- 
times we measured only the total protein. In practically every instance the semm protein 
was low. One could not say, however, there was a relative lowering of serum albumin. The 
total plasma protein was always under 6 and in most instances it was between 4.5 and 5. The 
dilution factor seemed more important than protein deficiency. 

In a few patients we made serial electrocardiographic studies. The electrocardiograms 
tended to revert to normal as the patient recovered, if he did recover. With progression of the 
disease there was no progression in tlie severity of the changes in the electrocardiogram. 

We did not make blood pyruvic acid studies in these patients. These studies extended 
over five years, and we did not use the pyruvic acid level as a routine clinical laboratory 
test. 

We did not use other members of the B complex group in treatment of the usual case. 
I think that is very important in control studies. In those cases in which it is feasible we 
like to have first a control period of observation with the patient at rest in bed in order to 
fell just what bed rest will do, since many previous investigators have simply reported that 
patients were put to bed and given thiamine. Thiamine itself, as I said before, did not give 
dramatic results. Bed rest alone may produce moderate improvement. After a suitable 
period of rest, we gave thiamine alone unless the patient was in a critical stage of nntiitive 
failure. If so, we used ascorbic acid, niacin, and other members of the B complex group. 
It is wise also to give some natural source' of B complex such as brewer’s yeast or crude liver 
extract to these patients since mi.ved deficiency is so much the role as to serve as one of the 
cntena for the diagnosis. -A.boTe all, the dietary should be restored and augumented so as to 
jueld from 3,000 to 4,000 calories, 120+ Gm. of protein, and adequate vitamins and minerals. 


POLLOW-UP STUDIES OF PATIENTS WITH CAEDIAC WOUNDS 
Paul H. Noth, jM.D., Detroit, jMich. • 

This group of patients witb penetrating cardiac wounds was restudied for 
the particular purpose of obtaining electrocardiograms at a late enough period 
so that the masldng effect of pericarditis should have subsided leaving patterns 
winch could be presumed to be due to the wounds themselves. The electro- 
rardiograpliie findings were compared with other clinical features. 

Eight patients were completely e.vamined by me at periods varying be- 
tween five and thirty-six months and averaging nineteen and four-tenths months 
0 owing llie wounds. Five complained of a variety of indefinite symptoms and 
iree lad no symptoms. However, the latter aU had abnormal electrocardio- 
grams, whereas three of the five patients with .symptoms had normal tracings. 
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Abnormal physical findings were absent in all except two patients. Venous 
pressure was normal in tlie seven patients tested for tliis. 

Ten patients had roentgenologic studies. Roentgenograms were entirely 
noi-mal in eight. Tlrree of these eiglit patients Jiad abnormal electrocardiograms. 
Two patients exhibited abnormal quality of cardiac pulsation as observed 
fluoroscopically. Both had abnonnal tracings. 

Twelve patients were followed eleetrocardiographically for periods averag- 
ing eighteen months. All had preeordial leads and nine had six precordial 
leads (Wilson type of central electrode) and augmented unipolar extremity 
leads. This group is a notable addition to the twenty-three eases of penetrating 
heart xvounds with published electrocardiograms recorded hi the literature, 
without ligation of a coronary artery, which were followed for tliree montlis 
or longer. The average follow-up period was only five and six-tenths months. 

In the present study four of the six patients with left ventricular wounds 
had abnormal electrocardiograins. All showed abnomalities of the T waves m 
Leads I and Vg, and sometimes also in Leads II, V^, and Vj. The electrocardio- 
gram of one of the three patients ivith right ventricular wounds was abnormal 
and showed incomplete right bundle branch block, right ventricular premature 
systoles, and T xvave abnormalities most marked in Leads V3 to V5. The eleetro- 
cardiogi’am of a patient whose wound was of the pulmonary vein and peri- 
cardium showed changes characteristic of acute pericarditis, apparently due to 
persisting empyema and complicating pericarditis. Two patients with less 
severe wounds not requiring operation liad normal timcings. 

In general, the electrocardiograms exhibit the most pei-sistent objective ab- 
normalities; consequently, they are of value as an indication of the need for 
some caution in the management of such cases. When the electrocardiogram 
was normal, other objective studies also were normal and the persisting symp- 
toms strongly' suggested a complicating cardiac neurosis. These late electro- 
cardiograms in this series and in the literature confirm the impression that heart 
wounds in themselves often produce localizing electrocardiographic changes and 
that these changes are usually' seen in the leads reflecting also the common types 
of involvement of the right or left ventricles, iilultiple preeordial leads may add 
useful localizing information. 


THE PRECORDIAL ELECTROCARDIOGRAJII IN HIGH LATERAL 
• MYOCARDIAL INFARCTION 

Francis F. Rosenbaum, M.D., Prank: N. Wilson, M.D., and 
Franklin D. Johnston, IM.D., Ann Arbor, Mich. 

Observations have been made in eight patients whose routine standard and 
preeordial electrocardiograms showed only slight or suggestive evidence of 
my'ocardial infarction, whereas more extensive exploration of the upper left 
anterior, lateral and posterolateral aspect of the thorax disclosed more diagnostic 
changes. Four of the seven patients gave a history' of acute coronary throm- 
bosis a few days to one y'ear prior to the observations. Two had moderately se- 
vere congestive heart failure and tw'o liad severe peripheral vascular disease; in 
these four patients the time of occurrence of the infarction xvas less certain. 
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In five patients the most characteristic changes of myocardial infarction 
were recorded in the vertical line of V3 and V4 but from one to three interspaces 
higher than the usual level; these ive have designated as high anterolateral 
infarction. In two patients the most marked changes occurred in leads from 
the anterior or mid-axillary lines but two or three interspaces higher than the 
usual Vj or \\-, these we have termed high lateral infarction. In one case the 
most striking changes were observed in records taken high in the posterior 
axillary and left scapular lines and were attributed to a high posterolateral 
infarct. The obseiwations made were not the same in all patients since only as 
the study progressed were the most advantageous points for exploration re- 
vealed. 

Some patients with high anterolateral or posterolateral infarction displayed 
either small Q waves, slightly inverted T waves or both, but others displayed 
only minor changes in the standard and unipolar left arm (Yi.) lead.s. These 
leads showed more significant changes in those patients with high lateral infarc- 
tion, suggesting that the involved area faced the left shoulder more directly. In 
the entire group of patients the routine precordial leads (Y^ through Yg) either 
disclosed some diminution in the size of the R waves or failed to show the usual 
rapid increase in size of the R waves as the exploring electrode was moved from 
right to left, but prominent Q or QS waves did not appear. 

It is suggested that observations of the kind reported here be made, not 
routinely, but in those instances in which the history, limb leads, or both are 
suggestive of myocardial infarction and in which the usual precordial leads 
fail to yield conclusive evidence of this condition. 

DISCUSSION 

Dk. GofffiON B. Mteks, Detroit, Mich. — About a year ago we encountered two patients 
who had diagnostic signs of infarction in Goldberger Lead aVi. with inconclusive findings in 
other leads. Both went to autopsy and a diagnosis of high lateral myocardial infarction 
was confirmed. Since that time we have made use of high axillary leads comparable to 
Doctor Bosenbanm’s, but no opportunity for further autopsy confirmation has been offered. 

In the interpretation of Goldberger Lead aV^, one must bear in mind that in vertically 
placed hearts the mitral orifice may face toward the left arm, resulting in the transmission of 
the potentials of the left ventricular cavity to the left arm, causing a Q wave and inverted 
T wave in Lead aVt- Tliis finding is more common when the electrocardiogram is taken in the 
recumbent posture and tends to di.'appcar when the electrocardiogram is taken in the sitting 
position. 


KIvECTKOCARDIOGRAPIIIC DIAGNOSIS OF RIGHT YENTRICULAR 
LESIONS WITH ESPECIAL REFERENCE TO THE FINDINGS IN 
THE YHLSON PRECORDIAL AND GOLDBERGER 
EXTREMITY LEADS 


Gonnox B. MvEms, M.D., and Bert E. Stofer, M.D. (By Inwut.vtion) 

Detroit, j\Lch. 

Tills slucly i.s based upon twenty cases in wliich an electrocardiographic 
m^iosLs of right ventricnlar hypertrophy was confirmed at autopsy and upon 
Of >'Onc additional cases in which an electrocardiographic diagnosis of "acute 
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riglit ventricular strain” was supported by the post-mortem finding of right 
ventricular dilatation which was associated mth extensive pulmonarj' infarction, 
consolidation, or atelectasis in twenty-two of the cases and was secondary to 
acute left ventricular failure in nineteen. The standard leads, together mth 
Vj, 4, fl w'cre taken on all cases; in addition, leads V,, „ 5 and the Goldberger ex- 
tremity potentials were taken on thirfj’-two cases. Post-mortem e.\'amination 
included injection of coronary circulation in thirty-two cases; determination of 
the ratios of the right and left ventricular muscle mass in thirty-eight cases. 
This series was augmented by a larger group of cases in which the diagnosis 
rested on clinical grounds. 


The electrocardiographic pattern of riglit ventricular hypotrophy is charac- 
terized by a prominent R xvave with late intrinsicoid deflection in leads V,, V, 
and aVn; a a-elativeh’- small S wave in V„ - and relatively large S wave in V5, 5; 
and depression of the RS-T junction with diphasic to inverted T waves in Leads 
usuall}^ V3. The finding.s were essentially the same in’espcctive of 
whether the right ventricular hypertrophy was secondary to congenital heart dis- 
ease, mitral stenosis, or chronic pulmonaiy disease. The electrocardiographic 
pattern of ‘‘acute right ventricular .strain” was characterized chiefly hy the 
abrupt development of sharply inverted T waves with convex RS-T segments in 
Vj, 2, 3 followed by rapid changes in serial curves. ‘‘Right ventricular strain 
was differentiated from anteroscptal infarction by the absence of Q wave pattern 
and by the fact that the T xvavc changes were less marked in V3 than in Vs an 
Vi. Right bundle branch block, which may also occur in association with right 
ventricular hypertrophy or ‘‘acute right v'entricular strain,” was not include 
in this study. 


DISCUSSION 

Dk. L. N. Eatz, Chicego, III. — I think Doctor Myers is to bo congratulated upin* 
analysis of a very difficult field. All of ns who liavc had e.vperiencc in electrocardiography h^re 
come to realize that we cannot readily diagnose riglit heart strain from the ordinary i® 
leads. Unless we know clinically that the right heart is enlarged it is often impossible e 
make the diagnosis from the electrocardiogram alone. Such a diagnosis of right heart stra® 
can be made from the limb leads if S, and Sj are very deep. The diagnosis can ' 

made from the appearance of the chest leads CF^ CF, and CFj, especially when the B/ 
ratio decreases from CF, to CF,. I am still reluctant to believe that the so-called usipoa’’ 
leads, which are really not unipolar, can be helpful. 


Dk. Francis F. Eosenbadji, Ann Arbor, Mich. — I feel that there are some 


situation^' 


in which the findings reported by Doctor Mj-ers and Doctor Stofer may be confusing, paj' 
ticularly in the differentiation of right ventricular Jiyportrophy and riglit bundle branch bloc^- 
This is especially the case ivhen wo are dealing with incomplete right bundle branch bloc'. 
We have not found that the unipolar lead from the right arm (Vn) is of particular help smoe 
large E waves are seen in this lead in both conditions. It is true that this E wave is 
sharp and peaked in right ventricular hypertrophy, whereas in right bundle branch bloc' 
it is more likely to be notched, broad, or slurred. 


Dr. Myers (closing).— We have had the same difficulty as Doctor Eosenbaum in 
tinguishing between the classical pattern of right ventricular hypertrophy and right incom 
plete bundle branch block. However, our cases of incomplete right bundle branch block v ® 
have come to autopsy showed right ventricular hypertrophy, so the distinction is mainly o 
academic interest. 
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IRREVERSIBLE AND SLOWLY EBVERSIBLB CHANGES IN SEVERE 

jMALNUTRITION 

Emmet P. Pearson, M.D., Springfield, III. 

Of the 567 white cinlian patients admitted with the primarj- diagnosis of 
malnutrition to the Hnited States Army hospitals in Manila after its liberation, 
many died in spite of efforts to reverse the degenerative processes. Other pa- 
tients slowly recovered from various physiologic disturbances and in some there 
was certaiu evidence of permanent tissue damage. . 

Among the degenerative processes observed were nerve changes; changes in 
the retinae, optic nerve, and lens, causing failing vision ; evidence of myocardial 
damage; skeletal muscle weakness; and certain evidence of damage to the 
■viscera. 

DISCUS.S10N 

Dr. C. r. ViiAER, Cittciimati, Ohio. — ^Doctor Blankeuhom asked me to discuss this paper 
for him because he had to leave. 

I would like to reply to the questioning of thiamine deficiency as the cause of beriberi 
heart disease in our patients. Although the plasma proteins of every patient were low, it 
seems obvious that this was due to the dilution, factor of cardiac edema rather than to 
primary protein deficiency. Although most of these patients were on a low protein, thiamine- 
deficient diet, the plasma proteins were restored to normal coincident with thiamine administra- 
tion and cardiac compensation, a much more rapid restoration, than could be afforded by dietary 
protein supplements. The single patient, who showed a dramatic cure following thiamine, 
exemplifies the fact that protein deficiency is not causal in the disorder. This patient had 
massive edema and the total proteins were 6.4 Gm. per cent. After three days on the control 
diet, she was given thiamine, and diuresis began in twenty-four hours. In a week she lost 
twenty-one pounds of edema fluid. Protein intake was low during this period. Stndies made 
m the past by Wenckebach, Weiss, Wilkins, Keefer, and many others have definitely indicated 
that thiamine deficiency is the cause of, and administration of thiamine the cure for, 
beriberi heart disease. 

I Would like to ask if Doctor Pearson has made any studies which determine that protein 
olono causes remission of beriberi. 

Dr. Pearson (closing). — All of the cases I saw that were called “wet” beriberi had 
bypoproteinemia. That is the only evidence I have to go on. I think Doctor Vilter stated this 
morning, that his patients with beriberi heart had bypoproteinemia, from 4 to 6 Gm. I be- 
bevo a finding of 6 Gm. is definite bypoproteinemia. One gram deficiency in the blood 
represents considerable deficiency in the body in general. I have not made any further stndies 
to dotermino whether hypoproteinemia with edema and beriberi are the same thing, but if all 
of group of patients -with beriberi have demonstrable hypoproteinemia, I consider that 
sufficient cndencc. The confusing thing is that most individuals who are forced^to remain 
on a. low thiamine diet are also on a low protein diet. These people at Santo Tomas had 
ot ling but a carbohydrate diet. One of the things that may happen when there is a pro- 
nged carbohjdrato diet without protein is a loss of the mechanism for digestion of protein, 
ic trypsin is measurably decreased. If the mechanism for protein digestion is not worked 
regularly, it will cease to be efficient. 
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THE TOTAL SOLIDS, PAT, AND NITROGEN IN THE FECES OP 
PERSONS WHO HAVE UNDERGONE PARTIAL GASTRECTOMY WITH 

ANASTOSIOSIS OF THE ENTIRE CUT END OP THE STOMACH 
TO THE JEJUNUM (POLYA ANASTOJIOSIS) 

Eric E. Wollaeoer, M.D. (By Invitation), JIandred W. Comfort, M.D., 
Jajies P. Weir, M.D., and Arnold E. Osterberg, Ph.D. 

(By' Inahtation), Rochester, JIinn. 

A small percentage of patients subjected to partial gastrectomy for lesions 
of the stomach and duodenum experience difficulty in gaining iveight after 
operation. The inability to gain weight appears to be due in part to the re- 
luctance of the patient, because of his distress, to take an adequate diet.^ How- 
ever, it seemed possible that inability to gain weight also might he due in part 
to impaired utilization of ingested food. This possibility led to the following 
metabolic studies. 

A series of thirteen persons Avho had not undergone gastric surgery were 
fed a diet containing 208 Gm. of fat, 97.5 Gm. of protein, 140.5 Gm. of car o 
hydrate and 2,823 calorics per day. A second scries consisting of ten persons w o 
had undergone partial gastrectomy vath anastomosis of the entire cut en o 
the stomach to the jejunum Avere fed the same diet. A third series of four per 
sons who had undergone partial gastrectomj' Avith anastomosis of the entire cu 
end of the stomach to the jejunum also AA-ere studied; these, hoAATA'cr, were 
Aveighed diets of loAver fat content. • These diets contained from 100 to 12 
of fat and from 90 to 100 Grri. of protein. The carmine marker technique was 
used to begin and to end the period of slud.A'. Seventy-tAvo-hour samples o 
stools Avere collected from the patients in Groups 1 and 2; longer periods o co 
lection Avere used in Group 3. The total solids, fat, and nitrogen Avere measure 
in all samples. 

Analysis of the data obtained disclosed the folloAving : 

1. Neai’ly all persons studied Avho had undergone partial gastric resection 
Avith anastomosis of the entire cut end of the stomach to the jejunum lost mor® 
fat in the stool Avhen taking either a diet containing a moderate or a ^8^ 
amount of fat than did those Avho had not undergone any operation on 
stomach. This loss occurred in patients Avho Avere not liaAong symptoms re 
able to the digestive tract but tended to be greater among patients Avho n 
postoperative digestive complaints. 

2. Some patients with partial gastrectomy and the anastomosis of the t)P® 
described lost more nitrogen in the stool than did those Avho had not had an 
operation on the stomach. 

3. In most instances the amoimt of fat and nitrogen in the feces in exce^ 

of normal was not large, but this higher excretion may be one of the causes o 
inabiHty to gain weight, especially Avhen the intalie of food is limited by ® 
patient’s postcibal distress. ^ 
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DISCUSSION 

Dk. Ewim E. Sevrisghads, 'Maaison, 'Wis. — 1 woiild like to ask if ia any of these 
patients there are any data indicating the value of special types of fat, such as milk fat com- 
pared rrith the other fats in the diet? 

De. G." E. TVakebun, Chicago, 111 . — VTas the effect of pancreatic enzymic preparations 
stndied in these partially gastrectomized patients? 

Be. Bobert M. Stecher, Cleveland, Ohio. — ^How many days postoperative were these 
studies made? Was there a variation with the increase in the time interval after operation? 

De. 'WOLii-VEGEE (closing). — In answer to the question concerning the utilization of 
different kinds of fat, we have tried only one tj'pe of diet in which the fat consisted of 
cream, butter, and meat fat. We have not studied the utilization of other kinds of fat. 

We have not done enough work with pancreatic preparations to make any statement about 
their effect in regard to the utilization of fat by persons who have undergone a gastrectomy. 
We studied one patient who had a rather large fat loss in the stool and an achlorhydria fol- 
lowing the Ewald test meal. He was given large doses of powdered pancreatin during one 
three-day period of study and the fat loss in the stool was reduced to normal amounts. We 
have studied no other patient in this manner. 

The length of time following operation that our patients with gastrectomy were studied 
varied from tliree months to eight years. 


THE EFFECT OF ALUJIINA GEL UPON THE ABSOKPTION OP 
NUTRIENT SUBSTANCES FROM THE INTESTINAL TRACT 

WiLLUM S. Hoffjian, j\I.D., and Hattie A. Dyniev\tcz, Ph.C. 

(By Invitation), Chicago, III. 

To study the possible effect upon intestinal absorption of therapeutic doses 
of alumina gel, tolerance curves were determined in hospital control subjects of 
wtamin A, ascorbic acid, glucose, fats, and amino acid, first under control con- 
ditions and then after tlie ingestion of alumina gel. In seventeen subjects, 
the Utamin A tolerance cmwes, obtained after ingestion of 75,000 I.U., were 
slightly but significantly depressed if 1 ounce of alumina gel (Ampbojel) was 
given simultaneously. • This depression did not occur if alumina gel was given 
every two hours for one or more weeks before the second tolerance curve was ob- 
tained. The depressed absorption (if that was the cause of the flattened curve) 
Was therefore not due to any tamiing action of tlie alumina gel. With aluminum 
phosphate gel no depression of the vitamin A tolerance cnrv'es was seen. That 
the slight depi'ession of Htamin A tolerance curves has no nutritional signifi- 
, ranee is indicated by the finding that in thirty-three patients ivith peptic ulcer 
wTio had been on alumina gel management for two or more weeks, the plasma 
vitamin A and carotenoid concentrations showed no deviation from the normal. 

Tolerance curve comparisons were made in twelve subjects for amino acids, 
"' twelve subjects for ascorbic acid, in fifteen subjects for glucose, and in ten 
•nijccls for neutral fat. In the first three, statistically insignificant flattening 
t le tolerance curves occurred ; in the case of fat, there was no demonstrable 
is possible that alumina gel, by reducing the amount 
aval a Ic phosphate, may interfere slightly with phosphorylation where that 
process is involved in intestinal absorption. 
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Announcement 

The Blood Transfusion Association of New York City will resume grants-in-aid for re 
search in the field of blood and blood substitutes in relation to transfusions. 

Those interested in obtaining such grants should write, giving full information concern 
ing their projects, to the Chairman of the Research Grants Coinmittco, 2 West lOGth Street, 
New York 25, N. Y. 

DeWitt Stetten, M.D., Pbesideni 



KEFLEX SHORTENING OP THE ESOPHAGLS ^ EXPER 

iIBNTAL ANBIAL WITH THE PRODUCTION OF 
ESOPHAGEAL HIATUS HERNIA 


P. L. DiJi-, M.D., N. 0. Gilbkrt, 3I.D., Ruth Tbump, B.S., 

R. C. RoSKEUiET, M.D. 

Chicago. Ihi.. 

T here are many reasons for Hie conclusion that esophageal hiatns herma is 
an acquired condition, occurring most frequently in the fourth deea e o 
life and later when the tissues about the hiatal oi-ifice have become more relaxed. 
In a laige part of the cases, an increase in intra-abdominal pressure may be as- 
.siuned to be the determining cause. 

But cases in which the hernia cannot be ascribed to an increase in intra- 
abdominal pressure do occur. These follow a pattern suggesting that some neuro- 
genie factor is valent. Von Bergmann and Golduer,* and, later, Hurst" sug- 
gested that in many eases the occurrence of hiatus hernia might be due to trac- 
tion of the stomach upward, due to a shortening of the esophagus in response 
to some vagal stimulation. Ton Bergmann and Goldner quoted esperiments by 
Kuckuck, showing that electrical stimulation of the vagus trunk, caused a_ longi- 
tudinal contraction of the esophagus in the rabbit, which was capable of pulling 
the stomach up through the hiatal opening in the diaphragm. 

This work was repeated in experiments upon the dog,® using Ulichel clips 
fastened to the stomach wall and the lower part of the esophagus to indicate 
their position in the roentgen plate. After control plates were made, the vagus 
trunk was stimulated electrically and pictures were taken during the stimula- 
tion. The esophagus was shown to be shortened by the stimulation of the vagus, 
and the stomach was pulled up to the diaphragm. These experiments were per- 
formed with the chest cavity closed, and the stomach was not pulled up through 
the hiatal orifice. Later, ivitb the chest cavity opened, the cardiac end of the 
stomach was pulled up through the hiatal ring. 

The present work was undertaken in order to determine whether or not 
'■ago-vagal reflexes could be elicited from mechanical stimrilation of the perito- 
neum and viscera of the upper abdomen, which would reflexly shorten the 
esophagus and produce an esophageal hiatus hernia. 

Bogs weighing between 7 and 10 kilograms were utilized in this study. The 
dogs w ere either decerebrated or else anesthetized by the method of Grehant, 
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whicli, ill our experience, is less prone to inhibit viscero-visceral reflexes than arc 
some other anestlicsias. A mechanical respirator was inserted in the trachea, 
and tlie vagi were isolated. With the dog on its riglit side, the left side of the 
chest was opened by resecting tlie ninth and tentli ribs, and a recording lever 
was attaclied to the esophagus, as shown in Fig. 1. A standard kj'mograph was 
utilized for recording deviations of the lever caused by shortening or lengthening 
of the esophagus. At the beginning of eacli experiment and at intcivals through- 
out the experiment, control readings were made by stimulating the left vagus 
nerve in the neck by means of a Harvard inductorium. 

A reflex shortening of the esopliagus by means of various stimuli was dem- 
onstrated almost invariably from stimulation of one source or another in the up- 
per abdomen. The ease with which these reflexes occurred varied inversely with 
the degree of depression caused by the dccercbration or the anesthesia and also 
with the absence of shock due to insufificient anesthesia. 

Mechanical stimulation of the peritoneum by scratching with a pointed m- ■ 
strument caused a reflex shortening of the esophagus in many of the animals. 
The elTect of such stimulation is shown in Fig. 2. In this figure, as elsewhere, 
contraction or pulling up of the esophagus is showm by the upstroke, and re- 
laxation or lengthening of the esophagus is shown by the downstroke. This 
reflex from irritation of the peritoneum was obtained in only some of the an- 
imals, but, in those in which it did occur, it was readily reproducible. 

Reflex contraction of the esophagus was most readily obtained by anj 
manipulation of the liver. The mei*c insertion of a finger between the leaves 
of the liver, such as in locating the gall bladder, was usually a sufficient stimulus. 
That the reflex was not due to peritoneal irritation is indicated by its occurrence 
in animals .in which a reflex was not observed by mechanical stimulation of t e 
peritoneum elsewhere. 

, Traction upon the right lobe of the liver also caused a reflex contraction 
of the esophagus independent of peritoneal iri’itation (Fig. 3). In apply’'S 
traction to the liver, the diaphragm was pulled down, and with it, the esophagus. 
The initial downstroke in Fig. 3 is due to the traetion of the esophagus down- 
ward by the initial traction upon the liver, and the upstroke is caused by the W- 
sulting reflex contraction of the esophagus. If very gentle traction upon t e 
liver was made, so as not to disturb the position of the diaphragm, a simi ar 
shortening of the esophagus occurred, but with no downstroke (Fig. 4). 

A reflex shortening of the esophagus also occurred if the muscle fibers of a 
small area of the stomach were stretched manually (Fig. 5). The demonstration 
of a reflex resulting from the manual stretching of a small area of stomach wai 
obviated the introduction of variables resulting fi-om the distention of the entire 
stomach. 

Reflex shortening of the esophagus also occurred as a. result of traction 
made upon the gall bladder or of overdistention of the gall bladder with norma 
saline solution, or from distention of the cystic duct by passing a fine artery 
snap into the cystic duct and spreading it (Pig. 6). 
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' COKCUUSiOX 

Shortening of tlie esopliagus with the production of a liiatiis heinia due to 
ti'action upon tlic stoniacli in tlie dog results from electrical stimulation of the 
vagus nerve or reflexly from stimuli having their oiigin in the viscera of the 
upper abdominal cavity. 
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A COJCPARISON BETWEEN THE VALUES FOR PLASMA OR SERUjM 
PROTEIN AS OBTAINED BY THE SPECIFIC GRAVITY 
AND THE DiHCRO-KJELDAHL IMETHODS 

Margaret A. Adams, B.A., aitd Alice N. Ballou, B.A. 

Boston, IMass. 

M any attempts have been made to perfect some simple and rapid method 
for the estimation of serum protein. The determination of nitrogen by the 
Kjeldahl procedure oifers the most accurate means, but since it is time consum- 
ing and dependent on special equipment and requires a certain amount of skill, 
it has not proved adaptable in many instances where protein determinations 
would have been of great value in the physiologic assessment of subjects. In 
1926, Barbour and Hamilton^ described an accurate method for determining the 
specific gravity of serum or plasma. Moore and Van Slyke,^ in 1930, found a 
high degree of correlation between the specific gravity of plasma and its protein 
content, and they expressed the relation betiveen them by the formnla : 


Total protein == 343 (specific gravity — ^1.007) 


Experience has shown that certain precautions are necessary for accuracy 
in determining specific gravity. In modifications of Barbour and Hamilton’s 
method in which mixtures of xylene and hromohenzene are used as the standard 
medium, care must he taken to pre%'ent evaporation of these volatile substances. 
In addition, the density of the standard solution of potassium sulfate or copper 
sulfate must he carefully cheeked. In the method described by Kagan,®’ * ac- 
curate results can be obtained if sufficient attention is given to maintaining 
drops of serum of uniform size and if the temperature is carefully controlled, 
hut accuracy may be reduced if these factors are ignored. 

Recently, Phillips and associates® described the use of copper sulfate soiu- 
tions of different known densities in which a drop of serum or plasma either 
rises or falls, depending on its specific gravity. This method seemed to he par- 
ticularly ^vell adapted for use in field laboratories or on shipboard since no pre- 
cision instruments arc requircgl. Uniformity in size of the drop is apparently 
unimportant, and no temperature correction is neee-ssary because the coefficient 
^ expansion of copper sulfate solutions approximates that of blood and plasma. 
Here again it is essential to use tlie utmost care in the preparation of the copper 
sulfate solutions of known specific gravity. 

lYhcn plasma is used, it is necessaiy to apply a correction factor for the 
anlicoagulant in tlic calculation of protein from the specific gravity. Experience 
m tills laboratory has led ns to tlie belief that many plasma specific gravity rc- 
su ts arc false because of inaccurate measurements of the volume of blood when 
a a^•T^ncc. For this rcn.son it is preferable to use serum instead of 
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Provided tlnf nii i- ^ accurate correction figure 

0°“ rS,'t to ‘y'lT »P««« e«v% 
close correlation between the <,oonir ® ^ ^'J'ctber or not there is always a 

1942, Loone 3 -« studied tiio relation hcllT ^ 

protein concentration in a IroZof tT " gravity of serum and 

a group of normal subiects. it foLd t mf tf •'^^"‘'^'’J’hrenia and also in 

to permit the use of specific ffro '?- 

protein estimations. Similar observations ^^terminations for accurate serum 
and associates.” On the other band Ac, 

Jn their experience the eopjier .sulf-Uc ' n * 1 "^ co-workeis>“ have stated that 
determining the specific gravity of Phillips and associates’ for 

stvoral Prol^.r'''^ 

since August, Mjg, bothlyThc mWlc'Tri '“■'“'s'*'!' 

specific gravitj- method of Philiins nn 7 ” ' nicthod and bj- the copper sulfate 

the.se comparisons have been ^”’»dred tivenlj'-eight of 

lat the technique used in fhk />•».«» Presentation liere, because it was felt 
7 vas used in all of these cases to criticism. Seram 

which might be caused by varfif/”^ 

l^jeldahl determination.s u-ore done oxalate concentration. The micro- 

sulfiirie acid, copper sulfate on 7 uith a mixture of concentrated 

Potapium persulfate as an oxidH,,^ sulfate, with the addition of 

ispllation was done witii a simnie e riinetj'-five of the reported eases, 

211 read in a Klett-Sunimerson ^rid the distillates were nesslerized 

determinations were distilled ivitli^n ® oe^ectrie colorimeter. Thirty-three of the 
were titrated using a Kehburo- ainnionia still, and the distillates 

s owed no significant ditferencoQ +i results of the two methods 

nitrogen determinations svere mncL considered together. Nonprotein 

. For the specific gravity ^ Polin-Wii method.^ 

ciates, the copper sulfate solutions”!!^?*’”® rnethod of Phillips and asso- 
10ns, and the final standards wero <.7, 'If**! Prepared according to their direc- 
erminations for the densitj' of the lot accuracj’- bj pycnometric de- 

protem was calculated from the density by 

Total protein - 343 (spedfle mX-I.OO?) 

An analysis of these 128 f>nm • 3 • /} 

the differences found between theZ7n7Z ^ 2. In Fig. h 

into groups covering 0.2 Gm. of methods are divided 

which closest agreement between tho c.e. of serum. The cases in 

center of the eliait, w'ith those in found are shown in the 

results at the left of the center, and thZ ■ ^«cthod gave lower 

copper sulfate metliod ivere higher at tho” figures obtained from the 

forty-five instances, or 35 per cent, the var' k **•'' 

by the t-wo methods did not exceed ±0.2 Gi7 behveen the results obtained 

• of protein per 100 c.e. of serum. 
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Fi(j. 1.— Diftcrcnces between total proteins by micro-Kjeltlahl ana copper sulfate specific gravity 

methods. 



Vic. 


VeiTtlnllrin of the serum total proteins by copper sulfate specific pravlty method with 
tho"e by the mlcro-KJoidehl method. 
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Duplicate miero-Kjeldahl results may be regarded as checks wlien the variations 
fall within this range, so that the two methods can be said to agree in forty-five 
of the 128 eases. In Fig. 1 are shown variations up to +1.4 Gm. of protein per 
100 c.c. of serum, with the larger discrepancies occurring in decreasing numbers 
of instances. 

In Fig. 2 is demonstrated the graphical correlation betAveen tlie serum total 
protein as determined by tlie miero-Kjeldahl method and the value obtained by 
calculation from the specific gravity of serum. It can be seen that the results by 
the copper sulfate method are scattered over a fairly wide range Avhen com- 
pared Avith the miero-Kjeldahl determinations on the same samples of serum. 
To plot the line x — x in Fig. 2, the miero-Kjeldahl results Avere diA'ided into 
groups covering 0.5 Gm. of protein per 100 c.c. of serum, and the mean copper 
sulfate A'alue for the sera falling AAdthin each one of these miero-Kjeldahl groups 
AAms calculated. It can be seen that betAveeh protein Amlues of 4.75 and 6.25 Gm. 
per 100 c.c. of serum the line x — ^x foUoAvs a straight line A'ery closely and that 
beloAV and aboA’-e these points there appears to be less correlation. HoAvcA'er, the 
greatest differences from the mean occur in this group of patients and a better 
evaluation of correlation may be obtained bj'^ calculating the coefficient of correla- 
tion by the method described by Mainland.^*' The coefficient of correla- 

tion for the Avhole series of 128 cases AA^as found to be 0.74. When the cases Avere 
divided into groups according to Ioav, normal, and high senim protein content 
by the miero-Kjeldahl metliod, the folloAving A'alues for the coefficient of correla- 
tion Avere obtained ; In forty cases having total proteins between 3.45 and 5.50 
Gm, per 100 c.c. of serum, the coiTelation coefficient for the tAvo methods Avas 
0.51 ; in seventy-nine AAith total protein content ranging from 5.50 to 7.00 Gm. 
per 100 c.c. of senun, the coiTelation coefficient aa'os 0.45 ; and in nine in Avhich 
the total protein Avas higher than 7.00 Gm. per 100 c.c. of serum, the coefficient 
of correlation Avas foimd to be 0.52. Apparently correlation between the tAVo 
methods did not A'ary greatly Avith the total protein content of the serum. It is 
to be pointed out that the last group of nine cases is too small to be of statistical 
A^alue. 

Inspection of the albumin to globulin ratio in 125 of the 128 cases studied 
suggests that either an elevated globulin or a decreased albumin may haA'-e 
some effect on the serum specific graAuty. The cases AA^ere divided into 
groups according to their albumin and globulin content as determined by 
the miero-Kjeldahl method. An albumin content aboA'e 3.0 Gm. and a 
globulin content beloAV 3.0 Gm. per 100 c.c. of seram Avere regarded as 
normal. Within each of these groups, the total protein A'alues as deter- 
mined by the tAvo methods Avere examined for differences not exceeding 
±0.3 Gm. per 100 c.c. of serum, Avhich is the degree of accuracy found by Phillips 
and associates® for the copper sulfate method. In 45 per cent of the cases in 
Avhich the albumin concentration Avas Avithin nomal limits, the total protein as 
calculated from the specific graA'ity did not vary significantly from the results 
obtained by the miero-Kjeldahl determination. Wlien the globulin content was 
normal, the results obtained by the tAvo methods agreed closely in 48 per cent of 
the cases. These figures are similar to those fo\And for the entire series of 125 
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casies in Avliich tlic albnniin and globulin were delennined. In 4-1 per cent of the 
125 cases, there wei’e no significant variations between the total protein values 
found by the two methods. 

In the groui) of sera having albumin concentrations below 3.0 Gm. per 
100 c.c., the specific gravity method agi'ced with the micro-Kjeldahl in only 38 
per cent of the eases. In all but one of the other cases of this group, the total 
protein calculated from the specific gravity was higher than that found by the 
micro-Kjeldahl determinations. lYhen the globulin content was above 3.0 Gm. 
per 100 c.c. of serum, close agreement between the two methods was found in 
only 31 per cent of the cases. The remaining cases of this group were found 
to be almost equally dirnded between those with increased specific gravity and 
those in which the specific gramty was decreased. 

Determinations of other blood constituents were not followed carefully 
enough in most of the cases in this group of 128 determinations to shed'uny light 
on the reasons for the observed variations between the Kjeldahl and specific 
grardty methods. 

Most of the patients were hospitalized because of bmms. A few of the 
determinations rvere done soon after the injur}% but more of them were on 
patients who had been in the hospital for long periods of time and were being 
followed because of interest in wound healing and nutrition. In the hope of 
finding some biochemical conditions whicli might have had some consistent effect 
on the specific gramty of seinun or plasma, the records of a larger group of pa- 
tients were studied with particular reference to low serum electrolyte content, 
the presence of shock, and hemoconceutration. In most of these additional cases, 
plasma had been used instead of serum for the protein determinations. 

In nine blood samples showing a low sodium content, the total protein as 
calculated from the specific gravity method did not differ from that obtained 
by the micro-Kjeldahl by more than ±0.2 Gm. per 100 c.c. of plasma in three in- 
stances. Two comparisons showed a higher protein as estimated from the specific 
gravity, the difference being -fO.26 and -fO.89 Gm. per 100 c.c. of plasma, re- 
spectively. In four instances, the specific graAity method gave lower values, 
and the differences Avere -0.21, -0.36, -0.45. and -1.00 Gm. of protein per 100 c.c. 
of plasma. 

Serum chloride Amlues lower than 99 meq./l Avere observed in seven samples 
0 ^ serum in which the protein A\-as determined by both methods. The data are 
given m Table I. No data were available in which extremely low chloride values 
Avere A third sample of serum is included for Case 3 to show that there 

s 1 a wide variation between the protein values obtained by the two methods 
the serum chloride had become normal. 

. . pl^ma proteins of fifteen patients in shock were compared by both 
aoTp^T scA-en of the fifteen, the protein values by the two methods 

werc^ greater than ±0.2 Gm. per 100 c.c.- of plasma. Four 

bv proteins higher by more than 1.00 Gm. per 100 c.c. of plasma 

other ^ gravity method than by the micro-Kjeldahl procedure. In the 

varvimr^^ specific gravity method gave loAver values, the differences 

rom .37 -l.sq Gm. of total protein per 100 c.c. of plasma. 
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Table I 


CASE 

BATE 

TOTAL PROTEIN 
BY 

JIICRO-KJELDAHL 
METHOD (OM. 
PER 100 C.C.) 

TOTAL PROTEIN 
BY 

CUSO, METHOD 
(OM. PER 100 
C.C.) 

VARIATION OF 
CuSO, FROM 
KJELDAHL 
METHOD 

CHLORIDE 

(MEQ./l) 

1 

10/27/44 

6.54 

6.17 

-0.37 

96.1 


10/28/44 

5.89 

6.93 

+1.04 

96.2 


10/29/44 

6.34 

8.00 

+1.66 

95.3 

2 

11/14/44 

5.56 

5.56 

0 

96.7 


11/15/44 

5.64 

5.49 

-0.15 

88.9 

3 

9/28/45 

4.32 

3.02 

-1.30 

88.5 


9/29/45 

5.41 

3.46 

-1.95 

94.5 


10/11/45 

6.67 

5.66 

-1.01 

104.6 


Both methods foi’ determining the total protein of plasma- or serum ivere 
used in thirty-six patients in ■\vJiom licmoeoncentration was observed. As shorni 
in Table II, the variations between values obtained bj' tlie two methods were 
distributed fairly evenly over a wide range, and it was impossible from this 
group of cases to draw any conclusions as to the possible effect of hemoconcentra- 
tion on the specific gravity of plasma or scrum. 


Table II. Patients 'With Heuoconcentration 


DIFFERENCE BETAVEEN TOTAL PROTEIN BY - 
MICEO-KJELDAHL AND CUSO, METHODS 
(GM. PER 100 C.C. PLASMA) 

NUMBER OF CASES 

CuSO, +0 to 0.20 

5 

CuSO, +0.21 to 0.40 

6 

OuSO, -0.21 to 0.40 

4 

CuSO, +0.41 to 0.60 

3 

CuSO. -0.41 to 0.60 

3 

CuSO, +0.61 to 0.80 

2 

CuSO, -0.61 to 0.80 

3 

CuSO, +0.81 to 1.00 

2 

CuSO, -0.81 to 1.00 

3 

CuSO, +more than 1.00 

5 

CuSO, —more than 1.00 

0 


If a larger number of cases were studied witli analysis for other blood con- 
stituents and with more careful observations of the patient’s condition, it might 
be possible to determine under what conditions it is safe to rely on the specific 
gravity as a means of calculating the serum protein. However, from our ob- 
servations of many random cases in which the protein content was estimated by 
both the micro-Kjeldahl and by the copper sulfate specific gravity method, it 
was impossible to draw any conclusions regarding the causes for variations be- 
tween the two methods. It is obvious from Figs. 1 and 2, which present a series 
of determinations in which meticulous laboratory technique was used, that it is 
unsafe to place too much confidence in serum protein values as estimated from 
the specific gravity when accurate determinations of protein are required. 

SUMMARY 

1. One hundred and twenty-eight cases are presented in which the serum 
protein concentration Avas determined by both the micro-Kjeldahl procedure and 
by the copper sulfate specific gravity method. 
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2. In fifty-five of the 128 cases, or 44 per cent, tiie differences between tJie 
total protein values by the two methods did not exceed 0.3 6m. per 100 c.c. of 
serum. The percentage of cases showing such agreement was .slightly lower 
when the albumin was below nomial or the globulin above normal. When 0.2 
6ni. per 100 c.c. is taken as the criterion for duplication, only 35 per cent of 
the cases showed such agreement. 

3. No conclusions could be d^a^vn as to the type of patient in whom the 
serum specific gravity is influenced by factoi's other than the protein content. 

4. The correlation between the specific gravity of serum and its protein 
content was found to be too low to permit the use of specific gravity determina- 
tions for reliable estimation of serum total protein. 

The authors vrish to thank Miss Dorothy Keller and Miss Jeanette Maioli, for doing 
many of the nitrogen and specific gravity determinations. 
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STUDIES ON STREPTOMYCIN*^ 

I. Assay in Body Fluids 

Second Lieutenant Joseph Forgacs, Sanitary Corps, First Lieutenant 
C. B. Kornegay”, Chemical Warfare Service, and Lieutenant (jg) 

T. F. Henley, Medical Corps, United States Naval Reserto 

With the TEcnNicAf/ Assistance of 

C. F. Redmon, PhM2c, L. A. Collins, PhjVI3c, and M, C. Chambers, PhM2c 

V ARIOUS methods of assa3'ing antibiotics described in the literature are for 
the most part modifications of the C3'linder-p]ate method of Abraham and 
associates' introduced as improvements on the original method. This is 
partieularly true of penicillin. Foster and Woodruffs summarized and discussed 
the principles, merits, and disadvantages of different baeteiioJogic methods for 
the quantitative determination of penicillin and recommended a modification 
of the Oxford cup method for routine assa3's. According to Schmidt and 
Moyer, ^ agar depth, stoek culture of the test organism, pH of the medium, and 
other factors influence results obtained when tlie cup method is used. A stock 
suspension of Bacillm suhtilis spores was recommended in preference to 
Staphylococciis aureits for penicillin assay by Foster and Woodruff.'* Similarly, 
B. suhtili^ -was emplo3'ed by these authors for streptotlu’iein assay." For con- 
venience and eeononi3', large P3"rex baking dishes were used by Epstein and eo- 
workers,® while Beadle, Mitchell, and Bonner found large, rectangular culture 
plates advantageous for speed and consistency in routine assa3'' Avork. 

Simplifications of the procedure for appl3dng the assay material to the 
agar surface have been reported. Cholden® used a rubber stopper technique to 
make depressions in the agar to hold the assay liquid. Filter paper disks, 
instead of cups, were used b3' Shenvood, Palco, and de Beer,® Vincent and 
Vincent,'® and Epstein and co-ivorkers.® 

Different streptom3’-cin assa3" methods have been suggested and described. 
The turbidiraetric method, the serial dilution procedure with EscJiencJm coU 
as the test organism, and the cylinder-plate technique using B. siihtilis cells or 
spores were suggested b3’- Waksman, Bugie, and Schatz." Heilman'^' recom- 
mended a modification of Fleming ’s slide-cell technique for estimating the con- 
centration of streptom3min in body fluids. This method ivas considered inferior 
to the cup-plate method for urine assa3% To determine the degree of inactivation 
of streptomycin and streptothriein b3'- cysteine, Denkelwater, Cook, and Teshler'^ 
employed the cup method for assa3'. Using as a test organism a strain of 
Staph, aurevs, Stebbins and Robinson'* found the cylinder-plate procedure satis- 
factor3" for the quantitatii'e determination of streptomycin in the blood. 

This investlffaUon was conducted at Camp IJetrick. Frederick. Md.. from December, 1044. to 
October, 1945. 

Received for publication. Feb. 20, 1946. 

•Streptomycin as referred to in this paper Is .streptomycin hydrochloride. 
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In the present report, a method is described for assaying streptomycin in 
body fluids, particularly in blood and urine. This method vras developed for 
investigating the absorption, excretion, and activity of the drug in human beings 
and in laboratory animals, and it appears to be accurate and convenient for 
assaying numerous samples. The results of the procedure are based on the rela- 
tionship between the diameter of the zone of inhibition and the amount of 
streptomycin diffusing into an agar plate seeded with a sensitive variant strain 
of B. s^cbtilis Cohn emend. Pra.smowski, Special assay agar was used.® 


EXPERIMENTAL METHODS 


Preparation of Spore Suspension . — 

Strain: A variant strain of B. subtilis Cohn emend. Prasmowski, desig- 
nated in this laboratory as the I strain, was chosen for the standard assay 
organism. It was preferred to several other organisms for the following reasons ; 
(1) It spoTulated readily on media used for spore produetion. (2) The 
viability of the spores was maintained better under the conditions of storage. 
(3) The zones of streptomycin inhibition were clearer and more defined. (4) 
The inhibitor}’’ action of normal blood observed when using B. suhtdis var. 
viscosus Chester, has not been obseiwed to date with human, rabbit, guinea pig, 
mo-use, and dog blood, whether normal or infected. 

Preparation of Inoculum for Spore Suspension: A pure culture was ob- 
tained by streaking the organisms (previously subeultured several times in 
dextrose broth) on dextrose agar, incubating at 37“ C. for twenty-four hours, 
and transferring several rough, granular colonics onto slants. The slants were 
incubated for forty-eight hours at 37° C., and from them a suspension was made 
and used for inoculating large dextrose agar slants in thirty-two ounce prescrip- 
tion bottles. These were incubated for forty-eight hours, and a 50 c.c. aqueous 
suspension of the organisms was made from each bottle for mass inoculation 
of the media to be used for spore production. 

Spor%ilation; Five cubic centimeters of the suspension described were added 
aseptically to beef heart infusion dextrose agarf slants in thirty-two ounce 
prescription bottles, stoppered with cotton plugs. Each bottle was tilted several 
times to facilitate inoculation of the entire surface of the slant. The bottles 
were incubated at 37° C. for approximately ten days, during which time they 
were examined grossly for contamination and microscopically for degree of 
sporulation. It was observed that a grayish-white, dry appearance of the 
colony' indicated sporulation. 


SUeptothricin Assay Asar, Dlfco laboratories. Incorporated. 

tBocf heart Infusion dextrose airar: 

Beef heart Infusion (dehydrated) 

(Beef he.art Infusion from 500 Gm. beef heart) 

(Bacto tryptose. 1.0 Ve) 

- (Sodium chloride. 0.5 et.) 

Bacto-peptone 
Bocto-apar 

Dextrose (chemically pure! 

Distilled mater (q.s. add.r 

rrcllmlnao' pH. 7.3 • float uM - a 
Autocl.avo, 16 pounds per 20 minuses 


2.5 ‘ 


1.0 Vo 
1.5 Vc 
1.0 

t.OOO C.C. 
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Removal and ^Yas^ling of Spores: After sporulation was almost complete, 
approximately 90 per cent, the grow^th was removed from the agar by adding 
approximately 5 Gm. of sterile glass beads and 10 c.c. of sterile 1.0 per cent 
phosphate buffer, approximately pH 7.0, and by rotating the bottle carefully 
from side to side. (By adding 5 6m. eacli of monobasic and dibasic potassium 
phosphate to 1 L. of distilled water, a 1 per cent buffer of the desired pH can be 
obtained.) The resulting slurry and beads were then transferred into a sterile 
Erlenmeyer flask, and the bottle containing the slant was rinsed twice with 5 
c.c. of sterile diluent. The suspension was shaken thorouglily and filtered 
through a sterile Buchner funnel containing sterile cheesecloth to remove the 
beads and bits of agar. The slurry was then dispensed into sterile centrifuge 
tubes, thoroughly mixed with a convenient quantitj' of the 1 per cent phosphate 
buffer, and centrifuged. This process of washing and centrifuging was repeated 
three times, and the washed spores were then transferred to a container and 
stored at 2° C. A sample was removed for microorganism count, after which 
part of the suspension was diluted to give the desired microorganism concentra- 
tion (preferably eighty million per cubic centimeter) and stored at 2° C. 

' A spore suspension, prepared in the manner described, has now been used 
successfully for ten months. Thus, small laboratories can be spared the burden 
of producing spore suspensions, since a standardized produet ean be prepared 
in a central laboratoiy and dispensed as needed. Furthermore, recent experi- 
ments indicate that the spore susi)ension can be lyophilized udth practically no 
loss in viability of the spores, facilitating ease of shipping. 

Assay Technique . — 

Preparation of Seeded Plates: For assaying, 200 c.c. of agar* were melted, 
cooled, and maintained at from 49 to 50° C. Prior to assay, the agar was seeded 
with B. suhtilis spores (approximately 400,000 spores per cubic centimeter of 
agar) and maintained at 50° C. until all of the air bubbles emerged to the 
surface. Portions of 25 c.c. inoculated agar were transferred to large, flat- 
bottomed Petri plates (150 bj' 20 mm.), using a 30 c.c. glass sjwinge, equipped 
Avith an automatic syringe filler to facilitate rapid pouring. Seeded plates 
were allowed to cool and harden for ten minutes at room temperature. Thej' 
were then dried uncovered at 50° C. for ten minutes to remoA'e condensed 
moisture and allowed to return to room temperature for ten minutes Avith covers 
partly open. 

It is essential that plating be performed on a level table to obtain a uniform 
depth of agar and that air bubbles disappear from the agar before it hardens. 
All timing should be carefully checked. 

Plates prepared for assay can be stored at 2° C. for future use. HoAV'eA^er, 
there is a loss of accuracy proportional to length of storage time. Such plates 
must be redried at 50° C, and then allowed to attain room temperature before 
use. 

Addition of Assay Material: Each plate selected for assay Avas superimposed 
over an- area marked on a level table so that assay disk padsf could be placed in 

•Difeo E-2 Streptothricin Assay Affar. 

tSchleicher and Schuell 740B one-half inch analytical filter pads were used for assay 

disks. 
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the same relative positiort on each consecutive plate (see Fig. 1). The material 
to be assayed was drawn into a 1 C-C. tuberculin ^'ringe, graduated in 
hundredths, carrying a 26-gauge, 1-inch needle. The sj-ringe was inverted and 
the air bubbles expelled, except in the assay of very dark fluids, where the reten- 
tion of a few small air bubbles aided materially in establishing a sharp line of 
demarcation at the base of the plunger. Using forceps, an assay pad was oare- 
iuily dropped onto the that, the smooth adc. of. the pad was in ecmtact 

with the agar surface, precisely 0.1o c.c. of fluid was then iinnicdictcly ejected 
from the syringe onto the pad. (In order to deliver O.lo c.c. of assay material 
accurately, it is necessarj' that the barrel of the syringe be grasped between the 
thumb and forefinger of one hand and that the plunger be operated -with a 
slight tivirling motion with the thumb and forefinger of the other hand.) This 



Fig. 1 — The pattern uied for superimposing seeded agar plates In order to place as'aj pads 
on the same relatKe position on each plate. 


procedure was carried out in quintuplet for all .samples assayed, one pad on 
each of fire plates. Using this procedure, samples of assay material sufficient 
to assay a scries of five plates previously poured and prepared can be completed 
in from fifteen to twenty minutes. A team of two persons is recommended for 
efficient assay operation with this procedure. However, one individual can 
successfully complete the operation, 

Incuiation and Reading of Assng Plate’s: The assay plates uere incubated 
for seventeen hours at from 28 to 30° 0., removed from the incubator, and the 
diameter of the rone of inhibition of growth measured (see Fig. 2). (Although 
assavs could be completed in cisht hours, a seventeen-hour incubation period 
was afioptefi Idt convenience.) l^cadings were recorded to the nearest 0.1 mm. 
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Values should be ivithln plus or minus 1.0 mm. of one another. For example, 
if five readings for any hypothetic value are 21.0, 21.6, 20.9, 21.4, and 22.7, the 
last value (22.7) should be discarded. The average reading of the diameters 
of the zone of inhibition for each .standard was plotted on graph paper against 
units per cubic centimeter for the respective standards. The diameter of the 
inhibition zone for any unknown assay sample was compared with the standard 
curve to give results in units of streptomycin per cubic centimeter of fluid. 

Any plate-counting apparatus can be used for reading the inhibition 
zones, provided it is equipped with a transparent graduated film ruled in 1 
mm. areas. The diameter can also be read with a millimeter rule, Ilowever, it 



Pjg:. 2. — Illustratlnfr the typo oC Inlilbltlon zone produced by atroptomycln, using- the pad 

method of assay, 

was found convenient to use a positive exposed negative of 1 mm. graph paper 
on lithographic film. 

Preparation of Standard Curves: Prior to treatment, a sample of body 
fluid, that is, blood or urine, was obtained for preparing a streptomycin standard 
curve. To aliquots of the selected fluid, varying concentrations of streptomycin 
were added and then assayed as previously described. The diameter of the 
resulting zone of inhibition was then plotted on graph paper against the cor- 
responding unitage (see Pigs. 3, 4, and 4A). For example, in following the 
blood level of streptomycin in a patient, a sample of blood was taken before the 
administration of the drug for constructing a standard curve on blood of that 
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particulai' person. Blood was collected in lithium oxalate (0.06 c.c. of a 3.3 per 
cent lithium oxalate solution per 1 c.c. of blood) and mixed. Then 0.9 c.c. of blood 
was accurately pipetted into stei'ile tube.s, and to each of these 0.1 c.e. of 
streptomycin solutions of given variable unitage was added. (In pipetting blood 
for preparing standards, the outer surface of the pipette must be wiped to 
remove excess blood after it has been filled and before delivery to the test tube, 
and blood must be allowed to flow slowly from the pipette into the test tube from 
the 0 to the 0.9 mark.) A blank was used as a check to determine possible nor- 
mal B. suhtilis inhibiting properties of the blood. "Water standards of strepto- 
mycin were prcpai'ed so that when 0.1 e.c. was added to 0.9 c.c. of blood or other 
liquid, concentration of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, and 10 units of 



streptomycin per cubic centimeter resulted for the low unitage curve, and up 
through 30 units per cubic centimeter in steps of 2 units for the high unitage 
cun-e. (Standard solutions in water must be made so that the resulting unitages 
are 5, 10, 20, 30, 40, etc. Thus, when 0,1 c.c. of each standard is°added°to 
0.9 c.c. of blood, the resulting unitage is decreased by one decimal.) Strepto- 
mycin standards from 0 through 6 units nerc placed on one series of five 
plates; standards from S through IS and 20 through 30 were placed on two other 
.scries, respectively. 


It IS recommended that until experience is gained with the metliod a com- 
plete standard curve siiould be run from 0 to 30 units per cubic centimeter. 
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This will necessitate obtaining a 20 c.c. sample of blood from the patient before 
administration of streptomycin. From experience with cori’clating blood levels 
and dosages, one can soon learn to select that portion of tlie curve that will be 
required to determine blood levels from a given dose. This will permit tlie 
use of a smaller blood sample for making the standard curve. Only a 1 c.c. 
sample of blood is required for determining the blood level of a patient in treat- 
ment. 

Fig. -t. 



Fig. 4A, 
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Tabi/E I. Variations in Ikpivtdual Standard Cdrtes 


streptomycin added 
(UNITS PEP. C.C.) 

1 DLIMETEP- OF ZONE OF INHIBITION (MM.) 

PATIENT D 1 

PATIENT E 

1 PATIENT P 1 

j PATIENT C 

0 

0 

0 

0 

0 

0.5 

15.8 

16.0 

16.4 

0 

1 

18.4 

20.0 

18.2 

15.8 

2 

20.4 

23.1 

22,5 

18.1 

s 

21.5 

21.7 

24.3 

20.5 

4 

21.8 

22.4 


21.G 

5 

22,0 

22.6 

22.5 

22.3' 

G 


23.4 

26.2 

22.4 

8 

22,4 

24.9 

27.4 

23.6 

10 

22,6 

23.5 

28,4 

5>4.5> 

12 



29,7 

24.7 

14 



30,2 

25.2 

16 



30.4 

25.7 

18 



30,6 

26.4 

20 



31,0 

26.8 

22 



31.9 

27.4 

24 



31.6 

27.8 

26 



32.5 



Streptomycin levels in urine were determined by the same procedure as 
for blood. Wheu high levels were anticipated (above 25 units'per e.e,), the 
urine was diluted with water. 

Data for standard curves for four patients treated with streptomycin are 
presented to illustrate the assay method and to demonstrate the necessity for 
individual standard curves (see Table I). Pig. 3 shows a typical standard 
curve. The semilogarithm standard curves on the blood and urine of Patient 
E-2 (Pig. 4 and iA) were used to estimate the very high drug levels. Although 
some work was completed dealing with the dilution of bloods containing high 
nnitages of streptomycin (40 units per cubic centimeter and above), sufficient 
data were not accumulated to warrant recommendations. Kesults plotted on 
semilogarithm paper show the curve to be a straight line function, and it is 
reasonable to assume that, for all praetieal purposes, sueh high nnitages can he 
determined. 


APPLICATION OF ASSAY TKCHNIQUE 

Application of this method for determining streptomycin levels in man 
and in various laboratory animals is discus,scd in a succeeding report.''^ This 
method has also been applied successfully to the assay of steeptothriein and 
other antibiotics. This method for streptomycin assay was adopted hv the 

Office of the Surgeon General, United States Army, on September, 1945, fw use 
m Army hospitals. , ^ i u-se 


StniMABY 

method for the quantitative determination of streptomycin and other anti- 
biotics in body fluids has been described in detail. 

In... New Yoric, N. Y., fo^r the ' t ^ 

of an antomaUc syrinRc filler; and the 

s^nefTWlions and careful eoldanco. cmenant Colonel Murray Sanders, for his kind 
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STUDIES ON STEEPTOiMYCIN*^ 

II. Blood Le\-els and Urinary Excretion in JLan and Animai^ 

First Lieutenant Gr. B. Kornegay, Chejiic.;!!/ AVaefake Seritce, Second 
Lieutenant J. Fokgacs, Sanitary Corps, and Lieutenant (jg) 

T. F. Henley, JIedical Corps, Untted States Naval Reserve 

"With the Technical Assistance of L. A. Collins, Ph3I3c, 

C. F. Redaion, PhM2c, and M. C. Chambers, Ph1I2c 

I N imGESTIGATIONS of the chemotherapeutic activity of streptomycin, both 
in laboratoiy animals and man, basic infoiTnation ivas needed concerning 
absorption of the drug by various routes and its distribution and excretion in 
several species of animals. At the inauguration of the experiments herein 
reported, a limited amoimt of infonnation, chiefly toxicologic, was provided by 
Jlerck Institute for Therapeutic Research.^ Slorc recently, data of other in- 
vestigators have been reported in the literature.-’ ^ A limited amount of addi- 
tional infonnation on the behavior of the drug in man is available but has not 
yet reached general circulation.^ 

A study of streptomycin in a variety of animal species was earned out pre- 
liminarj- to, or during, experiments designed to test therapeutic effectiveness 
of the antibiotic in specific bacterial infections. In addition, the use of the drag 
for treatment of infection in hospitalized patients pronded an opportunitj' for 
comparison of results of animal experiments with the findings in man. However, 
for present purposes, data relative to the effect of the antibiotic on the infectious 
diseases have been excluded from this repoit. In all cases, whole blood, with an 
oxalate anticoagulant, was used for .streptomycin determinations performed 
according to the method prcA-iously described.® 


PROCEDURE AND RESULTS 


Parenteral Administraiion . — ^Streptomycin blood levels were determined in 
the mouse, guinea pig, rabbit, monkey, and man. The drag was administered by 
subcutaneous, intradermal, intramuscular, intravenous, or intraperitoneal in- 
jection. 

Mice: Animals were weighed to the nearest 0.5 gram, and .graded doses of 
streptomycin in sterile distilled water were administered with a tuberculin 
sjTinge. The concentration of streptomycin solution was adjusted so that doses 
of approximatclj' constant volume were given. Following administration, blood 
samples were obtained by heart puncture from the etiierized or chloroform- 
anesthetized animal, and at the same time extracts of the liver, spleen, and kid- 
nejsvere made by trituration of each organ with sterile water and sand followed 


Thr.-o stnalc'! were conductcC at Camp D-.trick. AM., from December, J0I4. to Octob<'r 11*13 
Hocclvcd for publication. Feb. 20. lOJfi. 


by ••^^beptomyem hydrochlorld 


e and iras supplied 


5C3 
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Table I, Stkeptomycin Levels in Blood and Tissue Extracts op Mice* Pollob’inc 
Intramuscular Injection of the Drug 


time 

(hours) 

1 DOSE, 5,000 units per ko. 

dose, 10,000 UNITS PER KO. 

BLOOD LEVEL 
(units per C.C.) 

KIDNEY 

(UNITS PER ORGAN) 

H|||( 

KIDNEr 

(UNITS PER ORGAN) 

1 EXP. 1 

1 EXP. 2 

EXP. 1 

EXP. 2 

EXP. 1 1 

EXP. 2 

EXP. 1 

1 EXP. 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

% 

>10 

s 

5.0 

<2 

8 

8.5 

<0.5 


% 

>10 

9 

<0.5 

<2 

S 

0.5 

<0.5 

<2 

>10 

7.5 

0.5 

<2 

8 

. 8.5 

<0.5 

<2 

14 

>10 

G.5 

<0.5 

<2 

8 

6.5 

<0.5 

<2 

>10 

6.5 

<0.5 

<2 

6.5 

8.0 

<0.5 

<2 

% 

>10 

6.5 

<0.5 

0 

6.5 

6.5 

<0.5 

<2 

6.5 

1,5 

0 

<2 

-2,0 

6.5 

<0.5 

<2 

1 

4.0 

1.5 

<0.5 

0 

2.5 


<0.5 

<2 

5.0 

• 5.0 

<0.5 

<2 

4.0 

.3.5 

<0.5 

<2 

114 

3.0 

0.5 

0 

<2 

6.0 

.3.0 

<0.5 

<2 

3.0 

2.0 

0 

0 

2.0 

1.0 

0 

<2 


3.0 

0.5 

0 

0 

<0.5 

3.0 

0 

<2 

1% 

<2.5 

0,5 

0 

0 

2.5 

2.0 

0 

0 

1% 

2 

<0.5 

0 

0 

<0.5 

0.5 

<0.5 

<2 

2.5 

<0.5 

0 

0 

<0.5 

<0.5 

0 

<2 


<2 

<0.5 

0 

0 

0 

1.5 

0 

<2 


<2 

<0.5 

<0.5 

0 

<0.5 

0 

0 

0 


<2 

0 

0 

0 

0 

0 

0 

<2 

214 

<2 

0 

0 

0 

<0.5 

0 

0 

<2 

214 

<2 

0 

0 

0 

<0.5 

0 

<0.5 

<2 

0 



0 


0 


<2 


0 



0 


0 


<2 

2-yt 

0 

0 

0 

0 

<0.5 


0 

<2 


0 

0 

0 

0 

<0..6 


0 


3 

0 

0 

0 

0 

<0.5 

0 

0 

<2 


0 

0 

0 

0 

<0.5 

0 

0 

<2 

, 314 

0 



<2 


0 


<2 


0 



<2 

w 

0 


<2 

4 

0 



0 


0 


<2 


0 



0 


0 


<2 

414 

0 



0 


0 


<2 


0 



0 


0 


<2 

5 

0 



<2 


0 


<2 


0 



0 


0 


<2 

514 

0 



0 


0 




0 



0 


0 


<2 

6 

0 



0 


n 


<2 


n 



0 


n 


<2 


0 



<2 


0 


<2 


^/extracts of Il\-cr unG spleens negative in ever?' ease. 


by centrifugation (1 c.c. Y.’ater used for spleen and kidney; 2 c.e., for liver). 
Two animals were saci’ificed for each time interval, and separate determinations 
were made. The tissue extracts were assayed agahist standard curves of normal 
tissue extract supernatants of like concentration. 

The streptomycin levels in the blood and tissue extracts of mice, following 
intramuscular administration of the drug, are given in Table I. From Table I 
it can be seen that doses of 5,000 and 10,000 units per kilogram of streptomycin 
in mice produced a maximum blood level of 8 units per cubic centimeter, or 
above, and that the blood concentration of the drug dropped rapidly and dis- 
appeared about two hours after the injection. Of the organs assayed, the liver 
and spleen were negative at all times, and the kidney concentration was so low 
as to indicate that the drug was merely in a state preparatory^ to elimination. 
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Tabi.e II. Blood Levels of Stkeptomycix ix Guinea Pigs After Single Dose 

Administration 


SrETHOD OF 

ADillKISTRA- 


m 




m 

1 

m 


PI 

■ 

TION 

I.D. 


s.c. 

s.c. 

1 I.D. 


r.xr. 


S.C. 



DOSE 












(units per 

KILOGRAM) 

2500 

1 

2500 

3000 

5000 

5000 

5000 j 

10,000 ) 

15,000 

17,500 

20,000 

22,500 


BLOOD 

BI.OOP i 

BLOOD 

BLOOD 

BLOOD 

BLOOD 1 

BLOOD 1 

BLOOD 

BLOOD 

BLOOD 1 

BLOOD 


LEVEL 

LEVETi 

LEVETs 

LEVETa 

IJXEI. 1 

LEVEL 1 

LEVEI, 

LEVEL 

LEVEL 

LEVEL 

LEVETa 


(units 

(units 

(L'NITS 

t UNITS 

( UNITS 1 

(UNITS 

(UNITS 

(UNIT.S 

(UNITS 

(UNITS 

(UNITS 

TIME 

PER j 

per 

PEP- i 

PER , 

PEP. 

PER 1 

PER i 

PEE 

PER 

PER 

PER 

(hours) 

c.c.) 

c.c.) 

c.c.) 

c.c.) 

C.C.) 1 

c.c.) 

c.c.) 

C.C.) 

c.c.) , 

c.c.) 

C.C.) 

0 

0 

0 


5 

<5 

0 




' 



2.0 

1.0 

. 


0.5 


.xo 





' % 




- 



oTd 




- 








8.5 






.T.O 

2.0 

6.5 

1.2 

3.0 

.3.0 

6.5 

17.0 

20.0 • 

20,0 

18.5 

V .> 



5.5 




c.o 

15.0 


17.0 

19.5 




4.5 




10.0 

12 .D 


14.0 



'4.0 




3.0 

3.5 

6.7 





■ri 







0.0 












S .5 







.1.0 

5.2 

4.7 

4.5 

4.0 

O.D 

21.0 

26.0 

20.5 

22.5 

1 



5.7 




7.0 

15.0 


21.5 

26.5 




6.5 




9.0 



15.0 



4.0 








20.5 

23.0 

26.0 








7.5 

19.0 


2.3.0 

23.0 








>10.0 



20.5 


iVj 

2.5 

2.5 

4.7 

4.7 

0.5 

4.5 

C .5 

21.7 

25.0 

21.6 

26.5 



4.7 




6.5 

15.0 


23.5 

26.5 




7.2 - 




>10.0 



17.0 



.^.5 


4.0 

3.7 


3.5 

8.0 

16.3 

20.5 

23.0 

23.0 




4.5 




7.0 

11.5 


21.5. 





7.2 





10.0 


19.0 


- 





5.5 


8.0 





2 V 4_ 







8.0 

18.5 


19.0 










16.0 


2.3.0 


2'X.. 




515 


1.0 

7,5 











7.0 

10.0 


19.5 












20.5 



n.o 


4.5 

4.0 

5.0 


575 








3.2 












4.7 





1.3.5 





?,.o 

1.5 

2.5 

2.5 



7.5 




- 

"'/j 



.3.2 





. 







7.0 









4 

0.0 

1.0 

.3.5 

2.7 


2 A 

7 A 








O O 







* 


■iVi 

.“i.O 

1.0 

2.5 

o o 


1.5 

6.5 







^ 2 









n O 


4.0 


G..-5 


tf.O 


r.v. 


0 


1.5 


4.0 

4.7 

2.7 

4.0 

5.0 


5.5 

0.0 


l.n...lntrmlcrmal: I.p.. lntniperHonc:il ; .S.C..-SubcuL-infOus : I.m!. lntramu.-:cular! 

O' of ■npproVimntoVv'from^^Vo KiOney extracts po-iltlve 
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KORNJCGAY, FORGACS, AND HENDEY 


Guinea Pigs: Aninials wore wciglied to tlie nearest 5 grams, and strep- 
tomycin in sterile distilled water or sterile 0.85 per cent saline solution was ad- 
ministered by tuberculin sju'ingc. Blood samples for ;issay were obtained at 
varying intervals by heart puncture, generally under pentobarbital sodium 
anesthesia, which was found not to aft'ect the test. Cheek rans were made with- 
out anesthesia. In order to maintain blood volume, 5 per cent glucose in 0.85 
per cent saline solution Avas given to the animals at periodic intci'vals. When 
using large animals, individual standard euiwcs were prepared for each, but this 
proved undesirable for smaller guinea pigs duo to blood depletion. For such 
animals, a standard curve of pooled guinea pig* blood was prepared and used 
for several animals. Blood levels of strcptomyciji in guinea pigs, following 
administration of graded doses of the drug by various routes, are given in 
Table II. These results indicate that the rate of absorption of streptomycin 
varied with the route of administration. Variations in blood levels were ob- 
served Avith changes in dosage, hut the relationship Avas not directly proportional. 
The drug Avas found in the blood as late as six hours after injection. 


Table III. Typicai, Blood Levels in Rabbits Folloaving iNTRAMDScuLAr, Injection of 
10,000 Units peu Kilogiiam op Stkeptohycin 


BABBIT 3a81 


1 STREPTOJIVCIN 


STREPTOJIYCIN 

HOURS AFTER j 

BLOOD LEVEL* 

HOURS AITER 

BLOOD LEVEL 

INJECTION 1 

(UNITS PEP. C.C.) 

1 , INJECTION 

(UNITS PER C.C.) 

0.5 

>10 

3.5 

4.5 

1 

>10 

4 

4.0 

1.5 

>10 

4.5 

3.5 

2 

0.2 

5 

4.0 

2.5 

5 

5.5 

2.5 

3 

4 

6 

1.5 


•Blood level determined in oxalated whole blood. 


BabMts: Although the ralibit lias been the chief source of supply for blood 
Avhen checking standard curves for A-arious changes in the assay method, com- 
paratively fcAV data have been obtained on correlation of blood level Avith dosages 
of streptomj^cin. IIoAveA^er, the aimilable data indicate that the rabbit reacts 
to streptomycin more like the guinea pig than the mouse. Thus, it appears to 
be able to retain the drug sufficiently to permit administration at from three- 
to four-hour intervals. Typical streptomycin blood IcA'els obtained in a rabbit 
folloAving intramuscular injection of 10,000 units per kilogram are given in 
Table III and Avere found to range from above 10 units per cubic centimeter at 
one-half hour to 1.5 units per cubic centimeter at six hours. Blood samples for 
analysis AA'cre obtained from the marginal ear vein. 

Monkeys: Tavo animals Avere injected intramuscularly A\dth 1,250 units per 
kilogram of streptomycin. The blood of one of these animals Avas assayed for 
streptomycin le\mls at frequent intenmls for three hours, and the second animal 
Avas studied for six hours. Results arc given in Table IV and indicate that the 
monkey blood level ranged from 2.5 units per cubic centimeter at fifteen minutes 
to less' than 0.5 unit per cubic centimeter at five hours after the injection, Avith 
later samples being negative. 
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Table IV. Blood LiEvels in Two Monkeys Following Inteamusculak Injection 
OF 1,250 Units tef. Kilogeam of Steeptosiycin 


HOURS AFTEE 
INJECTION 


STEEPTOJIYOIN BLOOD LEVELS* 


MONKEY 49 


MONKEY 50 


0.25 

0.5 

0.75 

1 

1.5 
2 

2.5 

3 

3.5 

4 

4.5 

5 

6 


i 


1.25 

0.75 

0,5 

0,4 

0.4 

0.4 

0.4 

0.4 

0.4 

0 


2.7 

2.5 
2.2 

1.7 

1.5 
1.0 
1.0 
0.7 


•Blood level determinations made on oxalated whole blood. 
tDeterminatlon not made. 


Table V. Aveeaoe (Sk Pads) Zone iNHismoN or Steeptomyctn in Blood of 
Eefeeimentally Infected Monkeys; Figupes for Plotting 
Individual Monkey Standard Curves 


streptomycin added 
(units pep. C.C.) 

DUilETEE ZONE INHIBrnON (MM.) 

MONKEY 

1 49 1 

57 1 

61 1 

63 1 

66 1 

67 1 

1 71 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

T* 

16.5 

16.7 

16.8 

16.6 

T 

T 

0.5 

17.4 

17.9 

19.2 


18.7 

17.7 

17.4 

1.0 

20.3 

20,1 

20.5 

21.3 

19.8 

19.7 

19.6 

2.0 

21.9 

t 

21.3 


21.5 

21.4 

21.7 

3.0 

22,7 

23.4 

22.2 

23.9 

22.0 

22.7 

23.0 

4.0 

23.4 


22.5 


22.8 


23.5 

5.0 

23.7 

24,1 


24.9 

23.5 

24.1 

24.0 

6.0 

24.3 


23.7 


23.8 


24.5 

8.0 

24.8 

24,6 


25.4 

24.0 




•T, Trace Quantity. 

•Number of point.s determined for .standard curve limited by quantity of blood available. 


Following the.se experiments, streptomycin blood levels were followed in 
seven monkeys, five of which liad been experimentallj* infected, the remainder 
serving as drug controls. The .same dose as mentioned, that is, 1,250 units per 
kilogram, was given eveiy three liours for nine days by intramuscular injection. 
In Table V are presented the data used for establishing the individual standard 
curves for each monkey and the individual variability in reaction between blood 
and strcptomj'cin is shown. In Table VI are shoivn the daily blood levels of the - 
animals and in Table VII, the rate of di.sappcarance of the drug from the blood 
stream of individual animals after the Ia.st injection. Additional evidence of the 
individual reaction of animals to .streptomycin with variation in daily blood 
levels, as well as in the rate of disappearance of the drug, is also shown in Tables 
VI and VII. 

Man: In the preliminarv- .studies several standard cun-es were made for 
normal human beings, but (he blood level of streptomycin from parenteral ad- 
ministration was followed in only four patients, and urinary excretion was 
determined on two of these patients. In Table VIII is .summarized the strepto- 
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Table 'VII. Bate of Disapfeakance of Streptomtcin Frou Blood of Moxkets After 
Last Intpamusctjlab In'jectiok of Drdg; Blood Levels in* TTkits per 
Cubic Centimeter 


MONKEY 


TIME 

AFTER LAST 

INJECTION 

(HE.) 



0.5 1 

3.0 

1 6.0 

1 9.0 

1 12 

18 1 

24 

57 

5.8 

1.0 

0.6 

T* 




61 

>6 (8.0) 

1.6 

0.6 


T 

T _ 

T 

63 

5.6 

0.5 

<0.5 

T 

T 

0 

0 

66 

>8 (8.3) 

0.7 

T 

T 


0 


67 

4.2 

1.6 



0 

0 

0 


•T, Trace quantity. 


Table VIII. Streptomycin Blood Levet.s in Patients Under Intensive Tiiefapy Course of Drug* 


PATIENT ONE 1 

1 PATIENT TWO j 

1 PATIENT THPETE j 

1 P.VTIENT FOUR 

DAY 

HOURS 

BLOOD 

DAY 

HOURS 

BLOOD 

DAY 

HOURS 

BLOOD 

DAT 

HOURS 

BLOOD 

OF 

AFTER . 

LEVEL 

OF 

AFTER 

LEVEL 

OF 

AFTER 

LEVEL 

OP 

AFTER 

LEVEL 

TREAT- 

INJEC- 

(UNITS 

TREAT- 

INJEC- 

(UNITS 

TREAT- 

INJEC- 1 

(enits 

TREAT- 

INJEC- 

(units 

MENT 

TION 

PEE C.C.) 

MENT 

TION 

PER C.C.) 

MENT 

TION 

PER C.C.) 

MENT 

TION 

PER C.C.) 

1 

Vii 

1.2 




1 

If 

6.0 

1 

It 

1.1 


It 

2.0 





2t 

6.0 


2t 

1.9 


2t 

1.0 





3f 

4.0 


3f 

2.6 


3t 

1.1 


- 



1 

8.5 


1 

2.0 


Vi 2.1 


2 

3 

1.2 

2 

3 

1.3 

2 

3 

8.0 

2 

3. 

2.3 


1 

1.6 


Vi 

2.1 . 


1 

9.0 


% 

7.4 





% 

3.1 











% 

2.1 











1 

2.5 











V/j 

1.6 











«> 

o 

1.0 







3 ' 

1 

2.1 

O 

2Vj 

. 1.1 

3 

n 

10.5 

3 

3 

3.6 


3 

1.6 


% 

1.0 



11.0 


% 

-. 7.4 


% 

2.0 






4 

3 

2.0 













3.6 

5 

o 

<1 

3.0 







5 

O 

8.5 


1 

1.4 








O 

tJ 

4.0 


0.9 

0.7 

O.t) 

<0..'5 


1 

3 

1 

.3 

5 

7 

9 

2-S 


3.1 

7.2 
AS 

5.3 

5.7 
2.S 
1.9 

1.7 

Trade 


•Courses of therapy were a? follows: 

StoppS^M^j. Totaf do^sc^lAtoVoO^'^^^^^ isi®'*'* intramuscularly cveo' three hours. 

Stoppe^f^d" !vSn"’2L m?*" To"t^"dos?.'^S 10 ! 600 ®ulfts?®'LS? evc-rj- three hours. 

Intravcnou.sly. drip, midnight. Then 1.000.000 ■■ ■■ ■..■ ■ ' dri:f ’c%xrv six 

10.75C).o'’oO imUs. "" Intravenously v.as civen.*^ ToLy^dose! 

FtoppS®‘7"^Ml: J^-^'2l?MV5r' Total do!s?.^5l?00.0D0"n?li.^®Lb?2l":^ intramuscularly every three hours.' 
tHf iomilnallon'5 foUowlnK flr5t Uo?c of dmp. 
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Table IX. Daily Dkinaby Excretion of Streptomycin by Two Patients During and 

After Intensive Therapy* 



1 patient 3 

j PATIENT 4 

DAY AFTER 

urine 

URINARY 

URINE 

URINARY 

treatment 

VOL. 24 HR. 

excretion 

VOL. 24 UR. 

1 EXCRETION 

begun 

(C.C.) 

(units) 

(C.C.) 

1 (UNITS) 

1 

675 

241,383 

1,830 

819,000 

2 

510 

218,700 

925 1 

509,083 

3 

940 

677,980 

1,300 

552,933 , 

4 

1,700 

744,600 

1,550 

888,606 

5 

2,950 

1,023,400 

1,825 

773,219 

6 


t 

1,400 

645, 

,766 

7 

1,350 

578,700 

1,730 

625,107 

8 

1,3005 

180,266 

1,700} 

727,600 

9 

1,100 

23,137 

1,350 

179,550 

10 

2,900 

21,605 

1,200 

27,040 

11 

1,900 

18,113 

1,350 

11,250 

12 

1,450 

5,520 

1,400 

5, 

600 

13 

2,150 

7,525 

1,375 

9,625 

14 

2,500 

9,750 

2,025 

8,100 

15 

1,700 

.5,780 

1,500 

5,550 

16 

1,750 

4,200 

1,050 

1,890 

17 

1,550 

4,340 

1,050 

2,805 

18 

1,750 

3,150 

2,000 

1,800 

19 


J 

2,100 

2,205 

20 

1,850 

3,700 

1,500 

1,350 

21 

2,020 

4,243 

1,800 


340 

22 

1,350 

1,350 

1,575 

T 

1 

23 

1,400 

2,520 

1,375 

T 

1 

24 

2,000 

1,200 

1,425 

T 

i 

25 

2,000 

1,600 

S50 

T 

! 

26 

2,000 





27 

2,300 

7,130 




28 

2,390 

1,195 




29 


0 




Total recovered 


4,691,087 



Total adm. 


15,570,000 




•For course of therapy, sec footnote* of Table VIII. 


tTwelve hour sample. 

JNo determination made, 

STreatment stopped. 

llTrace; impossible to read accurately due to urinan- contamination of Fseudomonos sp. 
that was also inhibitory to Bacitlua subtilis. 


mycin blood levels of fovir patients under treatment, the clinical results of ivliich 
will be reported elsewhere. Daily urinary excretions of two patients are given 
in Table IX. The results presented in Table VIII indicate that in human beings 
a dose of 30,000 units of streptomycin every three houre by intramuscular injee- 
tion would provide a blood level of from 1 to 2.5 units per cubic centimeter and 
that the blood level can be increased by increasing the dose. In Table IX it is 
shown that large amounts of the drug are eliminated by the kidney, but with 
daily variations. Further, urinary contamination interferes with the accuracy 
of the method. 

In order to check the assay methods statistically for correlation from human 
being to liuman being, the data.used for establishing thirteen indivudual standard 
curves are presented in Table X, and a statistical analysis of these data for 
points up through 10 units per cubic centimeter is shown in Table XI. Although 
doses now used for therapy frequently result in blood levels higher than 10 units 
per cubic centimeter in human beings, the data presented indicate that the 









STREPTOMYCIX 11 


531 


Table X. Data fop. Peepaf.ation or Standap.d Cueve fop. Trap.xnEK Humai,' Beings 


PATIENT 

QUANTITY 

STP.EPTOiIYCIN ADDED TO 

WHOLE BLOOD (UNITS FEB CUBIC CENTUIETEP.) 

0.5 1 

1.0 

1 2.0 1 

1 3.0 

1 4.0 

I 5.0 1 

6.0 

1 8.0 

1 10.0 

1 

17.4 

18,8 

20.0 

22.1 

22.8 

23.0 

23.7 

24.6 

25.0 

o 

16.3 

18.4 

19.9 

20.9 

21.5 

22.2 

23.0 

23.4 

23.3 

o 

C> 

17.4 

18.9 

20.3 

21.5 

22.4 

23.2 

24.1 

23.9 

24.0 

4 

18.7 

19.9 

21.4 

22.1 

♦ 

22,7 


23.8 


5 

18.2 

19.3 

21.2 

22.1 

22.8 

23.5 

24.1 



6 

16.6 

17.9 

20.2 

21.2 

22.0 

23.3 

23.1 

23.5 

24.6 

7 

15.S 

18.2 

20.4 

21.5 

21.8 

22.0 


22.4 

22.6- 

s 

Trace 

19.3 


22.7 


24.4 

26.1 

25.4 

27.2 

D 

16.0 

20.0 

21.1 

21.7 

22.4 

22.6 

23.4 

24,9 

25.5 

10 

18.0 

21.1 

23.4 

24.5 

25.5 

25.1 

25.4 

25,3 

26.4 

11 

15.1 

20.8 

24.0 

24.3 

26.9 

27.9 

27.6 

28.7 


12 

16.4 

18.2 

22.5 

24.3 


25.5 

26.2 

27.4 

28.4 

13 

0 

15.8 

18.1 

20.5 

21.6 

22.3 

22.4 

23.0 

24.2 


•Determination not made. 


Table XI. Statistical Analysis of Data Used in Establishing Standap.p Cup.ves foe 

Tiiip.teen Human Beings* 


CONCEN- 

TPA.TI0N 

KTJXtBER 

OF 

OBSERVA- 

TIOKS 

STACTAED 

DEVIATTO>r 

STANDARD 
EPJiOP. OF 
MEANS 

MEANS 

MEANS 
MINUS 2 
STANDAFJ) 

EPJiOP.S 

MEANS 
PLUS 2 
STANDAFJ) 
EPF.OP.S 

COEFFI- 

(XEE^'T 

OF YABIA- 
TIO^■ 


11 

1.154 

0.348 

16.945 

16.249 

17.641 

6.81 

1.0 

13 

1.377 

0,382 

18.969 


19.733 

7,26 

2.0 

12 

1.632 

0.471 

21.042 


21.984 

7.76 

3.0 

13 

1.328 

0.368 

22.262 


22.998 

5.96 

4.0 

10 

1.792 

0.567 


21.836 

24.104 


5.0 

13 

1.672 

0.464 

23.669 

22.741 

24.597 


6,0 

11 


0.492 

24.464 


25.448 

6.67 

8.0 

12 

1.833 

0.529 

24.692 



7.42 



1.764 

0,558 



26.286 

7.01 


•Courtesy of Ensign M. R. Zelle. 


method is reliable, and to date standard cur\'es through 24 unite per cubic centi- 
meter have been made tvithout serious difficulty. 

Oral Administration . — To test the absorption of streptomycin from the 
gastrointestinal tract, the drug was given orally to mice, rabbits, dogs, and man. 

Mice: For oral administration to mice, a tuberculin sjuinge fitted with a 
long, smoothly blunt, 18-gauge needle v>a.s used. The drug was dissolved in 
sterile distilled water to a concentration such that a mouse weighing 20 grams 
would receive 0.5 c.c. Animals receimng the same quantity of saline by the oral 
route were sacrificed for controls. Blood samples were obtained by Iieart punc- 
ture of anesthetized animals 0.25, 0.5, 1.0, and 1.5 hours after administration. 
In no case was streptomycin detected in the blood of the twenty animals given 
the dnig orally. 

JtabUts: Two animals were given 10,000 units per kilogram of .streptomycin 
mixed with oil of thcobroma, U. S. P., and contained in gelatine capsules. For 
administration, a stomach lube of .sufficient diameter to pa.ss the capsule was 
used. Blood samples were obtained from the marginal ear vein at frequent 
inten-als. At no time was a detectable quantity of streptomycin found in the 
blood of either rabbit. 
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Table XII. Oral Administration of STREprojn'CiN in Dogs Using Various Vehicles; 
No Significant Blood Levels Attained 


DOG 

SEX 

WEIGHT 

(kgO I 


OBSERVA- 

TION 

TIME 

(HR.) 

VEHICLE FOR ADMINISTRATION OF DRUG 

B 

M 

12 


0 

Oil of thcobroraa plus nleohol 

L 

F 

20 

0,250 

0.5 

Oil of theobroma plus nlcoliol 

B 

M 

12 

0,000 

7 

Oil of tlieobroma 

L 

F 

20 

0,000 

7 

Oil of tlieobroma 

L 

F 

20 

10,000 

3 

Ampliojcl,* 5 C.C., 15 min. before drug 
(drug as powder in gelatin capsule) 

P 

JI 

21 

10,000 

3,5 

Amphojcl,* 5 C.C., 15 min. before drug 
in oil of tlieobroma plus alcohol 

L 

F 

20 

10,000 

5 

Acacia emulsion (0/W) of corn oil, H-O, 
alcohol 

P 

M 

21 

10,000 

5 

Drug dissolved in milk 

J 

M 

S 

10,000 

3 

31,0 containing 1 Gm. disodium phosphate 

B 

F 

10 

10,000 

5 

HiO containing 1 Gm. sodium citrate 


M 

8 

10,000 

C 

lIjO plus alcohol (1 c.c.) 

G 

F 

8 

10,000 

C 

H-O plus alcohol (2 c.c.) 

B 

U 

12 

10,000 

0 

HjO plus alcohol (3 c.c.) 

J 

M 

8 

10,000 

7 

Lanolin emulsion (W/0) of corn oil, water 

G 

F 

8 

10,000 

7 

Lanolin emulsion (W/0) of com oil, water 

R 

F 

10 

10,000 

0 

Volk of egg 

L 

F 

20 

10,000 

0 

White of egg 

J 

M 

10 

10,000 

0 

White of egg 

G 

F 

10 

10,000 

0 

YoIk of egg 


•John Wyoth & Brother, Inc.. Philadelphia, Pa. 


Bogs: Seven dogs were employed to test the suitability of several vehicles 
for aiding absorption of streptomycin after oral administration, and the results 
arc summarized in Table XII. In no case was a detectable quantity of strepto- 
mycin found in the blood, but random urine samples from untrained dogs 
showed detectable and often considei'able urine levels of the drug. 

Mail; One volunteer was administered 500,000 units* (6,666 units per kilo- 
gram) of streptomycin orally in each of two doses three hours apart. The drug 
was mixed with oil of tlieobroma, U. S. P., and inclosed in gelatin ca]i.snle.s. Blood 
sample.! 0.5, 1, 2, and 3 hours after each dose were negative for streptomycin, 
but hourly urine samples did demon.siratc a factor inhibitory to Bacillus subtilis 
that was not found before administration of the drug. 

niscu&siON 

TJic investigations indicate that there is not only a species variation in 
reaction to streptomycin, but also a considerable variation in individuals of a 
given species. Thus, it is considered that the mouse is a poor choice of animal 
for work requiring maintenance of streptomycin blood levels. This is also be- 
lieved to be true of this animal in respect to other antibiotic work. How tlie drug 
is eliminated or destroyed by the mouse at a faster rate than by other animals 
has not been determined, but examination of the extracts of the liver and spleen 
indicate that it is not removed by, or stored in, either of these organs. Its ap- 
pearance in the kidney extracts is attributed to the filtration and concentration 
'procedures of urinaiy elimination. 

For correlation with man, the guinea pig appears to be the more desirable 
choice of small animal for antibiotic tests. However, it appears probable that 
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the guinea pig does tend to permit cumulation of the drvtg to an extent greater 
tlian that which has been seen in man. Thus, a dose of 15,000 units per kilogram 
every three hours was recommended for work requiring maintenance of a blood 
level of 20 units per cubic centimeter or above in the guinea pig. On trial, the 
repeated doses were found to provide such a level or above, although single dose 
administration did not alwaj's provide the minimum concentration. Experience 
to date indicates that in all animals a minimum of three consecutive doses at the 
proposed therapy interval should be used for obtaining preliminarj' data on the 
expected blood level of a drug course. 

The rabbit, judging from the very scanty data available, appears to be a satis- 
factory small animal for studjung streptomycin blood levels. It is probable 
that the blood level is depleted more slowly hi the rabbit than in most other 
animals, and if prolonged intervals are desired between consecutive doses of 
the drug, the guinea pig or rabbit appears to be the animal of choice. 

The experiment with monkeys provided the assay method with its first 
significant test for day-to-day determination. The infected animals were defi- 
nitely ill at the beginning of therapy, and, although blood levels did van' from 
animal to animal and from day to day in the same animal, the data are con- 
sidered essentially correct. Some of the standard curves were checked at the 
conclusion of the experiment after the blood had been found free of the drug, 
and these corresponded very weU uith the originals. The rate of disappearance 
of the drug from the blood of each animal was considered additional evidence 
that the animal variation is considerable. Thus, it is behered that the best 
streptomycin therapy will result from variation in dose, to maintain a rather 
narrow blood level range, instead of from the administration of a predetermined 
dose of the drug. 

In man the blood levels seemed to be uathin the range expected from 
previous animal work. In the one patient (Patient 4) recei^'ing the dose of 
drug ncaz'est that administered to the monkej', the blood levels compared closely. 
The striking findings from human administi-ation were the great concentration 
of the drug in its pa.ssage through the kidney and the prolonged urinarj' ex- 
cretion after cessation of therapy. No explanation is advanced for this observa- 
tion, but certainly it is logical to conclude that a storage of drug is established 
somewhere in the body. The experience gained so far in attempting to dilute 
. I)lood and protein solutions containing the drug indicates that streptomycin lias 
a definite affinity for protein, hut whether the drug is stored in a protein-rich 
portion of the body or whether it is only slowly removed from the blood proteins 
ha.s not been established. Either of these conditions might provide an explana- 
tion for prolonged urinarj' excretion. 

Due to the discomfort of continued intramuscular, subcutaneous, or intra- 
corious injection of the drug, and unth the hope of eliminating some of the 
lo.Kicity from the first lots of the drug, oral administration was attempted. E.v- 
penments ba.sed on penicillin studies were tried, and insignificant absorption 
of streptomycin from the gastrointestinal tract was demonstrated. To date no 
sati.sfnetorj- vehicle for oral administration is available. Due to .scarcity of the 
Unur, llie work was stopped until more of its chemical and physical character- 
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istics whicli can be used as a Ijase for different approaelics are known. The con- 
sistent finding of the drug in the urine of the dog and man indicates that the 
proifiem of oral administration is not insurmountable, and certainly the thera- 
peutic advantage gained would .justify furtlier investigation. 

Red and white blood counts were followed in .some of the rabbits, guinea 
pigs, monkeys, and human beings during their exposure to streptomycin, and in 
no case was an abnormal result obtained. Preliminary studies on the jjartition 
coefficient of streptomycin in blood indicate that the cells do not carry the drug, 
since neither water nor saline washing of the centrifuged cells or clot provided 
an antibiotic material, although both plasma and serum were active. This parti- 
tion was true whether the strcptom 3 'cin was added to drawn blood or blood 
samples were taken from an animal following drug administration. 

SUMMARY 

1. Streptomycin was administered by subcutaneous, intravenous, intra- 
dernial, intramuscular, and intraperitoneal injection to the mouse, guinea pig, 
rabbit, and man, and blood levels of the drug were defermined at various in- 
tei'vals after administration. JIaximum blood levels appeared from fifteen to 
sixfy minutes following its injection. 

2. Por maintenance of blood levels of the drug following one dose, the 
animal of choice appeared to be, in order, guinea pig, i^abbit, monkoj% and mouse. 

3. Urinaiy excretion of streplom.vcin was followed in two patients on an 
intensive parenteral therapj" course of the drug and in one volunteer receiving 
the drug oralfy. 

4. Administration of streiJtomyein apparentlj’ docs jiot affect the count of 
red or white blood cells. 

5. Therapeutic blood levels of the drug could not be obtained bj' oral 
administration in a variety of vehicles. 

6. Variation of blood levels from a given dose of streptomj'cin is seen 
from animal to animal, and during a thci’apeutic course, the blood level in 
the same animal varies from day to day. Similar variation is seen in disappear- 
ance of the drug from the blood at the end of the drug course. This pattern 
is also followed in human beings. 
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A STUDY OP TI-IE DIFFUSION OP PENICILLIN ACEOSS THE SEROUS 
IMEJklBEANES OP JOINT CAVITIES 

H.VROLD L. Hirsh, M.D., Washington, D. C., First Lieutenant Henry L. 
Peffer, JIedical Corps, Army of the United States,® and 
C. Barb.h?a 0 ’Neil, A.B., Washington, D. C. 

M any infections of joints are caused bj’ bacteria wbicb are sensitive to 
penicillin. As a prerequisite to the estabbshment of a plan of therapy for 
the purulent arthritides, vre felt that it ivas necessarj- first of all to determine 
whether there was an exchange of penicillin between the blood and joint fluid. 
The results of this study are included in the present paper. 


PL.YN OF STUDY 


Penicillin was injected into a knee joint or administered systemieally to a 
group of patients, and assays were performed on joint fluid and serum of each 
patient to determine the amount of penicillin diffusing across the serous mem- 
brane of the joint carity. Similar studies were done while the patient was imder 
treatment in a fever cabinet to ascertain whether high temperatures would in- 
fluence the exchange of penicillin between joint fluid and blood. Specimens 
for penicillin assay on these patients were taken after the patient had been in 
the cabinet for several hours and the body temperature was 104° P. or over. 

The patients studied had a variety of joint diseases; rheumatic fever or 
rheumatoid, gonococcic, and other pyogenic arthritides. In order to determine 
whether there was any difference in the diffusion of penicillin into joint fluid 
from the blood in diseased and normal joints, several patients receiving peni- 
cillin, but with no cridence of joint disease, where given up to 100 e.c. of 
physiologic salt solution into a knee joint, and tliis fluid was used for penicillin 
assay. 

Several preparations of penicillin were employed : the sodium and calciumf 
salts of penicillin G, the calcium saltsi of penicillin X, and sodium ciystalline 
penicillin.! Penicillin was given orally in tablets! in doses of 100,000 units 
everj' two hours; by continuous intravenous infusion in doses of from 100,000 
to 200,000 units for periods of from six to twelve hours; and by intermittent 
intramuscular injection, using from 20,000 to 80,000 units every two hours, from 
25,000 to 30,000 units evcrj^ three hours, and 50,000 units evcrj- six hours. When 
penicillin was injected into a knee joint, up to 200,000 units were dissolved in 
from 20 to 50 c.c. of physiologic salt solution. Joint fluid for penicillin assay 
was obtained by aspiration through a spinal needle which had preriousl.v been 
inserted into the knee joint and taped in place for the necessam.- number of hours. 
At^ desired time the stylet Avas remor-ed and joint fluid withdrawn. Penicillin 


Wa'hlncton Medical Division and the Orthopedic Service. Golllnger 
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Itecelvfd for publlc.atlon. Jan. 21. 194C. 
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Table I. Serum and Knee Fluid Concentrations or 


J'ATIENT 

JOINT disease 

dose I 
(units) 

1 CONCENTKATION.S OF 

f 

5 

MIN. 

15 

MIK. 

30 

MIN. 

1 

HR. 

3 

HR, 

3 

UR. 

1 4 

1 HR. 

B. B. 

Pyogenic arthritis 

30,000 

Serum 


.078 

.078 

.078 

.078 

- 



Knee fluid 

40 





G. M. 

Pyogenic artliritis 

30,000 

Serum 



.039 


.039 




Ivnee fluid 

20 



- 


T. K. 

Gonococcic arthritis 

50,000 i 

Serum 


.039 

.039 

.039 

.039 




Knee fluid 

40 





C. J. 

Gonococcic arthritis 

50,000 

Serum 


.039 

.039 

.039 

.039 




Knee fluid 

40 





S.A. 

Gonococcic arthritis 

50,000 

Serum 



.078 


.150 




Ivnee fluid 



10 


5 

L. J. 

Gonococcic arthritis 

50,000 

Scrum 



.039 


.150 




Knee fluid 



10 


5 

L. J.* 

Gonococcic arthritis 

50,000 

Scrum 



.039 


.039 




Knee fluid 



40 


40 

Lu. L. 

Pyogenic arthritis 

50,000 

Serum 


.078 

.312 

.312 





Knee fluid 


40 

40 • 

40 


J.B. 

Pyogenic arthritis 

50,000 

Scrum 


.078 


.150 





ICnce fluid 


20 


20 


E.C. 

Eheumatic fever 

50,000 

Scrum 

0 

0 

.0105 

.039 

.150 

.312 

.150 




Knee fluid 

40 





C.M. 

Pyogenic artliritis 

00,000 

Serum 

0 


.0195 


.0195 




Knee fluid 

40 





T.K. 

Gonococcic arthritis 

100,000 

Scrum 


.078 

.039 

.O.’iO 

.039 




Knee fluid 

40 





A.K. 

Rheumatoid arthritis 

100,000 

Serum 


.0395 

.0195 

.0195- 

.0195 




Knee fluid 

40 





T.K. 

Gonococcic arthritis 

200,000 

Serum 


.039 

.039 

.039 

.039 




Knee fluid 






A. K. 

Arthralgia 

200,000 

Scrum 


0 


0 





Knee fluid 




20 


La.L. 

Arthralgia 

200,000 

Serum 


0 


0 





Knee fluid 




20 



•Fever therapy. 


determinations were done on serum and joint fluid at regular intervals by the 
metliods of Eammelkamp* and Randall and associates.^ No differentiation is 
made as to the type of penicillin employed because the results were the same with 
all preparations. 

RESULTS 

Of the fourteen patients who were given doses of from 30,000 to 200,000 
units of penicillin into a Imee joint on sixteen occasions, penicillin was found to 
be present in the Imee fluid for from twenty-four to one hundred twenty hours, 
depending upon the dose (Pig. 1). It Avas present in the blood on fourteen 
occasions one hour after intra-artieular injection. In one patient, from Avhom 
blood Avas taken at one-half hour after injection into the knee joint, penicillin 
was present. In each patient the penicillin concentration in the blood was mam- 
tained at a nearly constant level throughout the period of observation. The 
heights of the serum concentrations are shown in Table I. Two patients had a 
median serum penicillin concentration of .0195 unit per cubic centimeter, five had 
.039 unit per cubic centimeter, and six had .078 unit per cubic centimeter or 
better. Although Imee fluid concentrations of penicillin of from 10 to 40 units per 
cubic centimeter were maintained for periods of twelve and twenty-four hours. 



DIFFUSION OF PENICILLIN ACROSS SEROUS JIEJIDBANES 
pE^^iciixiK FolijOwixg Intra-articular Injection of Penicillin 
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PENICILLIN (UNITS PER CUBIC CENTIMETER) 


ttmrm 

wtam 

8 1 

9 

i 

11 

■ai 

1 i 

24 

I 48 

1 72 ! 

96 

108 - 

120 

1 HR. 


BR. 1 

HR, 

i HR. 

HR, 

ISS 

1 hr. 

HR, 

1 HE. 

1 HR. 

HR. 

HR. 1 

HR- 


144 

HR. 


.078 

,078 - .078 

.078 

.078 .039 .039 

.039 0 


0 

0 

0 









.623 











.039 


.039 . 

,039 

0 

0 










.623 


.078 

0 






.039 

- .039 .039 

.039 

.039 .039 

.039 0 


0 

0 










.156 - 

- 

0 

0 






.039 

.039 .039 

.039 

.039 .039 .039 

.039 0 


0 

0 







20 



2.5 


.312 

0 




• 



.078 

2.5 













.312 

.156 

,078 

.039 










”.039 













20 













.156 











- 


10 












.078 

.078 .078 



0 










10 



5 











.0195 


.0195 

.0195 

.0193 

.0195 

0 











0 

.312 

.0195 





.039 

.039 .039 

.039 

.039 .039 .039 

.039 

.039 

.039 

.039 

0 

0 








40 


10 

1.25 

.156 

.039 




.0193 

.0195 .0195 .0195 

.0195 .0195 .0195 

.0195 

.0195 

.0195 

.0195 

.0195 

0 








20 


20 

2.5 

2.5 

0 




.039 

.039 .039 

.039 

.039 .039 .039 

.039 

.039 

.039 

.039 

.039 

.039 


.0195 






20 


20 

2.5 


1.25 


.156 

0 


0 


0 

0 


0 

0 







10 



5 


2.5 

.312 

.156 

.156 

0 




■ 0 


0 

0 


0 

0 ' 






— 

10 



5 


2.5 

.625 

.312 

.078 

0 





30,000 


56 4S «> 72 96 

NUM&eR OF HOURS 


los IZo 


1 I. llHrntion oT I'.rUcUMe pcnlcUnn concrntration in knee Joint Cuid follo-ninp intm- 

artlcular In3<^tinn. 
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TAIIIJ; II. KNEK Fj.UIU AKI> SEEU.M I’E.VICIW.IN CO.VOBNTItATlO.VS 


TATIEKT 

JOIN'T 

DOSE 

NUMin:n 

METHOD or All- 


DISEASE 

(UNITS) 

or DOSES 

MINISTllM'ION 

j 1.) MIN, 1 .'iO MIN. 


G. J. 

Gonococcic arthritis 

20,000 q. 2 lir. 

■} 

Intramuscular 

Knee tluid 
.Scrum 



B.T. 

Gonococcic arthritis 

20,000 q. 2 hr. 

O 

Intramuscular 

Knee Utiid 
Scrum 

' 


B. T.*' 

Gonococcic arthritis 

20,000 q. 2 Jir. 

o 

Intramuscular 

Knee fluid 
.Scrum 



B. T. 

Gonococcic arthritis 

20,000 q. 2 lir. 

1 

Intramuscular 

ICncc fluid 
Scrum 



G. G. 

Gonococcic arthritis 

20,000 q. 2 hr. 

it 

Intramuscular 

Knee fluid 
Scrum 



G. C.' 

Gonococcic arthritis 

20,000 q. 2 111 . 

*1 

Intramuscular 

Knee fluid 
.Scrum 



H.B. 

Gonoi'occic arthritis 

20,000 q. 2 lir. 

*t 

Intramuscular 

Knee fluid 


,025 





.Scrum 


2.5 

B. J. 

Gonococcic arthritis 

20,000 q. 2 111 -. 

•> 

Intramu.^cular 

Knee fluid 

0 






Senim 

.025 


H.C. 

iShcumatic fever 

00,000 q, 2 hr. 

.» 

Intramuscular 

Knee fluid 

,0195 

.039 





Senim 

1.25 

.625 

J. 

Bheumatic fever 

50,000 q. 2 lir. 

o 

Intramuscular 

Knee fluid 

.0195 

,078 





Scrum 

,025 


c. xr. 

Gonococcic arthritis 

00,000 q. 2 hr. 

1 

Intramuscular 

Knee fluid 








Serum 



L. P. 

Gonococcic arthritis 

80,000 q. 2 hr. 

li 

intramuscular 

Knee fluid 
Scrum 



E. B. 

formal 

25,000 q. 3 lir. 


Intramu.'^cular 

Knee fluid 
Serum 



E. B.* 

Kormal 

25,000 q. 3 hr. 


Inlraniu'cular 

Knee fluid 








Serum 



E.B. 

jYormal 

25,000 q. 3 hr. 


intramuscular 

Ivnce fluid 
.Serum 



R.M. 

Gonococcic arthritis 

25,000 q. 3 hr. 


Intramuscular 

Knee fluid 


.078 






Serum 


1.25 

L. C. 

Gonococcic arthritis 

25,000 q. 3 hr. 

1 

Jntramu.^cular 

Knee fluid 
Scrum 

' 


O.XV. 

Gonococcic arthritis 

25,000 q. 3 hr. 

1 

intramuscular 

Knee fluid 
•Senim 



O.W. 

Gonococcic arthritis 

25,000 q. 3 hr. 

1 

Intramuscular 

Knee fluid 
Scrum 



O.XY. 

Gonococcic artliritis 

25,000 q. 3 hr. 

1 

Intramuscular 

Knee fluid 
.‘•cnirn 



C.A. 

Gonococcic arthritis 

25,000 q. 3 hr. 

1 

Intramuscular 

Knee fluid 
.‘lerum 



O.J. 

Gonococcic arthritis 

25,000 q. 3 lir. 

1 

Intramuscular 

Knee fluid 
.‘-V-nim 



il. J. 

Elieumatoid arthri- 

2.5,000 q. 3 lir. 

1 

Intramuscular 

Knee fluid 




tis 




Scrum 



L.E. 

Gonococcic arthritis 

30,000 q. 3 hr. 

1 

lnlramu=cular 

Knee fluid 
.Serum 



T.K. 

Gonococcic arthritis 

Gonococcic arthritis 

40,000 q. 4 hr. 

.} 

Intramuwmlar 

Knee fluid 
Serum 



S.A. 

50,000 q. 6 hr. 

1 

Intramu.'cular 

Knee fluid 
.‘'■'’rum 




S. A.' 

Gonococcic arthritis 

Gonococcic arthritis 

50,000 q, 0 hr. 

] 

Intramuscular 

Knee fluid 
Serum 



S.A. 

50,000 q. C hr. 

5 

Intramnseular 

Knee iluu} 
i^orura 




L.J. 

Gonococcic arthritis 

Gonococcic arthritis 

50,000 q. 6 hr. 

1 

Intramuscular 

Knee fluid 
Serum 



L.J.* 

50,000 q. 6 hr. 

1 

Intrarauv^mlar 

Knr-e fluid 
Serum 




E. J. 

Gono-coccic arthritis 

50,000 q. 6 hr. 

1 

Izilnvinusculiir 

Knee fluid 
.‘“■enirn 



B.S. 

Pvogenic arthritis 

100,000 continuou.- 

1 

Intravc-ncruj 

Knee fluid 



0 hr. 



Semrn 




Fever therapv. 
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OLLOWING PAKENTERAI, AND ORAL ADMINISTRATION OF PENICILLIN 
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TiUJLE li- 


PATIENT 

JOIKT 

DISEASE 

DOSE 

(UNITS) 

numrep. j 

OF DO.SES 

itETHOD OF AD- 
jri.VISTKATION 


B. S. 

Pyogenic arthritis 

200,000 continuous 

G hr. 

I 

Intravenous 

Knee fluid 

Serum 

T, K, 

Gonococcic artliritis 

200,000 continuous 
12 hr. 

I 

Intravenous 

Knee fluid 

Serum 

A. K. 

Eheumatoid artliri- 
tis 

200,000 continuous 
12 lir. 

I 

Intravenous 

Knee fluid 

Scrum ‘ 

T. K. 

Gonococcic artliriti.s 

200,000 continuou.s 

8 hr. 

I 

Intravenous 

Knee fluid 

Scrum 

•T. H. 

Gonococcic artliritis 

100,000 q. 2 hr. 

O 

Oiiil 

Knee fluid 

Serum 


the liighesl serum eoncoiitration observed was .312 unit per cubic centimeter. In 
no instance was there evidence of alxsorption of penicillin from the joint iluid 
into the blood when the concentration in the knee fluid fell below .156 unit per 
cubic centimeter. Two patients with arthralgias secondary to a systemic disease 
showed no evidence of absorption of penicillin from the knee joint into the blood 
folloiving an intra-artieular injection of 200,000 units. 

Of a group of twenty-two patients who were given penicillin orally or 
parenterally on thirty-seven occasions, all had significant concentrations in their 
sera. Penicillin was found to have diffused into the joint fluid in all patients 
except the one who was given the drug orally (Table II) . Several patients had 
no joint disease, and the injected physiologic salt solution was used as joint fluid. 
As in tlie ease of intra-artieular injection, the absoiption of parenterally admin- 
istered penicillin into the joint was almost constant, inth median concentrations 
of penicillin of .0195 unit per cubic centimeter of joint fluid in six instances, 
.039 unit per cubic centimeter in fifteen, and .078 unit per cubic centimeter or 
better in fifteen. The amount of penicillin which difi’uscd into the joint fluid was 
usually independent of the seimm concentration. Joint fluid concentrations of 
penicillin varied up to 50 per cent of the highest serum concentration. Oc- 
casionally the joint fluid concentration was higher than the serum concentration 
when the patient was receiving intermittent intramuscular injections, demon- 
strating that the drug apparently was excreted more slowly from the joint fluid 
than from the blood. We feel that these results represented an adequate 
sampling, as blood and joint fluid for penicillin assay were taken at one- or two- 
hour intervals for from six to twelve hours in twenty studies, for four houi's in 
seven, and for two or three hours in ten. 

In about one-half of the studies the blood and joint fluid were taken di- 
rectly following the start of penicillin therapy, and in the other one-half the 
studies were performed after the patient had been under treatment for one or 
more days. The results were the same regardless of the duration of therapy 
indicating that penicillin did not accumulate in joint fluid. 

Penicillin was found to diffuse rapidly into the joint fluid when given 
systemically. Of the three patients from whom joint fluid was obtained fifteen 
minutes after the first parenteral injection, penicillin was present in the joint 
fluid of two. In the other patients, penicillin was found in the first specimen, 
which was obtained one-half and one hour after the drug was started. 
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Cost'd 


CONCESTBATIONS OF FEKICILLIN (UNITS PER CUBIC CENTIMETER) 


iHE. ! 

[ 2hb. ( 

She. I 

4 HR. 1 

5 HR. 1 

6 HR. 1 

7 HR. 1 

8 HR. j 

9 HR. 

j 10 HE. 1 

11 HE. j 12 HR. j 

! 13 HE, 

.0195 

.0195 

.0195 

.0195 

.0195 ■ 

.0195 

.0195 

.0195 





.312 

.625 

.625 

.625 

.625 

.625 

.039 

.0195 





.0195 

.0195 

.0195 

.0195 

.0195 

.0195 

.039 

.039 

.0195 

.039 

.039 .039 

.039 

.078 

.039 

.0195 

.0195 

.0195 

.0195 

.312 

.078 

.0195 

,078 

.039 .039 

0 

.0195 

.0195 

.0195 

.0195 

.0195 

.0195' 

.039 

.039 

.0195 

.039 

.039 .039 

.0195 

.136 

.156 

.156 

.156 

.156 

,156 

.156 

.156 

.312 

.312 

.312 .312 

.0195 

.039 

.039 

.039 

.039 

.039 

.039 

.039 

.039 

,039 

.039 



1.25 

2.5 

2.0 

5 

5 

1.25 

1.25 

.312 

.0195 

0 



0 

0 

0 

0 









.078 

0 

.078 

0 










In several patients determinations ivere made on blood and serum for sev- 
eral hours after the drug was discontinued, and the joint fluid was found to 
contain penicillin for from one to three hours longer than the blood, corroborat- 
ing the observation that penicillin was excreted more slowly from the joint fluid 
than from the blood. 

The effects of fever therapy in the exchange of peniciUin between joint fluid 
and blood were studied in six patients. A comparison was made in each patient 
of the amount of penicillin transferring between the blood and joint fluid be- 
fore, during, and after fever therapy. One patient received the penicillin intra- 
articnlarly and five were given the drug intramuscularly. In two of the latter 
group absorption into the knee fluid was found to have occurred in slightly 
liigher concentrations during fever therapy than under normal conditions. 
However, fever therapy did not influence the amount of penicillin transferred 
across the serous membranes in the remaining four patients. 

Penicillin has been found to be irritating to serous membranes, causing a 
pleocj'tosis on injection into the spinal fluid® or pleural .space.'* We found that 
such a reaction occurred when penicillin was injected into a joint. There was 
an increase in the number of white blood cells over a forty-eight hour period 
■which receded to normal over the next few days. 


DISCUS.SION 

Raminelkamp and Iveeferi found serum penicillin concentrations up to .007 
unit per cubic centimeter foUowing an injection of 10,000 units of the anti- 
uotic iuto a knee joint or bursa. Florey and Heatley® demonstrated absorption 
of penicillin into the blood for from seven to twentv-four hours followino- an 
mtra-articular injection of from 100,000 to 120,000 units of the drum How- 
ever, they did not report any serum concentrations. Herrell and associates' 
no ed that up to 50 per cent of the scrum concentrations of penicillin will diffuse 
in o joint fluid with parenteral admini.stration. Orj- and co-workers" were able 
Inn , 0 con'^entrations of .03 and .OG unit per cubic centimeter of 

.0 ni flmd from one-half to two and one-half houre following inframitscular 
sisUnit^- In, 000 to 20.000 units. Balboni and a.ssociate.s’ reported con- 

levels of penicillin in the joint fluid of seven patients fol- 
. the intranuisculnr injection of from 25,000 to 40.000 units of penicillin. 
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The joint fluid levels reported by these investig»aiors are higlicr than those 
obtained by Ory and eo-v'Drlcers and by us with comparative doses. 

Although we were able to demonstrate the transfer of penicillin between 
blood and joint fluid, analysis of our results shows that when penicillin was 
given systemically, joint fluid concentrations of .0195 unit per cubic centimeter 
were found in 16 per cent of the studies, .039 unit per cubic centimeter in 41 
per cent, and .078 unit per cubic centimeter or better in 41 per cent. The high- 
est joint concentration of penicillin obtained was .625 unit per cubic centimeter 
in two patients on one each of a series of determinations. Wlien the penicillin 
was injected into a knee joint, absorption into the blood reached a level of .0195 
unit per cubic centimeter in 15 per cent of the patients, .039 unit per cubic 
centimeter in 39 per cent, and .078 unit per cubic centimeter in 46 per cent. 
The greatest amount of penicillin absorbed into the blood from the joint space 
was .312 unit per cubic centimctei’. 

When the joint fluid concentrations of penicillin obtained with .systemic 
administration of the dinig arc correlated with the concentration usually needed 
to kill the various penicillin-sensitive bacteria, particularly staphylococci, it is 
found that in a significant percentage of instances insufficient amounts of 
penicillin diffuse into the joint fluid to control the infection of the joint. Simi- 
larly, insufficient amounts of penicillin are absorbed into the blood.from a joint 
space to care for other sites of infection. These obseiwations arc eonfimed by 
our clinical experiences with patients who had pyogenic arthritis and periarticu- 
lar inflammation and/or bactcriemia in whom penicillin had to be given sys- 
temically as well as intra-artieularly to control the e.\'tra-articular infection. We 
have also foimd systemic penicillin alone to bo inadequate in the treatment of 
pyogenic arthritis complicating a bactcriemia. 

Correlation of various factors such as the height of senun concentrations 
of penicillin, duration of treatment, method of administration, and type of 
joint disease, with the amount of penicillin diffusing across the seroxis mem- 
branes of joints, reveals that although there is a tendency toward greater dif- 
fusion with high serum or joint fluid concentrations, there is no constant rela- 
tionship between the two. Neither the duration of ireatraent nor the method 
of administration influenced the transfer of penicillin across the serops mem- 
brane. Except in two patients with arthralgia, Avho had no absorption of peni- 
cillin from the joint into the blood, we found the diffusion across the sei’ous 
membrane to be the same irrespective of the presence or type of joint disease. 
Fever therapy did not significantly alter the diffusion of penicillin, for in only 
two of six patients was there a slight increase in the amount of penicillin ex- 
changed between joint fluid and blood. 

, SUMMARY AND CONCLUSIONS 

1. Penicillin Avill diffuse across the serous membranes of joints Avhen given 
systemically or intra-artieularly. 

2. Loav concentration of penicillin in the joint fluid following the systemic 
administration and in the blood folloAving intra-articular injection were obtained 
in a significant number of studies. 
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OUTBREAK OF HEMOLYTIC STREPTOCOCCUS THROAT INFECTION 
CONTROLLED BY SULFADIAZINE 

Major Robert B. Lixdberg, Sanitary Corps, and 
Lieutenant Colonel Francis R. Coyle, Lieutenant Colontel George T. Rich, 
AND Lieutenant Colonel BIilward Bayliss, SIedical Corps, 

Army of the United States 

T he prophylactic use of sulfonamides against bacterial infections has assumed 
considerable impoi’tance during recent years. Sulfanilamide lias been used 
in preventing streptococcal upper respiratoiy infections and relapses in rheu- 
matic fever.’’® Kuhns and associates^ found that sulfadiazine in amounts as 
low as 2 Gm. daily diminished the meningococcal carrier rate as well as the in- 
cidence of meningococcal meningitis. Rubenstein and Foley® studied two out- 
breaks of .scarlet fever, one occurring in an oiphanage due to type 1 strepto- 
coccus and the other occurring in a schoolroom due to a type 5 streptococcus. 
In both epidemics small daily doses of sulfonamides reduced to a minimum the 
number of persons carrying the incriminated organism. 

During the 1944-1945 holiday season an epidemic of sore throats occurred 
among the staff of a United States Aimij'- General Hospital on Oahu, Territory 
of Hawaii. Due to the burden of ca.sualtics from the Philippine Campaign at 
this time, it was neccssaiy to take quick and effective action in order to maintain 
operation of the hospital. This was carried out successfully witli therapeutic and 
prophylactic use of sulfadiazine. 

The first patient was admitted Dec. 28, 1944. Two ivere admitted Dec. 31, 
1944, and three more, Jan. 1, 1945. On Jan. 2, 1945, eight more of the hospital 
personnel were admitted at various times of the day. The earlier individuals 
showed the presence of large numbers of beta hemolytic streptococci in throat 
cultures. It was apparent that a fairly large epidemic of streptococcic soffe 
throat was going to disable the staff of the hospital, unless the proper action 
were taken immediately. The protection of the hospital patients was also of 
prime importance. In order to control the situation quickly the following meas- 
ures were taken: (1) detection of all cases and suspected cases by screening of 
the personnel; (2) isolation of all cases and suspects; (3) effoifs to determine 
the origin of all known eases; and (4) adminisf ration of sulfadiazine prophylac- 
tically to personnel of the staff. 

These measures were accomplished in the following manner. A team of 
medical officers examined all enlisted personnel, by roster, as they passed through 
the mess line. All men were questioned as to how they felt; their noses and . 
throats wei’e examined; and their temperatures were detennined when indicated. 
All officei-s and nuraes were examined after lunch at the outpatient clinic. 
Through this process twenty-one new patients, of whom two were nurses, were 
admitted to the hospital and placed in contagious wards. 

Received for publication, Jan. H, 1946. 
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The epidemiologj’ of the outbreak was investigated. To aid in this study, 
a map of the hospital area was prepared, and all cases were marked on the map 
as to the location of the patient’s work and his sleeping quartei-s. Throat cul- 
tures were performed on all mess personnel to detect the presence of carriers. 
Histories on each case were carefully cheeked for a common source. The evi- 
dence gathered by these methods of approach all pointed to a probable origin at 
a dance held bj- the enlisted men of the organization Dec. 27, 1944. Of the 
WAO personnel who attended the dance, two were admitted -svith the disease. 

Prophylactic administration of sulfadiazine was started Jan. 3, 1945, and 
continued for five days bj’" giving the enlisted personnel a tablet (7% gr. of 
sulfadiazine) before each meal under the supendsion of the noncommissioned 
ofSeers. Tablets were made available to the officers and nurses at the mess hall, 
and they were instructed to take one tablet three times daily. Following the 
administration of the drug, a marked decrease in the incidence of sore throats 
was noted. Between Dec. 28. 1844; and Jan. 3, 1945, there was a total of thirty- 
five patient admitted with hemotj-tic streptococcus sore throats. Following the 
administration of sulfadiazine prophylaxis, which started Jan. 3, 1945, there 
were only seven eases up to Jan. 15, 1945, when the last ease occurred. No 
reactions due to sensitivity to the sulfadiazine were noted. 

TRE-rTMKST 

Patients with the more severe cases were given an initial dose of 4 Gm. of 
sulfadiazine followed by 1 Gm. every four hours. This was maintained for 
periods varjung from two to eight days. Response to therapy was excellent. 
Some of the patients admitted were not very ill and were treated sj-mptomat- 
ically. Those with mild cases responded well, even without the use of sulfona- 
mides. Of the entire group there was only one patient who was seriously iU. 
He had a profuse phamTigitis with considerable edema of the fauces and bilateral 
cervical adenopathj'. On sulfadiazine, his temperature dropped from 103° F. 
to nomal in sevent 3 ’-two hours, and he made an imeventful reeoveiy. 

CUXICAL L.VBOR.VTOKY FCmlN’GS 

Throat cultures were made dailj- from individuals suspected of hemobTie 
streptococcus infection. Culture media in each case were a blood agar plate 
and Loffier’s serum medium. The tliroats at time of culture in the positive cases 
were uniformlj- inflamed. Pure cultures of hemoMic streptococci were usually 
found in these individuals. In one moderatelj- severe case a mixture of Staplitj- 
lococcus aurciis and Streptococcus pyogenes was foimd initiallj*. After a few 
daj-s’ treatment with sulfadiazine the hemoh-tic streptococci began to disappear, 
and indifferent and green-producing streptococci, micrococci, and Neisseria 
appeared in the cultures. During convalescence, positive cultures would fre- 
quently recur after several negative daily cultures. Two patients had clinical 
relapses. 

The leucocyte count on admission varied over a broad range from 5,000 to 
20,000. In general, the leucocyte count did not correlate veiy closely with the 
clinical severity. Urinarj- findings were e.ssentially normal. 
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CULTURAIj AND SEROLOGIC STUDIES 

% 

Twenty-six strains of hemolytic streptococci isolated from patients in this 
outbreak were studied in detail. Lancefield precipitin method.s were employed 
for serologic analysis. 

Methods mid Materials . — Cultures wei’e isolated on horse blood agar plates. 
Hemolysis, if its type were questionable, was cheeked in deep agar plates. One 
strain showed a minute zone of beta hemol 3 ’sis and proved to belong to Group H 
(Table I). 


Table I. Distkibution or Streptococcus Groups and Types in Twenty-Six Strains op 

Hemolytic Streptococci Studied 


GROUP* 

NUMBER 

PER CENT 

TYPEf 

NUMBER 

PERCENT 

A 

25 

90 

3 

1 

4 

H 

1 

4 

30 

IS 

72 




3S 

2 

8 




•NTt 

4 

10 

Total 




25 

100 


•Groups of sera employed: A, E. C, D, E, F. G. H, K, E. 

tTypes of sera employed; 1, 3, 5, 6, 10-12, 14. 17, 18, 10, 24, 2C, 28, 30, 31, 36, 37, 38, 
42, 43. 

JNo type obtained in any serum. 

Extracts for grouping and typing were prepared from a single broth cul- 
ture. Forty cubic eentimetei's of tiyptose phosphate broth at pll 7.6 to 7.8 were 
heavily inoculated nith a jmung culture of streptococcus. Care was taken that 
incubator temperature did not rise over 37“ C. during growing of the broth 
culture, since higher temperatures might prevent formation of M-substance.® 
At eighteen hours ’ incubation, tlic culture was centrifuged, and the packed cells 
were resuspended in 0.6 c.c. of N/20 HCl. The suspension ivas mixed, heated 
in boiling water for ten minutes with shalcing, cooled quicklj’-, and one drop of 
phenol red indicator solution added. One drop of N/5 NaOH was added to 
reduce final volume of extract; then neutralization was completed to a pmk 
color "with N/20 NaOH made up in M/60 phosphate buffer at pH 7.0 (0.25 Gm. 
Na^ HPO 4 in 100 c.c. N/20 NaOH). A final pH of 7.0 is desired. The mixture 
was centrifuged at 2,500 r.p.m. for fortj"-fivc minutes and the clear supernatant 
fluid removed with a capillary pipette. It is essential that the supernatant be 
entirely clear. 

The extract maj' be used for both gi'ouping and tj^ping. In our hands, 
Lancefield ’s original procedure" for grouping extract in which 0.1 per cent glu- 
cose broth was used as culture medium gave a better extract for grouping in 
that larger, more distinct precipitates were formed. It is suggested that this 
modification be tried in the event of any difficulty encountered in grouping 
reactions. In carrying out serologic tests on streptococci, reactions should be set 
up the same day that the extract is prepared. If this is not practicable, prepare 
the e.xtraet ivith sterile technique. Even slight degi-ees of bacterial contamina- 
tion may produce negative or inconclusive results in grouping and typing. 

Grouping and tj^mg reactions when carried out in capillary tubes as de- 
scribed by Swift, Wilson, and Lancefield® result in a gi-eat economy in amount 



547 ' 


HEJfOLYTIC STREPTOCOCCUS THROAT IKFECTIOX ANT) SULFADIAZINE 

of serum used. Care must be taken that serum is quite clear, for slight amounts 
of precipitate may simulate a positive reaction. A small rubber bulb for draw- 
ing serum into capillaries is recommended, since the viscosity of the serum makes 
filling by capillary action slow. A convenient mount for capiUair tubes con- 
sists of a 150 mm. Petri dish filled one-quarter inch deep with a mixture of one 
part paraffin and one part petrolatum. 

Inconclusive results should be cheeked by a mieroprecipitin procedure, using 
tubes 0.3 mm. in diameter drarni from 6 mm. tubing. Dilutions (1:2, 1:4, 1:8, 
1:16) of serum against undiluted extract, and dilutions of extract against un- 
diluted serum, may be necessary to demonstrate specific type in presence of a 
prozone reaction. 

Sera available for grouping and typing in this studj* are shown in Table I. 

Llouse passage was employed to enhance M-substance in fourteen eases. 
Storage of cultures for four months prior to acquisition of typing serum possibly 
affected the ability of these strains to elaborate M-substance. Pour passages 
were made, using intraperitoneal injection of 0.05 e.e. of a broth culture and 
recovering the strain when the mouse was moribund. The peritoneal washings 
were injected directly into the next mouse. Table III illustrates results of this 
technique in increasing positive results of tjqiing. 

Since sulfadiazine was employed in checking the epidemic, sulfadiazine 
sensitivity in vitro was determined. To test sulfadiazine sensitivity, strains 
were grown in clear tryptose semisolid broth containing 0.1 per cent glucose 
and graded amounts of sulfadiazine. Table II shows results. All strains of 
Group A were inhibited by a concentration of 0.2 mg. per 100 c.c. of sulfadia- 
zine. The Group H strain was more resistant to sulfadiazine and grew in con- 
centration of 1.0 mg. per 100 c.c. of broth. 


Table H. SuiFADiAmT: SnscEPTiBiUTT or Steeptococci Steaixs 
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rough colonics tended toward glossj' variants, but iliej" still retained matt 
qualities. 

Serologic Analysis . — Cultures were grouped at the time of the epidemic hut 
could not he typed until four months later wlien serum became available. Stor- 
age presumably increased the difficult}' of obtaining adequate typing reactions 
due to the loss of ]\I-substa7ice.“ Table I sliows gi-oup and tj’pe distribution. 
Twenty-five Group A strains and one Gi-ouj) H were identified. Of the Group 
A strains, eighteen were type 36, two were type 38, and one was type 3. Four 
strains which could not be t 3 ’ped failed to kill mice in a dose of 0.1 c.c. of an 
eighteen-hour broth culture intraperitoneally after four passages. It seems prob- 
able that these sti-ains lost virulence and Jl-substance due to prolonged cultiva- 
tion. 


Table ni. Colony Morphology, Type, and Viruience Relationships in Group A Strains 


COLONY 

MORPHOLOGY 

3 1 

TYPK j 

30 1 38 1 NT* , 

1 DIRECT j 
1 TYPINO 1 

1 TYPING AFTER j 
XCOUSE 
PASSAGE 

j (virulent!) ] 

1 NEGATIVE FOR 

typing after 
MOUSE passage 

1 (NONVIEULENTt) 

Smooth 


8(32%) 

7(28%) 

1( 4%) 


Mucoid 

1(4%) 

1( 4%) 1(4%) 

0 

3(12%) 


Rough 


9(30%) 1(4%) 4(10%) 

3(12%) 

7(28%) 

4(16%) 

Total 

1(4%) 18(72%) 2(8%) 4(10%) 

10(40%) 

11(44%) 

4(16%) 


♦No tj-po obtnlnea. ' 

tMouso killed In twenty-four hours by 0.1 c.c. clBhtccn-hour broth culture tntraperi- 
toneally. 

IMouse not klllca in twenty-four hours by 0.1 c.c. clchteen-hour broth culture Intra- 
peri toneally. 

Table HI shows the relation of colony types and demonstrability of M- 
substaiice. Of eight smooth colony strains, seven typed directly and one re- 
quired mouse passage. Of fourteen rough colony strains, three typed directly. 
Of the remaining eleven, seven typed after mouse passage. The remaining 
four strains failed to type at all. Mucoid colony strains required mouse passage 
before they could be tj^ped. Strains which regained M-substance on mouse 
passage also showed definite mouse vixmlence.® Increase in virulence to at least 
ten times the original level was acquired by mouse passage. 

DISCUSSION 

A variety of types has been found in studies in streptococcal disease, in- 
cluding scai'let fever and rheumatic fever, as well as in carrier survej'S.^® In 
this outbreak the predominant organism isolated was the t 5 'pe 36 hemolytic 
streptococcus. This organism proved to be inhibited in culture by relatively 
small amounts of sulfadiazine. The clinical outbreak was quickly brought un- 
der control with the use of sulfadiazine (I 14 Gm. per day to all contacts) com- 
bined with an intensive search for, and isolation of, all clinical cases. In addi- 
tion, the more severe clinical cases responded remarkably well to therapeutic 
doses of this drug. It is recognized that strains of the same species of organism 
may vaij widely in their susceptibility to sulfonamides. Strains may become 
resistant to these drugs upon cultivation in media containing minute amounts 
of sulfonamides, or such strains may be isolated from individuals who have been 
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treated Yrith amounts of the drug insufficient to bring about the elimination of 
the parasite from the host. It is reasonable, tlierefore, to assume that outbreaks 
of sore throat ■will '^'ary in their response to the prophj’laetic administration of 
sulfadiazine. However, the use of this drug prophylactically in circumscribed 
outbreaks of streptococcal disease is 'well justified. Bacteriologicallj , the types 
demonstrated lead to the conclusion that type 36 was the predominant cau- 
sative strain in this outbreak. The presence of additional types, and even 
of additional groups, of streptococci in an acute outbreak must be taken into 
consideration. One case exhibited a hea'S'y concentration of Group H strepto- 
coccus on initial throat culture. This strain was moderately sulfonamide sensi- 
tive and did not kiU mice in a dose of 0.1 c.e. of broth culture intrap eritoneaUy. 
Epidemic outbreaks maj' be either mixed types or predominantly a single type. 
Although it is impossible to state categorically that the tj'pe 38 or type 3 strain 
might not have increased in incidence during this epidemic, it is apparent that, 
at the time the outbreak was checked, the principal inciting agent was Sfr. 
pyogenes. Group A, type 36. 

CONCLUSIONS 


An outbreak of streptococcus pliaiyngitis demonstrated to be due to Group 
A hemohdic streptococci was quickly brought under control with sulfadiazine 
prophylaxis combined -with other control measures. 

Eighteen type 36, two type 28, one tj-pe 3. and four nont^qiable strains were 
isolated from the outbreak. Responsible t>"pe was most probably the tjTie 36 
hemoljdie streptococcus. 
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THE SEKOLOGIC DIAGNOSIS OF ENUEJIIC TYPHUS 


HI. Thr Incidence and Titer of Compdement-Fixing Antibodies in Handow 
Samples of tub Population in Endeaiic and Nonendemic Tvphus Areas 

Mj\ry B. Johnson, B.S.,* and Samuel R. Daaion, Pu.D.f 

I T HAS been recognized for at least a decade that complement-fixing antibodies 
were demonstrable in the serum of patients who recovered from typhus. 
Castaneda* showed this to be true at least six j'ears after acute infection, and 
Bengfson and Topping* have shown that they persist in most instances for at 
least several years. In our own experience, it has been found that the reaction 
occurs in a relatively high titer for variable periods of time.^ 

The specificity of the complement fixation test in endemic typhus, using a - 
rickettsial antigen, was demonstrated by Bengtson and Topping,^ and the test 
has been adopted in numerous public health laboratories as a routine diagnostic 
procedure. In our hands, this has been true for the past*two ycai-s. Interpreta- 
tion of the results has been difficult, however, because of the lack of Imowledge 
as to what really constituted a diagnostic reaction and, furthermore, the lack 
of any information as to the incidence of reactors in the general population. 
The purpose of this report is to shed some light upon the latter question. 

source op blood specimen.$ 

In this study, some 900 sera from bloods collected in the course of a routine 
serologic survey for syphilis, and representing a random sample of the popula- 
tion, were examined. Five hundred of the specimens were from southern Ala- 
bama, Houston County, and represent an area in which typhus is endemic. One- 
half of these bloods were from pereons giving an urban address and one-haH 
from persons with a rural address. Four hundred of the specimens came from 
residents of northern Alabama, Morgan County, where tjTihus is of rare oc- 
currence. The residence, whether urban or rural, of these individuals was un- 
known. 

results 

In summary, the results of complement fixation tests run on these 900 
specimens are presented in Table I. 

With regard to the distribution of the fifty-eight reactors found in the 
specimens from Houston County, riventy-three gave an urban and thirty-five a 
rural residence. 

The end titer of a reacting serum was considered to be that dilution in which 
complement fixation was 3 plus or stronger. On this basis, an analysis of the 
fifty-nine reacting sera is presented in Table II. 

Received for publication. Feb. 15. 1916. 
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Table I. Eesults of Complemekt Fixation Tests Run on Randoji Samples of Population 
IN ENDESIIC AXD JJ'ONENDEJriC Typhvs Aeeas 


KOl’KCE OF 

SPECIMEN'S 

NUMBER or SPECI5IEN-S 
EXAMINED 

NUMBER OF SPECIMENS GIVING 

A COMPLEMENT FIXATION 
■p.EACnON OF AT LEAST 3 PLUS 
IN A DmunoN OF 1:4 

OR HIGHER 

Morgan County 

400 

1 

(nonendemic area) 



Hopston County 

500 

58 

(endemic area) 




Table IT. Nujibek of Specimens Gi\tng 3 Plus oe Stp.ongee Reaction in a 1:4 or Higiiep. 

Dilution of Sebuji 


1 

DILUTION OF SERUJI 

1 

1 1 TO 4 

I 

1 1 TO 8 

1 1 TO 

1 16 

1 1 TO 

1 32 

1 TO 
64 

1 TO 
128 

1 1 TO 

1 256 

TOTAB 

Number of sera reacting 

16 

12 

13 

7 

5 

4 

2 

59 

Per cent of sera reacting 

26.9 

20.3 

22 

11.8 

SA 

6.7 

3.5 



CONCLUSIONS 

1. In a section of the United States where typhus is endemic, an examina- 
tion of sera for complement-fixing antibodies from a random sample of the 
population shows the incidence of reactors to be high. 

2. In a nonendemic area, the incidence of reactors is almost nil. 

3. The titer of complement-fixing antibodies detected in presumably normal 
individuals varied from 1 :4 to 1 :256. 

4. The significance to be attached to a positive complement fixation test for 
typhus in a febrile patient living in an area of endemic tj-phus must be weighted 
by the foregoing observations. 
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INTERPRETATION OP FINDINGS IN THE CEREBROSPINAL FLUID* 


II. The Technique and Systematic Interpretation of the 
Albumin-Globulin Ratio in Cerebrospinal Fluids 

Carl L/VNge, SI.D. 

Albany", N. Y, 

N Ui\IEROUS methods have been devised for determining the albumin-globulin 
ratio in cerebrospinal fluids,’'” and considerable importance has been 
attaclicd to their diagnostic significance. All of the current methods are based 
on the assumption that the globulin present in cerebro.spinal fluid precipitates, 
as in blood, by 50 per cent saturation wi<h ammonium sulfate. Data presented 
in this paper indicate, that this assumption is true only Yvlien considerably 
higher concentrations of protein are present than in normal cerebrospinal 
fluids. Some authors believe that CY'cn a crude qualitative determination 
of the ratio might replace the gold reaction. While this was refuted in an 
earlier paiior” on the basis of experimental work, it seemed wise to undertake 
an objective evaluation of tlic matter. To do this it was necessary to re-examine 
technical procedures and to establi.sh the general principle of a systematic 
interpretation by complete syndromes. 


experimental study 


The current methods of determining the albumin-globulin ratio in cerebro- 
spinal fluids’"” uniformly use 50 per cent ammonium sulfate as if it were a 
specific globulin reagent. Actually, it provides a crude separation of albumins 
and globulins only under veiy restricted conditions. The folloufing simple 
experiment may best serve to correct the above misconception. 

A mixture of 250 mg. of globulin and 500 mg. of albumin per 100 c.c. Yvas 
prepared. Its albumin-globulin ratio Yvas 2:1; the protein content, 750 mg. per 
100 c.c. The globulin and albumin Yverc prepared from pi’esumably normal 
human serum, diluted 1 :10, by repeated precipitations with 50 and 100 per cent 
ammonium sulfate, respectivelj", foIloYved by dialysis and protein determina- 
tion bj" micro-Kjeldahl. Various dilutions were prepared Yvith physiologic 
saline, from 750 mg. per 100 c.c., Yvhich corresponds to a serum dilution 1:10, 
to 15 mg. per 100 c.c., which corresponds to the lowest protein concentration 
encountered in cerebrospinal fluids. After 50 per cent saturation Yvith am- 
monium sulfate, followed by centrifuging, the globulin value was determined 
turbidimetX’icaUy. The higher the dilution, the greater the deviation of the 
albumin-globulin ratio from the knoYvn value (2:1) ; the most marked deviations 
occurred with protein contents ranging from 15 mg. to about 150 mg. per. 100 


From the Division of Laboratories and Research. New York State Department of Health. 
Received for publication, Dec. 7. 1945. 
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c.c. This source ot error may lead to incorrect results in routine examinations, 
since the protein concentration of specimens submitted for study frequently 
falls in the range mentioned (see Fig. 1). 

Theoretically, these results may not be new, but they emphasize the in- 
herent danger in current methods. 



TOTAL PROTEIN CONCENTRATION (mg perlOOml ) 


Fig. 1. — Dilution error using 50 per cent ammonium sulfate. 



Fig. 2. — Fractionation curves w 1th methyl alcohol. 


Numerous fractionation curtes were detenuihed witl) seriini in higher 
dihitions.^ Farious salting-out procedures were tried, both in sera and cerebro- 
spinal fluid, and one observation in technique was made tliat seemed important 
under the particular conditions of low protein content in cerebrospinal fluids. In 
salting-out procedures, the high specific gravity of the mixtures prevents collec- 
tion of the minute amounts of precipitate even when an angle centrifime’- is 
used. At Jicn methyl alcohol** was siibstiliifcd for ammonium .sulfate, however 
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the globulin precipitate was easilj' collected with an ordinary centrifuge. Thus, 
it was possible to establish fractionation curves equivalent to those of normal 
cerebrospinal fluid, while current inelbods either fail entirely or yield values 
of questionable significance (see Pigs. 1 and 3), 

Liu and Wu^ prefer precipitation at low temperature to avoid denaturation. 
Denaturation at 37° C., however, proved advantageous in determining the 
albumin-globulin ratio. Jloreovei', at low temperature no critical zone was 
observed, but 'at 37° C., such a zone, even if indistinct, seemed to lie around 
33 per cent. The gold reaction was also used as a check on the optimal sei)ara- 
tion of globulins and albumins. On the basis of these findings, the use of 33 
per cent methyl alcohol at pH 6.6 and 37° C. was adopted. 

Fractionation curves of normal human cerebrospinal fluid could not be 
established because of the large amount (2,000 c.c.) of material required. Bovine 
cerebrospinal fluid Avas therefore substituted, since it lias been found to have 
the same protein content and to give the same gold curve as normal human 
cei-ebrospwsl Before ixfohng the bovine eerehrospinai Ihiids, total 

protein determinations and colloidal gold tests were made to be .sure that only 
normal fluids were included. 

The following study of the albumin-globulin ratio of human cerebrospinal 
fluid Avas undertaken. The total protein Avas determined by micro-Kjeldahl, 
the percentage of error being from 3 to 5 per cent. From 0.4 to 0.75 mg. of 
protein Avas required for i-eliable results. Cerebrospinal fluids of higli protein 
concentration Avere diluted to approximately 75 mg. per 100 c.c. or less. TIic 


Table I. Albumin-Globoun B.vno in Cerebkospinai, Fluid Using Mctha'l Alcohol 


SERIAL 

NUM- 

BER 

! CEREBROSPINAL 
i FLUID 

TOTAL 

PROTEIN 

(MG. PER zoo C.C.) 


ALBUMIN-GLOBULIN 

RATIO 

- 

CEREBRO- 1 
SPINAL 1 
FLUID 
USED FOR 
MICRO- 
KJELDAHL 

(c.o.) 

TOTAL 
PROTEIN 
(MO. PER , 
100 C.C.) ; 

CEREBRO- 
SPINAL 
FLUID 
USED FOR 

fractiona- 

tion 

(C.C.) ; 

GLOBULIN 
(jig. PEB 

100 C.C.) 

ALBUitlN 
(MO. PEB 

100 C.C.) 

RATIO 



2 

f25 

4 

(10 

(17 

0 

11 


1 

)23 


) 7 

)14 


2f 

Normal 

2 

(21 


( 0 

(TT 

2.G 




120 

4 

1 8 

)20 


3 

Known syphilitic 

O 

34 

3 

11 

‘ 2 c 

2.4 

4 

Asymptomatic 

1 

60 

4 

13 

50 

4 


neurosyphilis 







5 

Paretic formula 

0.5 

132 

2 

31 

97 

3 




130 


28 

99 


G 

Acute neuro- 

1 

85 

3 

7 

SI 

11 


syphilis 



% 





(Herxheimer’s 








reaction) 



i 




7 

Tuberculous 

0.5 

1 237 

I 3 

13 

219 

17 


meningitis 



% 




8 

Subarachnoid 

0.5 

348 

' 5 

11 

343 

31 


block 



% 





•The fractions indicate the dilution of the cerebrospinal fluid that had to be used to reduce 
its protein content to 75 mg. per 100 c.c, or less. 
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pH, which becomes markedly alkaline after the fluids have stood, was adjusted 
by adding one-tenth volume of phosphate buffer of pH 6.6 and about M/1 
concentration. One volume of methyl alcohol was added to two volumes of 
buffered cerebrospinal fluid, and the mixture was kept at 37° C. overnight in 
tightly stoppered centrifuge tubes "with pointed bottoms. The amounts of cere- 
brospinal fluid sufficient for an aeeurate determination (see Table I) were 
estimated on the basis of the total protein, the gross appearance, the number 
of cells, the complement flxation test, and the gold reaetion (see Table H). 
The fractions were separated in ordinary centrifuges, and the values of both 
globulins and albumins were directly determined, when possible, in duplicate. 
In general, the protein values cheeked surprisingly well. After eentrifuging, 
the supernatant was removed, the sediment was washed once with 33 per cent 
methyl alcohol and then added to the supernatant, and the mixture was pre- 
cipitated with trichloroacetic acid. To obtain sufficient material within the 
normal range, a pool of previously tested cerebrospinal fluids was used. In 
Table I is shown a series of representative cases studied. 

The technique described is, of course, inadequate for routine examinations, 
but it provided a satisfactory standard for the present investigation. 

SYSTEMATIC INTERPRETATION OF THE ALBUMIN-GLOBUIirN RATIO 

The systematic interpretation^® of any cerebrospinal fluid finding requires 
its evaluation as an integral part of a complete sjuidrome (see Table 11). More- 
over, a correct interpretation is inconceivable without a satisfactorily standard- 
ized technique, which would be difficult to adapt to a routine determination of 
the albumin-globulin ratio in cerebrospinal fluid. 

The current way of interpreting the albumin-globulin ratio may best be 
illustrated by Fig. 3, copied from' Kafka.^ The globulin values shown by 
Kafka are relative and not directly comparable with the total protein values ; 
both were obtained by a rather inaccurate volumetric determination, by cen- 
trifuging. In the range up to 1.50 mg. per 100 c.c., the total protein values 
were ealculated in milligrams per 100 c.c. The impre.ssion is given in this 
sehcniatic presentation that the albumin-globulin ratio differentiates, besides the 
normal, not onh' syphilis and nonsyphilis, but even three forms of neurosyphilis. 

The differences in the albumin-globulin ratio obtained by Kaflia'* in the 
range from 20 to 150 mg. per 100 c.c. of total protein nearly paralleled the 
curve obtained when graded dilutions of a mixture of known values were tested 
(sec Pig. 1). Accordingly, there remains only the technically more reliable 
differentiation between the groups clinically interpreted as “progressive pa- 
ralysis’’ and “nonsjqihilitic meningitis.” 

High albumin-globulin ratios are not characteristic of “nonsj-philitic men- 
ingitis,” such as tuberculous meningitis (sec Table I). They arc encountered also 
in acute syphilitic meningitis and in block in the absence of meningitis. Con- 
sequently, the problem is to detennine the common pathogenetic factor in this 
ctiologically heterogeneous group. To do this, the albumin-globulin ratio must 
l>e correlated with the complete .\vndrome (see Table Tl). The albumin-globulin 
ratio invariably is high when fibrin is present. Fibrin is the simplest indicator 
of a marked inercasc in the passage of blood proteins into the cerebrospinal fluid. 
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or, in other words, of permeability of the meninges. A second criterion of 
iraportance is the presence of polymorphonuclear leucocytes in (sub-) acute in- 
flammatory processes. A third, more universal, indicator of the state of permea- 
bility is furnished by the gold reaction. Wlien fibrin or abundant polymorpho- 
nuclear leucocytes indicate markedly increased penneabilitr% the gold reaction 
invariably yields the so-called meningitic or rather hematogenous -t 3 *pe of curve 
(see Table II; Nos. 6 to 8). The paretic or parenchymatous tj-pe (see Table II, 
No. 5) indicates no or little increase in permeability, while the s>-philitic and 
negative types (Table II, No. 4, and Nos. 1 to 3) indicate normal pemieahilitr-.-' 
These three criteria make the use of other special tests for permeability unneces- 
sary. 



Fig. 3. — Schematic presentation of albumin-globulin latios from Kafka.-* 


It is, of course, self-evident that the albumin-globulin ratio in cerebrospinal 
fluids does not depend entirely on the presence of blood proteins. Under condi- 
tions of normal permeability, the albumin-globulin ratio is afi'ected by the intra- 
meningcal (nonhematogenous) production of protein. The deteimination of the 
albumin-globulin ratio, however, is not necessarj- in routine e.xaminations. High 
albumin-globulin ratios merely confirm data already provided by other means. 
Low ratios are encountered in nomal conditions and in chronic neiirosyphilis. 
The values obtained with chemical methods, however, arc technieally so un- 
rcliable and .so overlapping that they are seldom charactei'Lstic for any ui'oup. 


I'Vf, mlopW; howo\Cr. th» trrmlnolog-.- rrir 

tTlthm il rc<:omm<'n(lM tbit the curvci be cleWtniitocJ A. B. C. .iR-l D: tbit 1«. flrdlrg* 

mi{o?i- ^ cbi-moa A: tho*e gtung mblcuce of cbiTmlc produetjA inflim- 
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More correct values of albumin-globuliu ratios iu cerebrospinal fluids were 
obtained by Kabat and associates’" with eleetro])horesis. Unfortunately, this 
method cannot be used routinely, because it I’ccjuircs about 70 c.c. of cerebro- 
spinal fluid. However, it opens new possibilities in diagnosis that seem to lie not 
in the determination of albumin-globulin ratios but in the detei-mination of the 
single protein fractions. Present indications are that thc.se fractions in cerebro- 
spinal fluids can be determined with specific antisera. Tliis procedure would 
be economical since no fractionation would be required. Experiments are now 
in progress M'ith two fractions, albumin and gamma globulin. The albumin- 
globulin I’atio can be determined in cerebrospinal fluids by the method used for 
sera by Goettsch and Kendall.’® The determination of gamma globulin with 
values similar to those found by Kabat seems, however, to promise more signifi- 
cant progress in the diagnostic examination of cerebrospinal fluid. 

SUMMARY AND CONCLUSION,? 

Current methods of determining the albumin-globulin ratio in cerebrospinal 
fluid are markedly inferior to those for blood. Tlie albumin-globulin ratio in 
cerebrospinal fluid varies widely because of the amount of blood proteins that 
may be present. Even crude qualitative methods can demonstrate some differ- 
ences, provided the protein content is high. In low protein concentrations, which 
prevail in neurosyphilis, misleading results are obtained by using 50 per cent 
saturation with ammonium sulfate to precipitate tlie globulin. AVith metlijd 
alcohol, it is possible to secure consistent results in normal cerebrospinal fluids 
and to deteimine albumin-globulin ratios in various pathologic conditions. 

Evaluation of the albumin-globulin ratio should, however, be based on a 
sj^stematic interpretation of the results of various laboratorj- tests. An attempt 
to correlate an isolated finding directly with clinical conditions is, as a rule, 
misleading. It should be interpreted as an integral part of a complete sjmdrome. 
The application of this basic principle indicates that determination of the 
albumin-globulin ratio in cerebrospinal fluids providas, eliiefl 3 ’', infonnation re- 
garding the permeability of the meninges, whicli is more conclusivelj’’ indicated 
bj"- other procedures. 


REFERENCnS 


1. Mestrezat, W. : Le liquide cCplialo-racliidien, Paris, 1912, A. Maloiiie, 081 pages. 

2. Bisgaard, A.: TTntersuchungen Uber die Eiweiss- und Stickstoffverhnltiiisse der Cerebro- 

spinalflussigkcit sowie iiber die Wa-s-serstoflionenkonzentration derselben, Biocliom. 
Ztschr. 68: 1-64, 1913. 

3. Lange, C.; Lumbalpunktion und Liquordiagnostik, in Kraus, P., and Brugsch, T.: 

Speziello Pathologie und Therapie innerer Krankheiten, vol. 2, Berlin, 1923, Urban & 
Schwarzenberg, p. 435-G86. 

4 Kafka, V.: Der Eiweissquotient des Liquor cerebrospinalis, Etsclir. f. d. ges. Neurol, u. 
Psychiat, 106: 54-69, 1926; abridged in Klin. Wchnschr. 6: 2068-2069, 1926. 

Bl^ewitt, L. P. : Proteins of the Cerebro-Spinal Pluid, Brit. J. E.xper. Path. 8; 84-92, 1927. 
c! Jacobsthal, E., and Joel, M. : 'Liquor-Untorsuchungen, Klin. 'Wchnschr. 6: 1896-1899, 1927. 
von N&dor-Nikitits, S.: tlber die quantitative Bestimmung dea Globulins im Liquor 
cerebrospinalis, Klin. Wchnschr. 6; 1709, 1927. 

8 Kafka V., and Samson, K. : Die Eiweissrelation des Liquor cerebrospinalis. 2. Modilika- 
tion der Methode, Diskussion, Ergebnisae, Ztschr. f. d. ge.s. Neurol, u. P.syehiat. 115: 




o ^ and Koae. A. E.: Clinical Determination of the Albumin Globulin Ratio in 

Spin^’priid, J. A. M. A. 96: 36-38, 1931. 



IXTKRPKPrTATIOX OP FINDINGS IX CEREBROSPINAL, FLUID 559 

10. Neel, A. V.: The Content of Cells and Proteins in the Normal Cerebro-Spinal Flnid, 

Copenhagen, 1939, Ejnar Munksgaard, 141 pages. 

11. Ujsaghy, P.: Einfache Methode znr quantitativen Bestimmung aller Eivveissfraktionen 

nnd des Gesamteiweissgehaltes im normalen nnd pathologischen Liquor, Biochem. 
Ztschr. 307: 264-269, 1941. 

M2. Lange, Carl:' Theory of the Colloidal Gold Eeaction. 1. Reactions Between Gold Sol and 
Isolated Protein Fractions, J. L-\B. & CUN. Med. 30: 1006-1012, 1945. 

13. Robinson, H. W., Price, J. IV., and Hogden, C. G.: The Estimation of Albumin and 

Globulin in Blood Serum; 2. Separation of Fractions by Centrifugation With the 
Angle Centrifuge, J. Biol. Oiem. 126: 207-212, 193S. 

14. Liu, S. C., and Wn, H.: Fractional Precipitation of Serum Proteins With Methyl Alcohol, 

Chinese J. Physiol. 8: 97-110, 19.34. 

15. Lange, Carl: Methods for the Examination of Spinal Flnid, Am. J. Syph., Gonor. & Yen. 

Bis. 23: 638-668, 1939; Technic of Quantitative Gold Reaction, pages 654-662. 

"^6. Lange, Carl, and Harris, A. H.: Interpretation of Findings in the Cerebrospinal Fluid. 

I. The Dementia Paralytica Formula and the Necessity of Its Quantitative Dif- 
ferentiation, Arch. Neurol, & Psychiat.-53: 116-124, 1945. 

17. Kabat, E. A., Moore, D. H., and Landow, H,: An Electrophoretic Study of the Protein 

Components in Cerebrospinal Fluid and Their Relationship to the Serum Proteins, 

J. Clin. Investigation 21: 571-577, 1942. 

18. Goettseh, E., and Kendall, F. E.: Analysis of Albumin and Globulin in Biological Fluids 

by the Quantitative Precipitin Method, J. Biol. Chem. 109: 221-231, 1935. 



THE INFLUENCE OF DBIETIIYLAMINOETIIYL BENZHyPRyL ETHER 
HyDROOHLORIDE (BENADRyL) UPON NORMiVL PERSONS AND 
UPON THOSE SUFFERING FROJI DISTURBANCES OF 
THE AUTONOlillC NERVOUS SySTESI 

Preliminary Report 


Thomas Hodge McGavack, B.A., M.D., F.A.C.P., Herbert Elias, M.D., and 
Linn J. Boyd, M.D., F.A.C.P. 

New yoRK, N. Y. 

D IMETHYLAMINOETHYL benzh 3 'dr 5 "l etlicr hj’drocliloride, an alkamine 
benzhydrjT ether, the structural fomula of wliicli is given, has been shown 
to possess antispasmodic and antihistamine activity of higli degree.’’* 


<II> 

<cz> 


^CHOCH.Cn,N( CH, ) ,-HCL 


Chemically, this drug fails to resemble other agents employed clinically 
because of similar properties. Moreover, the present studies suggest that it 
lacks some of the unpleasant and at times harmful effects of such drugs. For 
these reasons, it has seemed important to obseiw’e the action of tlie drug in a 
relatively wide range of dosage upon the various functions and sj'stems of 
the bodj’’, both in normal subjects and in those suffering from widely diverse 
illnesses. 


MATERIALS AND JIETHODS 


Twenty-eight women from 25 to 65 jmars old, w'ith an average age of 40.2 
j'ears, and thirty-two men from 21 to 60 years old, with an avei’age age of 
43.3 years, have sensed as the subjects of these tests. These subjects were 
dmded into two major groups: (1) those who had no linoivn disease or at 
least no condition in which the autonomic nervous system was directly involved, 
and (2) those knmvn to have some disturbance in ivhicli the autonomic nen^ous 
sj'stem plajmd a role. The fomer group consisted of sixteen women and eighteen 
men. Of these thirty-four subjects, eight (three women and five men) were 
given the complete cycle of examinations before, during the time, and after 
they had received dimethjdaminoethyl benzhydiyl ether hydrochloride, herein- 
after referred to as Benadryl.* Two subjects were used to determine the effect 
of the drug on sleep only. Ten were used to determine the intravenous effects 
and blood levels only, and fourteen were chosen for the study of the local 
action of the drug upon the eye. 


From the New York Aledica! CoUege, Metropolitan Hospital Research Unit 
Received for publication,. Jan. 15, 1946. 

•aenerous supplies of this material under the trade name Benadryl were made avail- 
able through the courtesy of Cr. E. A. Sharp, Director of Clinical InvestlgaUon. Parke. Davis 
& Company, Detroit, Mich. 
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Table I. Effects of DniETHYLAJiixoETinri. Beuzhtdryl Ether Hydrochloride 
IK Certain Cukical Conditions 




CHANCE IN CLINICAL CONDITION 
observed under TREATilENT 


NUMBER 

DIAGNOSIS 

OF 

PATIENTS 

1 COMPLETE 

1 RELIEF 

IMPROVED 

1 UN- 

1 CHANGED 

Spastic colon 

7 

3 

4 

0 

Cardiospasm 

2 

0 

0 

2 

Other gastrointes- 

5 

3 

0 

2 

tinal neuroses 

Essential hyper- 

1 

0 

1 

0 

tension 

Hyperthyroidism 

2 

0 

0 

2 


Paget’s disease 

1 

0 

1 

0 

with paralysis 
agitans 

Clunacterinm 

1 

0 

1 

0 

Dysmenorrhea, 

2 

2 

0 

0 

functional 

Asthma. 

4 

4 

0 

0 

Allergy to insulin. 

1 

1 

0 

0 

local 

Totals 

26 

13 

7 

6 


re harks 

In tivo cases, period of time 
may be too short for 
final conclusion 

Chief symptoms involved 
vfere nausea, vomiting, 
and pain 

Drop in systolic and dias- 
tolic blood pressure and 
disappearance of headache 
Thyroid condition controlled 
prior to amine treatment; 
constipation and exoph- 
thalmos not relieved 
Tremor alone improved 


Abdominal pains completely 
relieved 

Syndrome of “premenstrual 
tension” 

One initially seen in status 
asthmaticus- 


The major diagnosis encountered in each of the second group of patients 
is listed in Table I. In each patient of this group, there was reason to believe 
that a disturbance of the autonomic nervous system existed. 

Details of histories, physical examinations, and laboratory tests have all 
been designed to afford a thorough appraisal of the status of important bodily 
functions and are mentioned under Results, 

Unless otherwise mentioned, in “diseased” individuals 1 capsule (50 mg.) 
of benadryl was given three times daUy. 

For the eight subjects in the control group, diet was roughly regulated 
according to weight (Table II). 

Repetition of the initial observations on these eight subjects was made at 
intervals of from one to tivo weeks before, during, and after oral administration 
of the drug over total periods of time ranging from six to eighteen weeks. In 
two of these eight control subjects, intravenous tests were performed for the 
purpose of observing blood levels during the immediately succeeding hours. In 
eight other subjects, similar obseiwations were made following intravenous 
therapy. 

Table IT 


wr.w.HT 
(r-ouKD.q) 
140 or Icfs 
140 or 175 
1"5 or more 


I diet (cn 

J cno I rr.oTEis 



70 

375 

75 

200 

03 


FAT 

1 cAi.cmrs 

so 

3. .5 50 

100 

1,000 

125 

2.300 
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Patients in whom the findings are recoi’ded. received the drug for periods of 
from two to eighteen weeks. 

KKSULTS 

For purposes of clarity and comparison, data from control subjects and 
patients are summarized together, except in those instances wliere the latter 
differed materially from the former. In view of the nature of the study, the 
data are arranged under the systems of the body in so far as possible. 

General Metabolism . — No alteratioms in ivcight or basal metabolic rate of 
either patients or control .subjects could be ascribed to the direct effects of ad- 
ministered benadryl. 

The Central Nc)*vons System . — Both normal and “sick" subjects became 
more placid while receiving treatment with benadrjd. 

Seven of ten "normal” subjects observed that they slept better than for- 
merly. Two of these seven subjects obsen'cd sleepiness during the day as a 
result of the ingestion of a single 50 mg. cap.sulc. Among the twenty-six pa- 
tients who received the drug (Table I), sleep was improved in seventeen and 
was unchanged in five; the status of sleep was not recorded in four subjects. 
A tendency tOAvard daytime somnolence was observed by three patients. One 
of these had to reduce the dose of drug from 150 to 100 mg. but was later able 
to resume the previous dose without further unpleasant sjnnptoms. 

The Eye. — No variations in the size of the pupils under fixed conditions 
of lighting were observed in nine patients before and after therapy with orally 
administered benadrAd, or during its use in daily doses ranging from 150 to 400 
rag., even after the largest doses aa’ci-c employed for five Aveeks at a time. 

Locally, the effects Averc quite different. An aqueous solution (4,per cent) 
Avas Avell tolei’ated by the conjunctiA'a of rabbits, but a stronger solution (5 per 
cent) caused hjiiercmia and edema. For human experiments, Ave used 0.5 and 
1.0 per cent solutions of the drug Avithout discomfori to the patients unless the 
solution had stood in a clear bottle for scA’cral Aveeks, after Avhich it became ir- 
ritatiA'e. 

Most of the Avork Avas done Avith the lesser concentration. This caused an 
average pupillary dilatation of 1.0 mm. AA'ithin fifteen minutes in nine of foui-- 
teen and of l.S mm. in one hour in all of the fourteen patients. An intei- 
ference AAuth accommodation ahvays accompanied the mydriatic effect. Epineph- 
rine hydrochloride (1 per cent solution) and benadryl (0.5 per cent solution) 
Avere applied simultaneously in six patients. Within fifteen minutes all but one 
patient shoAved a dilatation averaging slightlj’- less than 1.0 mm. and in one 
hour an aA^erage dilatation amounting to 1.7 mm. ; this Avas practically identical 
Avdth that produced by the solution of the alkamine ether alone. 

In fifteen trials on fourteen patients this amount of epinephrine, Avithout 
the benzhydryl ether, shoAved no appreciable reaction in the size of the pupil 
even after one hour. We may conclude, therefore, that epinephrine hastened 
the action of the drug but did not alter its total effect. 

Homatropine sulfate (1 per cent solution) and eserine sulfate (1 per cent 
solution) produced their characteristic mydriatic and miotic effects, respectively. 
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These were not influenced by the use of benadiyl administration orally in doses 
up to 400 mg. daily in any one of the five patients tested. 

Tlie Respiratory Sfysteni.— Alterations in the rate and character of the 
respirations were not observed in any but asthmatic individuals. In these sub- 
jects, administration of benadrjd caused a decrease in respiratory rate and a 
rise in vital capacity -to normal levels (Table III). Vital capacity was de- 
termined in all the control subjects and in two of the four patients with asthma, 
using the Benedict-Roth respirometer and the Dreyer formula.® 


Table m. Eespibatobt E.ate axd Vital Capacity in Subjects Taking 
Diiiethylaminoethyl Benzhtdp.tl Ether Hydeochlombe 




DURATION OF I 

■VITAL 


SUBJECTS 1 

DOSAGE 

TREATilEKT 

CAPACITY 

RESPIRATIONS 


1 (MG. PER day) 

(•weeks) 

(pee cent) 

(pep. MINUTE'I 


Eight controls 


0 

150 

300 

400 


4 

3 

4 


101 

89 

97 


18 

17 

18 


Two with asthma 


0 

150 

300 

400 


1 

3 

5 


40 

43 

85 

84 


28 

26 

18 

17 


The 'Cardiovascular System . — ^Following the oral administration of the 
alkamine ether, dizziness and blurring of vision were the only symptoms sug- 
gesting cardiovascular disturbances which could have been attributed with 
reasonable certainty to the drug. Even though 100 mg. were given Tour times 
daily, these sj-mptoms were not seen in any subjects of the control group ; how- 
ever, they were obsen^ed in two patients with a gastrointestinal neurosis and 
in one patient with dysmenorrhea. Irregularities in the circulation, rather than 
a direct toxic action upon nervous tissue, were thought to be responsible, since 
two of the three patients showed an a.<5sociated orthostatic hypotension (see para- 
graph on blood pressure). On the other hand, orthostatic hj-potension did not 
necessarily produce dizziness or blurring of vision, since six .subjects developed 
this condition -without any associated svTiiptonis. 

The size of the heart and of the liver showed no clinically detectable altera- 
tion even after prolonged treatment (up to eighteen weeks) with as much as 
100 mg. of dimethylaminoethjd benzhydryl ether hydrochloride four times dail.v 
by mouth. Teleroentgenograms of the heart and lungs of all subjects revealed 
no changes due to the action of the drug. 

In thirty-six subjects given 300 mg. or less of the drug daily, no alterations 
in the pulse rate were observed, except in the group of patients with asthma. 

Lowering of the sj’stolic blood pressure was ohseiwed in three of forty-six 
subjects in whom serial e.xaminations were made. In two of these patients who 
-'vorc taking 150 mg. daily, dizziness of mild degree was noted. The third sub- 
ject was given 200 mg. daily without untoward subjective svmpfoms; the aver- 
age degree of depression was 15 mm. of mercurv-. Orthostatic hjiiotcnsion was 
o isen-ed in a total of six subjects. Three of the .six were control subjects who 
licvclopcd the condition while taking 300 mg. or more daily. One patient with 
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cardiospasm and one "with dysmenorrhea, each receiving 300 mg. daily, and one 
individual suffering from hyperthyroidism and dyschesic constipation, who was 
given 200 mg. daily, completed the group in which orthostatic hypotension was 
observed. In all but one individual, these changes in the blood pressure re- 
verted to normal udthin several days after discontinuing the drug. This in- 
dividual was a control subject who had received 400 mg. of the allcamine ether 
daily for approximately three and one-half weeks and had previously taken 
smaller doses over a total period of five weeks. Two months after cessation of 
therapy, an orthostatic hypotension persisted which may not have been due to 
the drug, since pressures were not checked in all positions prior to beginning its 
administration. 

After the oral administration of as much as 400 mg. of benadiyl daily, 
no appreciable changes could be demonstrated in the capillary loops of the 
fingernail beds of the five “normal” subjects and of the one asthmatic patient 
studied. 

The Rnmpel-Lcede phenomenon rvas routinely negative in subjeets using 
tlie drug. 

The circulation times and capillary pcrmcahility were determined in six 
subjeets by the fluorescein technique of Lange and Bo3’d.® Circulation times 
were apparently not influenced by the drug in doses up to 400 mg. daily by 
mouth (Table IV). Capillary permeability was decreased by large doses of the 
drug (Table IV). 


Table IV. DETERitiNAxioN or C^vi’illaky Permeability and Circulation Time by 
Fluorescein Technique in Eight Control Subjects Before, During, and After 
Administration of Dimetiiylaminoetiiyl Benzuydryl . Ether Hydrochloride 


NUMBER 

OF 

SUBJECTS 

DOSAGE 
(MG. PER 
DAY) 

DURATION 

TREATMENT 

(WEEKS) 

C. T.* ^ 

(SEC.) i 

CAPILLARY PERMEABILITY 
(PER CE.NT NORMAL)} 

1 RANGE ( 

AV. 1 

RANGE ( 

AV. • 

8 

0 



27 to 42 

33 

+ 2 to -21 

-11 

8 

150 

4,3 

28 to 30 

30 

+ 0 to -39 


2 

200 

3,0 

26 to 40 

30 

- 4 to -20 

- 9 

6 

300 

3.0 

28 to 36 

33 

-24 to -41 

-33 

4 

400 

3.5 

28 to 44 

38 

-24 to -01 

-38 


•Arm to leg:. 

tCalcuIated from tlic average mean curve. Variations of plus or minus 25 per cent arc 
still within the normal range. 


Electrocardiographic tracings showed no changes as a result of the use of 
the alkamine ether. 

When a solution of dimethylaminoethyl hcnzhydryl ether hydrochloride. 
was given intravenously, three of ten subjeets developed “reactions.” One nor- 
mal subject had taken the drug orally in divided daily doses of 150 mg. for 
one week, 300 mg. daily for two weeks, and 400 mg. daily for four weeks, with- 
out ill effects. Four hours after an additional dose of 20 mg. given intravenously, 

' this subject complained of weakness, headache, “seasickness,” and di’owsiness, 
aU associated with extreme pallor, but no sweating. Despite the continuance of - 
the drug orally, all these symptoms had disappeared by the following day. A 
second subject of the “normal” group had completed three months of treat- 
ment mth oral doses up to 400 mg. of the amine daily. Eleven days later 30 
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„g. vvtrc eivo mtevcuoUAly. Fifteen minulee ll.ercrflcr, the 
nlLcd ot dizr.incss evith a sensation ot tallmg totvard the left. The entire 
disappeared in one honr without Ireatnient. The third -action to e 
intravenous injection o£ the nlkaminc ether occurred m a 
thvrotoxicosis who had not previously reeo ved the drug 

after a dose of 30 mg., the patient developed a severe elnll f : 

in<^ headache low back pain, and a slight decrease in temperature (to 9/. 6 1 .) 
hut with no change in cither pulse rate or blood pressure. Tlie 

subjects, to none of whom had the drug been it 

no untoward reaction of any kind to the intravenous injection of as "^"^h «s 
30 mg. Such doses appreciably altered neither the rcspiratorj rate noi th 
cardiac function, nor did they produce any changes either in degree of per- 
spiration or in the color of the skin. 

The Gastrointestinal Sy.stcm.— No gross change was observed in the quality 
or quantitv of salivary secretion in any of the eight control subjects when as 
much as 400 mg. of the bcnzhydiyl ether were taken daily. In one patient 
with gastrointestinal neurosis, in whom 150 mg. of the drug were given daily 
increased thirst and drjTicss of the mouth were subjectively noted, but a second 
patient with similar diagnosis and treatment experienced mild salivation. 

Month-anvs time as determined in six control subjects through the inges- 
tion of charcoal (1 Gm.) was not altered by the drug. Bowel habits were un- 
changed by the drug in all control subjects and in all the patients except the 
seven who suffered from a spastic colon. Follow-up bariim enemas revealed 
a decrease in the spastic condition in the four patients with spastic colon in 
whom such an examination was possible. 

Seventeen of the twenty-sLx patients complained of abdominal pain when 
first seen (Table Y). Under treatment wdth the drug, ten of the seventeen 
showed partial or complete relief of such distress. In two of the remaining seven 
patients, sufficient time has not elapsed to draw final conclusions, although 
usually the drug acts quickly. The pain of three patients was not relieved. De- 
tails are shown in Table Y. 

In regard to gastric acidity, there was a marked decrease in the amount of 
both free and combined acid as a result of the administration of the benzhydryl 
ether in four of five control subjects who showed free acid prior to the use of 
benadryl. kloreover, there was little or no response to histamine. The details 

Table V. Vaeiatioxs ik Abdominal Pain in Patients Teeated With 

DlMETHrLAUINOETHTL BeNZHTDRVL ETHEE HTDEOCHLOEIDE 


diagnosis 


Spastic colon 
Cardiospasm 
Other gastrointestinal 
neuroses 

Climacterium vrith reflex 
gastrointestinal disturb- 
ances 

Dysmenorrhea, functional. 


XTMBER 


rAIN^_ 

OF 

COMPIiETE 


KO 

PATIENTS 

P^EIJCEF 

lilPROVED 

CHANGE 
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are included in Figs. 1 to 4. The fiftli patient showed a definite drop in the 
acid values, but the dosage and duration of treatment were not sufficient to de- 
velop the full effects of the drug. 

Three of eight patients with gastrointestinal disturbances, upon whom 
fractional gastric analyses wei’c performed, showed an anacidity except after 
histamine stimulation, presuniptivel}’- as a rc.sult of old age. The acid values 
following histamine injection were markedlj' decreased in all of these by the 



FOR 3 WEEKS 

CASE 6JD, CURVES -C- AFTER additional 3 WEEKS 

MALE AGE 49 ON 400 MG DAILY 

CURVES- D- OFF DRUG I WEEK 

Fi^. 1. — Fractional gastric analysis In relation to treatment witli diniethylaniinoethyl 

benzhydryl ether liydrochlorfde. 


use of the benzhydryl ether in doses of from 150 to 200 mg. daily for periods 
of two, three, and four weeks, respectively. The other fi%'e patients exhibited 
responses in the gastric secretion similar to those observed in the control sub- 
jects. 

JRenal Function . — ^No variation in urinary volume was observed as a result 
of the use of dimethylaminoe'thyl benzhydryl ether hydrochloride, eitlier in the 
control subjects or in patients. In six subjects, Pishberg’s modification of Yol- 
hard’s concentration and dilution tests’ failed to show any variations from tlie 
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uornial. Repeated routine \irinalyses were likewise uninformative. Urea nitro- 
gen and notiprotcin nitrogen determinations, ])crfonncd upon the blood of all 
subjects before, during, and after treatment, remained consistently within nor- 
mal limits. No indication foi* further investigation of renal function aro.se 
during the course of the exporiment.s. 



FOR 3 WEEKS 

CASE O.R. CURVES- C- AFTER ADDITIONAL 2.5 

MALE AGE 50 WEEKS ON 400 M6 DAILY 

CURVES- D- OFF DRUG 2 WEEKS 

Fir. 2. — Fractional ga.stric analy.sis in relation to treatment with dimethyiaminoethyl 
. benzhyar>*l ether hydrochloride. 

Sfcm.—Followhig the oral, intravenous, and topical application of the 
benzhydryl ether, there was no demonstrable alteration in skin color or lempera- 
fure, but definite influence itpon capillary permeability (.see page 564 } teas 
seen and the Wstamine-irheal reaction was -strikingly altered. Dimethylamino- 
ethyl benzhydryl ether hydrochloride was applied to the volar surface of the 
orearm as a 1 per cent ointment in a cholesterol base, using first an aqueous 
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CASE MS. 

female age 25 YRS. 


CURVES- A- CONTROL 
CURVES -B- after DRUG 200 MG. DAILY 
FOR 2 WEEKS, 


Fig. 3. — Fractional eu.-’lric analysis In relation to treatment with dlmethylamlnoethyl 

benzhydrji etltcr hydrochloride. 



I DEGREE =0.00365 6M.HCL, TOTAL ACID 


FREE ACID 

CURVES-A-CONTROL 

CASE A,C- CURVES'B- AFTER DRUG 200 MO. ' 

MALE AGE 23YRS. DAILY FOR 2 WEEKS. 

4 Fractional gastric analysis In relation to treatment with dlmethylamlnoethyl 

Fig. i. Jfraciionai ea , jjenzhydryl ether hydrochloride. 
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and later a nonaqueous phase. One hour later histamine was applied in the 
usual way to both forearms. In no instance was there a diftercnce in the size 
or intensity of the histamine wheal and erythema as a result of the previously 
applied ointment. However, a similarly prepared ointment of 5 per cent strength 
completely suppressed the response to histamine. 

5 MINUTE READING 10 MINUTE READING 


BEFORE 

TREATMENT 




\ 


V 

\ 










BOO MG DAILY 

c 

< \ 


1 WEEK 

\ o ; 





' / 
s y 



^ ^ 



300 M6 DAILY 

o 

o ^ 


2 WEEKS 


NO 

( 

400 MG DAILY 



ERYTHEMA 

3 WEEKS 


v 

'nNO 

4 WEEKS 


) 

(WHEAL 

(NOR 

J ERYTH. 

OFF DRUG 

1 WEEK 

S.V 




ACTUAL SIZE 

WHEAL 

ERYTHEMA 

Fic. 5. — ^Dermal reaction to histamine, five and ten minutes after application, respec- 
Uvely, in patient (O. K.) before, during, and after treatment with dimethylamlnoethyl 
benzhydrj’l ether hydrochloride (two-thirds actual size). 

The average results of skin sensitivity to histamine applied intradeiinally 
in five control subjects according to a method premously described® are noted in 
Figs. 5 to 7. The degree of reaction in each instance is recorded as a percentage 
of the initial response, or response of the “fore” period. As was to be ex- 
pected, sensitivity to histamine varied considerably from patient to patient. 
For instance, in tvo subjects the sensitivity -svas not sufficiently great prior to 
treatment vrith the drug to justify continuation of study in them. Because of 
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these facts, each of tlie five subjects mentioned ^vas made his own control. It is 
clear from Fig. 5 that the average therapeutic dose of 50 mg. of the benzhydryl 
ether administered three times daily, was capable of producing an appreciable 
reduction in the severity of the histamine reaction. A further striking decrease 
occurred when 300 mg. per day were given, beyond whicli additional increments 
in dosage had little, if any greater, effect (up to 400 mg. daily tried). 

These sldn reactions closely paralleled the behavior of the s}'stcmic reactions 
to the histamine injections which were used in carrying out the fractional 
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gastric analyses (0.25 mg.). Two “normal’* subjects obtained such a reaction 
in the “fore’’ period, wliicli was completely abolished by the use of 150 mg. 
of the drug daily for as little as ten days. Reactions were ameliorated in one 
asthmatic patient by the use of 300 mg. of the drug and completely abolished 
in the same patient by 400 mg. daily. 

Blood . — ^The erythrocyte and leucocyte counts, hemoglobin determinations, 
and differential AA’hitc counts performed in all subjects before and in most of 
them during treatment with dimethylaminoelhyl benzhydrj’l ether hydrochloride 
failed to show any significant changes. Hematocrit readings and the speed of 
sedimentation of the erA’throcytes noted in eight control subjects and in four 
patients were comparable in each individtial instance before, during, and after 
treatment. 



In aU sixty subjects, the blood nonprotein nitrogen, urea nitrogen, cre- 
atinine, and glucose were within normal range before, during and after therapy 
with the alkamine ether. Total proteins, the albumin-globulin ratio, total and 
free cholesterol, alkaline phosphatase, the icteric index, and the van den Bergh 
leaetion, and the cephalin flocculation were determined in sixteen subjects by a 
method previously described.® No significant variations occurred in relation to 
treatment with benadryl. 

The Tlwrapeutic Activity of Dimethylayninoethyl Benzhydryl Ether Hydro- 
cJaonde.~The responses of twenty-six patients who have received dimethyl- 
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aminoethyl benzhydryl etliei' liydrochloride are tabulated in Table I. These 
suggest the probable future trends of therapy Avith benadryl. 

Untoward Reactions. — ^An undue sense of fatigue and sleepiness occurred 
in approximately 15 per cent of thii'ty-six subjects. Dizziness and hlurring 
of vision was noted in three subjects. A transient partial amnesia occurred in 
one subject who received 400 mg. of the drug in a single dose. 

. DISCUSSION 

Untoward Reactions. — In the acceptance or rejection of any agent for 
therapeutic purposes, the nature, severity, and duration of untoward reactions 
must be prime considerations. The unpleasant symptoms produced by dimethyl- 
aminoethyl benzhydryl ether hydrochloride have been of mild degree, sometimes 
disappearing while the medication was continued. They have always been 
relieved promptly bj”^ discontinuing the drug or by decreasing the amounts 
administered. Indeed, when the amine is given orally, their occurrence is ex- 
tremely rare. Other woricers have had a similar experience. 

Nature of the Action of Benadryl. — The vigorous antiliistamine action of a 
series of benzhydryl alltamine ethers, to which dimcthylaminoethyl benzliydrjd 
ether hydrochloride belongs, has been amply demonstrated in animals’’ * and 
in human beings.® The present studies further illustrate the clinical applica- 
bility of these effects, since patients with asthma, functional dysmenorrhea, and 
urticaria have been successful!}’- treated. 

The role of histamine in the production of functional dysmenorrhea may 
be questioned, but the relation of certain types of this condition to the activity 
of the autonomic nervous system seems to be rather clear.’"'’® The influence 
of dimethylaminoethyl bcnzhydrjd ether hydrochloride upon the clinical syn- 
drome of spastic colon is not so clear, although here again a direct antihistamine 
effect may be operative,’^ particularly in view of the fact that histamine may 
be readily sjmthesized by the intestine.’® Further evidence for the antihistamine 
nature of the action of the drug is its ability to lower gastric acidity. Current 
concepts accord histamine a normal role in the production of hydrochloric acid 
by the stomach.”’ ’“’ It seems logical to assume from the present data that 
the decrease or even disappearance of free hydrochloric acid from the gastric 
juice of patients receiving the alkamine ether is due to its retarding effect upon 
that activity of histamine. 

The tendency for histamine to cause tissue exudation may be related to an 
alteration in the peimeability of the capillaries. If that is so, then the decrease 
in permeability produced by the benzhydryl ether in the present series of experi- 
ments would be additional proof of an antagonism to histamine. 

When the antispasmodic action of dimethylaminoethyl benzhydiyl ether 
hydrochloride is compared with that of papaverine, its potency is "approx- 
imately 650, 50, and 1.3 times that of'the latter drug relative to antagonism of 
histamine, acethylcholine, and barium chloride, respectively. Therefore, 
while the antihistamine action is by far the most strildng feature of the action 
of dimethylaminoethyl benzhydrjd ether hydrochloride, its direct effect upon 
the autonomic nervous system deserves consideration. 
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Topical application of the drug' to the eye results in pupillary dilatation. 
This appears to be an atropine-like or at least a parasympathetic depressant, 
effect. The response is hastened but not increased bj' the simultaneous use of 
epinephrine. 

The failure of the drug to accelerate the pulse, except in the largest doses, 
or to increase blood pressure is further evidence that the direct sjunpathomimetic 
influence is slight or nonexistent, -while the antihi.stamine effect is great. This 
makes the drug particular!}' desirable as an antispa-smodic in asthma, where too 
often cardiac acceleration and even failure exist before treatment is begun. The 
mild quieting action of the drug is of value in connection -with all of the gastro- 
intestinal neuroses, the urticarias and, indeed, any allergic condition; such 
sedative property is not shared by epinephrine or any of its chemically related 
substitutes. 

We may conclude that dimethylaminoethy] benzhydr}*! ether hydrochloride 
(benadryl) is apparently an effective agent for use in allergic disease. Ob- 
A-ious advantages over other agents ordinarily employed for such conditions 
are the low toxicity and the freedom from unpleasant cardiovascular and nerv- 
ous symptoms. Complications due to treatment include somnolence and ortho- 
static h}’potension, either of which may nece.ssitate a decrease in dosage, but 
these conditions almost never completely preclude the successful use of the drug. 


SUMMARY 


1. The effects of dimethylaminoethyl benzliydryl ether hydrochloride have 
been studied in normal persons, and in those -with widely diverse diseases, most 
of -which have been associated Avith some disturbance of the autonomic nervous 
system. 

2. Besults of the following determinations were not abnormally altered 
in any of the subjects by the administration of the drug: basal metabolism, 
circulation time, renal function, erythrocyte and leucocyte counts, hemoglobin, 
differential white counts, hematocrit readings, blood urea nitrogen, creatinine, 
glucose, proteins, cholesterol, alkaline phosphatase, icteric index, van den Bergh 
reaction, and cephalin flocculation. 

3. An increase in weight occurred in four patients as a result of improve- 
ment in their general condition. 

4. The majority of subjects showed no change in pulse rate or in blood 
pressure. Orthostatic hypotension was observed in six subjects. A slight ele- 
vation in pulse rate was seen in five patients taking 400 mg. of dimethylamino- 
ethyl henzhydryl ether hydrochloride daily for relatively long periods of time. 

5. Pupillary dilatation, accelerated in its appearance but not increased in 
Its amplitude by epinephrine, was observed when the drug was instilled into the 
conjunctivae. 


6. Vital capacity and respiratory rate were iminflueneed by the drug, un- 
less initially lowered as a result of asthma. 

7 permeability was moderately decreased by prolonged treat- 

ment ^vith large doses of the alkamine ether compound. 
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8. Three of ten subjects receiving tlic drug intraveiionsly developed mild 

transient reactions. . ' 

9. Salivary secretion was apparently not influenced by the range of dosage 
employed throughout tliesc studies. Both free and total gastric acidity were 
strikingly decreased. The moutli-anus time was not altered in the nonnal sub- 
jects. Abdominal pain was relieved in ten of seventeen patients. 

V 

10. The degree of reduction in the size of the liistamine skin reactions 
was roughly proportional to the daily dose of drug administered. For a brief 
period after the drug was discontinued, the response to histamine was increased. 

11. Definite therapeutic effect ■was obtained from tlie drug in certain gastro- 
intestinal neuroses, asthma, functional dysmenonhea, and dermal allergy. 

12. Unto-ward reactions to benadryl were of mild degree and of infre- 
quent occurrence. They included dizziness, blun’ing of vision, wealniess, and 
somnolence. Each disappeared promptly upon discontiiniing the drug or de- 
creasing the dase. 
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APPLICATION OF THE I?h BLOOD TYPES AND Hr 
FACTOK IN DISPUTED PAKENTAGE 

At,F,XANnKR S. WiKNKn. ^I.D, 

Brooklyn, N. Y. 

N OW that the theory of multiple allelic genes' for the heredity of the Ph 
blood types is firmly established,** " these tests are being applied as a 
routine alongside of the ordinaiy blood grouping, subgrouping, and M-N tests 
in cases of disputed parentage. Sufficient evidence has also accumulated to 
justify the routine use of the standard Hr factor (HF),^' •' although sera cor- 
responding to the factor Ilr" I'cccntlj* described in England® are not yet gen- 
erall}* available. When discussing the application of the Rh blood types and 
standard Hr factor in the past, our practice has been merely to give the rules 
of inheritance, from which the possibilities for any particular mating could 
be derived. The proper application of these laws requires considerable genetic 
and serologic knowledge, however, and la^vJ’ers, in particular, have requested 
detailed tables listing all the possible matings for reference use. The tables 
are far more elaborate than in the case of the blood groups and jM-N type.s, 
and some of the matings involve rare types which will hardly ever be encoun- 
tered in practical work. Nevertheless, in view of the need for such a complete 
set of tables, this paper was prepared. 

THE EIGHT Rh BLOOD TYPES 

As shown in Table I, with the aid of the three varieties of Eh antisera, 
anti-Rho, anti-Rh' and anti-Rh", eight types of blood can be distinguished. 
The factor Eho was so designated because it has a special position in relation 
to the other tivo Rh factors. Thus, if the reactions of the anti-Rho serum are 
disregarded, a scheme of four types resiilts which is analogous serologically 
and genetically (except for the rare Rh* factor) to the four Landsteiner blood 
groups. 

When selecting the designations of the eight Rh blood types, I -was guided 
by the principle of maximum simplicity without ambiguity.'*'® Thus, blood 
not agglutinable by any of the three Eh antisera is said to be Eh negative, 
or, more simply, is said to belong to type rh. Types Eh', Rh", Rh'Eh", and 
rho are named after the antisera 'with which these bloods react. Type^ Rh, 
reacts with the two antisera, anti-Rh' and anti-Rho, and Rh^ is merely an 
abbreviation for Rh„'; similarly, Rh, is short for Eho". Types Rh^ and Rh, 
are so named, instead of RhoRh' and RhoRh", respectively, to indicate that 
the two factors Rho and Rh' in the former, and the factors Rho and Eh" in the 
atter behave like “partial” antigens in complex agglutinogens which are, 
as a r ule, hereditarily transmitted as units by the corresponding genes, E‘ 

X. T. ILe Serological Laboratorj- of the Office of the Chief Medical Examiner. Xerr York. 
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Tabi.e I. Classification of Eight Eh Blood Types 


BLOOD CONTAINING FACTOR Ell„ 

BLOOD NOT CONTAINING FACTOR Bll„ 

DESIGNATION 

REACTIONS WITH SERA 

DESIGNATION 

REACTIONS WITH SERA 

OF TYPES* 

ANTI-Eh' 1 ANTI-Eh" 1 ANTl-Eh, 

OF TYPES* 

ANTI-Eh' 1 ANTI-Eh" i ANTI-Eh, 

rh„ 

Eh, 

Eh. 

Eh, Eh. 

- - + 

+ - + 

- + + 

+ + + 

rh 

Eh' 

Rh" • 
Eh'Bh" 

+ - - 

_. 4 - 

+ + - 


•Type rli \vna formerly designated Rh negative; type Rln contains the two factors Rho 
and Rli', the name Rhi being short for Rho'; similarly, Rhj Is short for Rho", and RhiRhi is 
short for Rho'Rho". 


and R‘. Typo rlio is printed tvitli a small “r” to indicate that this type bears 
a similar relation to typos Rlij, Rh,, and Rh.Rhi to that tvhicli type rh bears 
to Rh', Rh", and Rh'Rh", In giving the names of the Rh types verbally, 
however, it is not nceessary to say small *'r” or large “r,” as the ease may be, 
because the qualifying subscripts and superscripts will prevent any ambiguity. 

According to the theory of six allelic genes,’ the eight Rh blood tjqies are 
hereditarily transmitted by means of a series of allelic genes, r, 7?', E", i'”, R‘, 
and R‘. It Avill be noticed that in order to avoid confusion between the names 
of the Rh genes and genotypes on the one hand, and the Rh agglutinogens 
and phenotypes on the other, the letter "h" is omitted, and italics are used 
in the designations of the former. The uniform use of qualifjdng superscripts 
in the gene symbols is necessary in order to conform with the practice of 
geneticists when naming genes belonging to a single allelic series. Under the 
six-gene theory, twenty-one genotypes are possible, and the way in which these 
correspond with the eight standard Rh types is shown in Table II. 

Table II. Eight BU Types and Theip. Twenty-One Genotypes* 


Eh BLOOD TYPES possible OENOTYTF.S 


Th 

rr 

Eh' 

E'E' and E’r 

Eh" 

E"E" and E''r 

Eh'Bh" 

E'E" 

rli. 

ror’ and r^r 

Rh, 

EiE', E/E', E/r, E/ro, and B'ro 

Eh, 

E/Ei, E*E", E'r, S^ro, and E"ro 

Eh,Bh. 

EiE«, E/E", and E'E* 


•Does not take Into account the rare K* gene or the rare Intermeillate genes. 


When the Rh blood types are applied in cases of disputed parentage, the 
practical consequences of the theory of six allelic genes can be summarized 
in the following two rules ; (1) The factors Rho, Rh', and Rh" cannot appear in 
the blood of a child unless present in the blood of one or both parents. <2) 
AYhen either parent belongs to type RhiRh, or Rh'Rh", no child of type rh or 
rho can occur. Similarly, parents of type rh or rho cannot have children of 
type RhjRh,' or Rh'Rh". 

In studies of the eight Rh blood tj'pes on a total of 300 families with 620 
children, we have not encountered a single exception to these two rules of 
heredity.^' The theory of six allelic genes is also supported by statistical 
studies on the distribution of the Rh blood types in the general population.” 














nil BLOOD TVPKS AND HR FACTOR IN DISPUTKD PARKNTAOE 


Table III. Eight Bh Bixjod Tvpes in* Disputed Pap.ektace 


MATIN'O 

IF CHILD belongs TO 
ONE OF FOLLOIVINO 
TYPES, PAP.ENTAGE 

IS POSSIBLE 

IF CHII.P BKI.ONOS TO 
OXE OF FOELOWIXO 
TTFES, PAEEXTAGE 

IS EXCLUDED 

IF ailLD DKLONGS TO 
ONE OF FOLLOITINO 

types, paeentaoe is 

HIGHLY IJIPROBABLE 

rh X rh 

rli 

Rh„ Rh„ Eh.Eh., 
rh„ Rh', Rh", and 
Rh'Rh" 


rh y Rh' 

rli and Rh' 

Rh„ Rh„ Rh,Rh„ 
rh„ Rh", and 

Eh'Rli" 


tIi X Rh" 

rli and Eh" 

Rh„ Rh„ Rh,Eh„ rh,, 
Rh', and Eh'Eh" 


rh X Rh'Rh" 

Rh' and Rh" 

Eh„ Eh„ Eh,Rh„ 
and rh. 

Eh'Eh" and rh 

rh X rho 

rh and rh. 

Eh„ Rh,, Rh,Rh„ Eh', 
Rh", and Rh'Rh" 


rh X Eh, 

Rh„ Eh', rh„, and rh 

Rh,, Eh", Eh,Eh„ 
and Eh'Eh" 


rh X Eh, 

Rh„ Eh", rh,, and rh 

Eh„ Eh', Eh.Rh,, and 
Eh'Eh" 


rh X RhjRli, 

Rh„ Rh„ Eh', and 

Rh" 


Eh.Eh,, Eh'Eh", rh„ 
and rh 

Eh' X ;sh' 

rh and Eh' 

Rh„ Eh„ Eh,Eh„ rh„ 
Eh", and Eh'Eh" 


Rh' X Rh" 

Rh', Eh", Rh'Rh", 
and rh 

Rh„ Eh„ Eh,Bh„ 
and rh. 


Rh' X Rh'Rh" 

Rh', Eh", and 

Eh'Eh" 

Eh„ Eh„ Eh.Eh,, 
and rh. 

rh 

Rh' X rh. 

Eh,, Eh', rh„, and rh 

Eh„ Eh", Eh,Eh„ 
and Eh'Eh" 


Rh' X Rh, 

Rh„ Eh', rh,, and rh 

Rh,, Eh", Eh,Eh„ 
and Eh'Rh" 


Rh' X Rh, 

Eh„ Eh,, Rh', Eh", 
Eh,Eh„ Eh'Eh", 
rho, and rh 



Rh' X Eh, Eh, 

Eh„ Eh„ Eh', Eh", 
Eh.Eh,, and Eh'Eh" 


rh, and rh 

Eh" X Eh" 

Rh" X Eh'Eh" 

Eh" and rh 

Eh', Eh", and 

Eh'Eh" 

Rh„ Eh„ Eh.Eh,, rh„ 
Eh', and Eh'Eh" 

Eh., Eh,, Eh.Eh„ 
and rh. 

rh 

Rh" X rh, 

Rh" X Eh. 

Eh,, Eh", rho, 
and rh 

Eh„ Eh,, Eh', Eh", 
Eh.Eh,, Eh'Eh", 
rho, and rh 

Rh., Eh', Eh.Eh,, 
and Eh'Eh" 


Rh" X Rh, 

Rh" X Eh, Eh, 

Eh,, Eh", rh,, and rh 

Eh„ Eh„ Eh', Eh", 
Rh,Rh„ and Eh'Eh" 

Eh., Eh', Eh.Eh,, 
and EhEh" 

rh, and rh 


(Continued on next page.) 
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Tabu; III — Ojnt’d 


MATING 

IF CHII.T) BKrX)NOS TO 

ONE OF FOr.I.OWINO 
TYPES, PABENTAOE 

IS POSSInEE 

1 

IF CHILD BELONGS TO 
ONE OF FOLTXnVlNO 
types, PABENTAOE 

IS EXCLUDED 

IF child beixings to 

ONE OF FOLLOWING 
types, PABENTAOE IS 
HIGHLY IMPBOBABLE 

Kh'Kh" X Rh'Rh" 

Rh', Rh", Rh'Rh" 

Rh„ Rh„ Rh,Rh„ 
and rh. 

rh 

Rh'Rli" X rli„ 

Rh,, Rh', Rh„ and 

Rh" 


Rh.Rh,, Rh'Rh", 
rh, and rh 

Rh'Rh" X Rh, 

Rh„ Rh', Rh„ Rh", 
Rh,Rh„ and Rh'Rh" 


rh, and rh 

Rh'Rh" X Rh, 

Rh„ Rh', Rh„ Rh", 
Rh,Rh„ and Rh'Rh" 


rh, and rh 

Rh'Rh" X Rh.Rh, 

Rh„ Rh', Rh„ Rh", 
Rh,Rh„ and Rh'Rh" 


rli, and rii 

rh„ X rh„ 

rh, and rh 

Rh„ Rh„ Rh,Rh„ Rh', 
Rh", and Rli'Rh" 


rh, X Rh, 

Rh„ Rh', rh„, and rh 

Rh„ Rh", Rh.Rh,, 
and Rh'Rh" 


rh„ X Rh, 

Rh„ Rh", rh,, and rh 

Rli„ Rh', Rh.Rh,, 
and Rh'Rh" . 


rh, X Rh,Rh, 

Rh„ Rh„ Rh', and 

Rh" 


Rh.Rh,, Rh'Rh", rh., 
and rli , 

Rh, X Rh, 

Rh„ Rh', rh„, and rh 

Rh„ RIi", Rh.Rh,, 
and Rh'Rh" 


Rh, X Rh, 

Rh„ Rh„ Rh', Rli", 
Rh,Rh„ Rh'Rh", 
rli„ and rh 



Rh, X Rh,Rh, 

Rh„ Rh„ Rh', Rh", 
Rh,RIi„ and Rh'Rh" 


rh, and rh 

Rh, X Rh, 

RIi„ Rh", rh„ and rh 

Rh„ Rh', Rh.Rh,, and 
Rh'Rh" 


Rh, X Rh,Rh, 

Rh„ Rh„ Rh', Rh", 
Rli,Rh„ and Rh'Rh" 


rli. and rh 

Rh,Rh, X Rh,Rh, 

Rh„ Rh„ Rh', Rh", 
Rh,Rh„ and Rh'Rh" 


rh, and rh 


However, that rare but valid exceptions to the second rule of heredity may 
eventually be encountered follows from the discovery of the rare 22' gene by 
- Murray, Race, and Taylor^- and of the so-called intermediate genes by me.^’ 
Accordingly, when applying the Rh tests in disputed parentage, while any 
contradiction to the first rule of heredity should be considered reliable proof 
of nonparentage, a contradiction to the second rule may be only considered 
as evidence that parentage is very improbable. 

In Table III, are listed all the possible matings of the eight Rh blood types, 
giving the types possible among the children under the six-gene theory. In the 
third column of Table HI are given the types which cannot occur in the chil- 
dren based on the first rule ; in such instances parentage is definitely excluded. 
In the Jast column are given the types excluded by the second rule ; in such 
instances parentage is highly improbable, as has just been explained. 







Uft 111,001) TVI-US .\NI) IIK I-ACTOK IN I)I,SI*UTi:i) I'AKIlNTAOi; Ol!) 

Tin; STANOAin) Hr i'actou and tih; kioht Rh TYpr,:s 

As has already been mentioned, the .standard Jlr factor (or the factoi- Hr') 
is the only ITr factor generally available at the present time for practical use 
in clinical and legal medicine. Aecordintr to the theory of Kace and Taylor,''* 
and Race and associates.’’’ vhich is now well e.stablishcd, this factor occurs as 
a partial antigen in the agglutinogens determined by genes r. r”. R", and R~ and 
is absent from the agglutinogens determined by genes and R^ (and R^ and R^). 
Briefly, therefore, standard ITr is related to the ITh' factor in the .same way that 
is related to N, and. to indicate this, the .standard Hr factor was designated 
Hr' by me.’^ 

Table IV. Ci.assificatio.v or Rh llunm Types a.vb Subtypes 


Bh 

Bi.oon i 

REACTIONS 'WITH SER.V 

CENO- 

REACTIONS 

WITH sera 

Kh 1 

Sl'B- 

Aprr.Oxi- 
mate dis- 

TEIBUTIOX 
(PEE CEKT 

AXTI.Rh' 



TYPES 



TYPES j 

AXTi-Hr' j 

AXTi.Hr" 

TYPES 1 

AJIOKG C.\U- 
rA.SIAX."; IN 
NEW VOF.K) 

tIi 

Xcg. 

Xeg. 

Keg. 

rr 

Po.*-'. 

Pos. 

— 

13.0 

Rh' 

Pos. 

Keg. 

\ 

iru’ 

R’r 

Keg. 

Pos. 

Pos. 

Pos. 

RliTSh' 

Rh’rli 

1 1.0 
3.0 1 

Rli” 

Xcg. 

Pos. 

Keg. j 

i r"j;" 

1 

Po.". 

Po'. 

Xo;;. 

Pos. 

RIi"R)i" 

Rh"rh 

•205 1 0,5 
O.o ) 

BliTUi" 

Pos. 

Pos. 

Keg. 

R'R” 

Pos. 

Pos. 

— 

.01 

rh. 

Neg. 

Keg. 

Pos. 

1 roro ) 

1 ror } 

Pos. 

Pos. 

— 

2.0 

Rh. (Bh;) 

Pos. 

Keg. 

Pos. 

) 

Utr.' } 
J?'r 'v 
BiEo y. 
. R'r» J 

Keg. 

Pos. 

Pos. 

Pos. 

Rh.Rh, 

Rli.rh 

20.0 I 

Ut.O 

34.0 J 

Rh,(KIC) 

Keg. 

Pos. 

Pos. 

■ 1 
B^B” \ 

B^r 'i 
j’2ro 1 

. R"ro J 

Pos. 

Pos. 

Keg. , 

Pos. 

RhJJIi, 

Rlsrh 

3.0 1 

M5.0 

12.0 j 

Kh,R)i, 

Pos. 

Pos. 

Pos. 

f B>B^ 1 
\ B'B^ \ 
1 BiB") 

Pos. 

Pos- 

— 

14.5 


^ As shown in Table IV, ^Hth the aid of anti-Hi-* serum, the types Rh, and 
Rh can each be divided into two subtj'pes, thus increasing the number of identi- 
fiable types of blood from eight to ten. In a similar manner, wth the aid of 
anti-Hr" serum, it Avill be possible to subdivide tj-pes Rh, and Rh", further in- 
creasing the total number of Rh tj-pes to twelve. The designations of the sub- 
tjpes uere selected to indicate the most common genotype occurring among in- 
dividuals belonging to the .subtype in question. Again the designations have 
)een made as simple as po.ssible, and there is still no danger of ambiguity, be- 
eausc, for example, the designations of phenoti-pes RhiRli^ and Rlip-h Vould 
laraiy be confused with the designations of genot\-pes R’R’-and Rh-. 
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nso 


TAm.r, y . Exclusions os Paiiuntaok PossinLn With Aid of Standauii Anti-Kpw Si-.ha* 



IK cnil.n IlKLONGS TO 

IF cniI/D BEIXINOS TO 

IF cmi,!) HELONOS TO 


ONE -OF rOLLOtVINO 

ONE OF rOUXlWiNG 

ONF, OF FOLMWINO 

1 

TYKKS, rAKF.NTACK 

TypE.S, PAP.ENTAGE LS 

TYPER, PAUENTAOE IS 

MATINO 

IR rORRIBI.E 

EXCTiEBEP 

lIIGTirA' IMPROBADTiE 


rli \ ]Jli'Pir 

Jlh'Hi 

rh, Eh’Eh' (Eh„ Eh., 
Eh,Eli,, rh.,, Eh", and 
- Eh'Eh") 

- 

I'll X Ph'rli 

Eh'rh uiitl Hi 

Eh'Eh' (Rh,, Eh,, 

Eh,Eh., rh„, Eh", and 
Eh'Eh") 


Hi X PIi'Rh" 

Eh'rh and Eh" 

Eh'Eh' (Eh„ Eh,, 

Eh,Eh;, and rh„) 

(EIi'Eh" and Hi) 

Hi X RliiRli, 

Eh,rh ami Eh'Hi 

Eh,Eh„ Eh'Eh', rh„. rh 
(Eh., Eh", Eh,Eh., and 
Eh'Eh") 


Hi X Rh.rh 

Eh,Hi, Eh’rh. rh,„ and 
Hi 

Eh,Eh„ Eh'Eh' (Eh., 

Eh", Eh,Eli., and 
Eh'Eh'') 


Hi X Eli,Rli; 

Eh,rh, Eh'rh, Eh., and 
Eh" 

Eh,Eh„ Eh'Rh' 

(Eh,Eh„ Eh'Eh", 
rli„, and Hi) 

Kli'Rli' xRh'KV 

Eh'Eh' 

Eh'rh, Hi (Eli,, Eh, 
Eh,Eh., rh„. Eh", and 
Eh’Eh") 


RliWxRh'Hi 

Eh'Eh' and Eh'rh 

rh (Eh„ Eh., Eh,Eh.. 

Hi„, Eh", and Eh'Eh") 


Rli’Hi X Rli'Hi 

Eh'Eh', Eh'Hi, and Hi 

(Rh„ Ell., Eli,Eh., Hi„, 
Rh", and Eh'Eh’’) 


Rli'Rh'xRli" 

Eh'rli and Eh'Rli" 

Eh'Eh', Eh", rh (Eli,, 

Eh„ Eh,Eli„ and rh„) 


Rh'rli X Rli" 

Eh'rh, Rh'Rh", Eh", 
and Hi 

Eh'Eh' (Eh„ Rh„ 

Eli,Rli„ and rh„) 


EliTIh' X 

Rli'Eh" 

Eh'Eh' and EIi'Eh" 

Eh'rh, Eh" (Eh„ Eh., 

Eh, Eh,, and rh„) 

(rh) 

Rli'rli X Rli'Eh" 

Eh'Eh', Eh'rh, Eh", 
and Eh'Eh" 

(Eh„ Eh„ Eh,Eh., and 
rii„) 

(rh) 

Eli'Rh' X Hi„ 

Eh,Hi and Rh'rli 

Eh,Eh„ Eh'Rh', rh„, rh 
(Eh., Eh", Eh,Eh., 
and Eh'Eh") 


Eli'Hi X Hi„ 

Eh, Hi, Eh'rh, rh„, and 
rh 

Eh,Eh„ Eh'Eh' (Eh,, 

Eh", Eh,Eh., and 
Eh'Eh") 


Eli'Rli'xEli.Eh, 

Eh,Eh„ and Eh'Eh' 

Rh,rh, Eh'rh, rh„, rh 
(Eh,, Eh"; Eh,Eh., and 
Eh'Eh") 


Eli'RV X Eh, Hi 

Eh,Eh„ Eh,rh, Eh'Eh', 
and Eh'rh 

rh„, rh (Rh., Rh", 

Rh,Eh,, and Eh'Eh") 


EU'rh X Eh, Eh, 

Rh,Rh„ Bh,Hi, 

Eh'Eh", and Eh'rh 

rh„, rh (Rh., Rh", 

Rh,Eh., and Eh'Eh") 


Eh'rh X Eh,rh 

Eh,Eh,, Eh'Eh', Eh,Hi, 
Eh'rh, rh„, and rh 

(Rh,, Rh", Rh,Eli., and 
Eh'Eh") 


Eh'Eh' X Ell; 

Eh,rh, Eh'rh, Rh,Rh., 
and Eh'Eh" 

Bh., Eh", rh„, rh, Rh,Eh„ 
and Eh'Eh' 


Eh'rh X Eh. 

Eli,rh, Eh'rh, Eh,Eh., 
Eh'Eh", Rh,, Eh",' 
rho, and rh 

Eh,Eh„ and Eh'Eh' 


Eh'Eh' X 

Eh,ElL 

Eh,Eh„ Eh'Eh', 

Rh,Eh,, and Eh'Eh" 

Eh„ Eh", rh„ and rh 

Eh,rh and Eh'rh 


•Types enclosed in parentheses are those excluded under the theory of six standard genes, 
ivithoiit the aid of anti-Hr serum {see Tabie III). 
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Tlie theory o1‘ Raee aiul Taylor leads to the following two additional rules 
ot heredity, whieh are of ]iraetieal value in prohleius of disputed parentage; 
(1) The factor Hr' cannot appear in the blood of a child unless present in the 
blood of one or both parents. (2) Parents of typo Ph,Kli, or Ph'Rh' cannot 
have ehildren of type rh, rh,„ Rh", or Rh_.. Similarly, ])arents of type rh, rlio, 
Rh", or Rlu cannot have children of type Rh,Rh, or Rh'Rh'. 

In a study of the ITr factor and Rh blood types in a scries of eighty-one 
families v/ith 127 ehildren, Sonn, Polivka, and I have not encountered a single 
contradiction of these two laws of heredity.’" Similar rc.sults have been ob- 
tained by Race and associates’"-” in studies on a larger series of families. 
Jforeover. invc.stigations on the distribution of the Hr factor and Rh blood 
types in the general population have also yielded rc.sults in conformity with 
the theoretical expectations.^- Therefore, it seems justified to apply these two 
laws without qualification in cases of disputed parentage. In fact, an cxelu- 
sion of parentage based on the Rh-ITr tests has already been accepted by at 
least one court as the principal basis for the acquittal of a falsely aecu.sed man 
in a paternity proceeding. » 

The practical conclusions that can be drawn from the two laws of heredity 
when applying the llr-Rh tc.sts in cases of di.sputed parentage arc presented in 
Table V. By iuereasing the number of identifiable Rh blood types from eight 
to ten, the use of anti-IIr serum has considerably increased the number of pos- 
.sible matings which must be included in such a table. "We have omitted from 
Table V those matings, such as rh x rh and rh x Rh", which arc given in Table 
III and in which the use of .standard anti-IIr serum does not affect the possi- 
bilities. In the remaining matings li.sted in I’alilc V. those t.A’pes which are 
excluded among the children on the ba.sis of the six-gene theory without the 
aid of anti-IIr serum have been placed in parentheses, in order to separate 
them from the tjqDcs excluded on the basis of the Rh-IIr theory .just discussed. 

SUMJI.\RY 

Tables I to Y liave been presented in order to facilitate the application of 
the Rh blood types and standard Hr factor in cases of disputed parentage. 
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THE RET.ATION 0]<' PII VETOEOfITC VAETABEES TO 
OJECUI.ATION TI.AIE 


ITerrhut a. Bailey, Ij. W. Dumas, SI.D.,! axd Borert W. LACiciry, Pii.l). 

Dallas. Texas 

C irculation times reported in the litcrntiirc on prc-sumably normal sub- 
jects exhibit very -wide varintion.s. Bernstein and Sinikins,* using mag- 
nesium sulfate, found a range of from 7 to IS seconds. Kvale and Allen,” using 
a “calcium and magnesium mixture,” found a range of from 5 to 24 second.s, 
witli an average of 13.7 .seconds. Smith, Alien, and Craig,^ using sodium 
cyanide, reported a range of from 12.4 to 33 seconds, witii an average of 20 sec- 
onds. Such ■wide ranges in normal values make it obvious tliat one could attach 
significance to a measurement of circulation time only when the value obtained 
differs very widely from the average. The measurements reported liere were 
made in an attempt to find some other easily measured factor or factore having 
a definite correlation with the circulation time, with the idea that such a finding 
would make it possible to narrow the range of circulation time for any .specific, 
subject and thus give added significance to the test. 

METHODS 

All measurements were done under basal conditions on fifty licalthy medical 
students who understood the nature of the tests and cooperated freelj-. In ad- 
dition to circulation time, determinations were made on ( 1 ) basal metabolic rate, 
(2) pulse rate, (3) respiratorj’- rate, (4) tidal air volume, (5) vital capacity, 
(6) arterial blood pressure, (7) pulse pressure, (S) breath-holding time, (9) 
minute respiratoiy volume, and (10) body surface area. 

The circulation time was detcimincd by using aminophyllinej; as the reagent, 
as was suggested by Koster and SarnoflV "'ith the exception 'that 0.5 ml. con- 
taining 120 mg. of aminopliyllinc was used rather than 1.0 ml. containing 240 
mg. as the}' suggested. The time recorded as circulation time w'as from the 
beginning of the injection to the I'caction. The reaction, or end point, is purely 
objective and can easily be taken before the subjective reaction occurs. The end 
point is usuallj' a sharp inspiration (prolonged and deep) which may be initiated 
at any phase of the respiratory cycle. When grimaces or .swallows preceded the 
inspirations, they were used as end points. Such reactions were uncommon. 

The basal metabolic rate was determined by using the Benedict-Roth ap- 
paratus, the only deviation from the accepted methods being that the students 
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were not confined to the Iniilding for the nifrlit iircecdiii" the test inorniii'r hut 
were allowed to present themselves at the lahoratoiy after having carried out the 
other accepted precantions. 

The respiratory minute volume was calculated from the tracing obtained in 
measuring the basal metabolic rate, using aJi interval of from 3 to C minutes, 
depending upo!i the regularity of the tracing. 

The breath-holding time was measured by giving the siib.icct a stop watch 
and instructions to determine how long he could hold his breath. There was no 
period of previous hypeiwentilation, and the subject was entirely alone and 
therefore not on a competitive basis. The test was usually terminated when the 
subject experienced a moderate discomfort. 

■ The other measurements were carried out by accepted standard procedurc.s. 

In order to standardize the results as much as possible, each of us per- 
formed tlie same specific dutj’ for each measurement. 


RESULTS 

The results obtained are summarized in Tal)le I which sliows the I’ange, the 
mean, and the correlation coefficient of each of the tests with circulation time. 

Examination of Table I .shows that the correlation coefficient between the 
pitlse rate and circulation time is -0.52, %vhich indicates an inverse relation be- 
tween these values. This value of the correlation coefficient is well above the 
1 per cent level and is therefore significant.^ The correlation coefficient between 
breath-holding time and circulation time is +0.33. which indicates a probably 
significant direct correlation. 

All of the other measurements, including that of tlie body surface area in 
square meters, tlie correlation coefficient of which is not given, failed to show 
any significant correlation mth circulation time. 


Table I. Values for Physiologic Varllbles ik Fifty A'orilal You.vc Adult.s .ist> 
Correlation Coefficients for Each With Circulation Tiiie 


Circulation time 
Reclining pulse rate 44.0 100.0 

Basal metabolic rate 70.0 122.0 

Room temperature (° C.) 31.0 29.0 

Oral temperature (° F.) 97.C 100.0 

Minute volume (Liters) 3.25 11.81 

Vital capacity (Milliliters) 2678.0 6350.0 

Breath-holding time (Seconds) 33.0 167.0 

Reclining respiratory rate 8.0 20.0 

Standing respiratorv- rate .S.O 22.0 

Reclining diastolic blood pressure ,56.0 90.0 

Reclining .systolic blood pressure 98.0 140.0 

ReeVluing pulse pressure 20.0 64.0 

Standing diastolic blood pressure 72.0 100.0 

Standing systolic blood pressure 104.0 148 0 

Standing pulse pres.=ure 16.0 64 0 

Distance from cubital fossa to 36.0 50 0 

sternal notch (Cm.) 


71.0 

92.6 

24.7 
98.57 

5.46 

4283.0 

69.0 

14.0 

16.0 

76.6 

117.4 
40.0 
87.9 

121.4 
33.3 

43.7 


-0.52 

-0.2061 

-0.184 

-0.144 

' 0.100 

- 1 ^ 0 . 0.59 

+0.333 

+0.0019 

-0.0064 

-0.2601 

-n.1880 

-0.0165 

-0.1930 

-0.2670 

-0.1060 

40.0136 
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UISGCSSIOX 

As is indicalod in Taldc 1, wa ol)sei-vc(l in ynnn" hoalthy adults a eivfulation 
lima u-hicli avera;j:cd 1(5 seconds with a range of from 5.5 to 32.S second.s. Using 
tlie same reagent, Koster and Sarnoff" ollsei-ved a range of from 7.1 to 20.4, 
with a mean of 12.4 .seconds. 'J'hcy used as subjects i)osloi)ci’ative patients with 
no eardiovaseidav disease. Beilis, Doss, and draft*’ obsei'ved a decreased circula- 
tion time following operation. This they attributed to iuerea.sed metabolic 
demands of the organism, whieii is manifested by increased temperature, pulse 
rate, and i-espiratory i-ate. Smith and Allen' also re])orled that circulation time 
is prolonged after the fourth postoperative day but is usually decreased during 
the first twent.v-four to forty-eight hours. hVinsilver* found the circulation time 
decreased following chest operations when the patient Avas given sufficient time to 
adju.st to the jiew condition. Tlie observations of these various workers concern- 
ing ])ostoi)erative ])atients may account for the difference of our mean as com- 
pared with that of Koster and .Sai-noff.^ 

The following observations with regard to j)ulse rate and its relation to 
circulation time, though not treated stati.stically by the various workers, seem 
to substantiate our restilts. Averbuek and Friedman" attribute the decreased 
circulation time in children to the rai)id heart rate and/or the short distance, 
but the latter in our experience shows no correlation. ^laey, Claiborne, and 
Ilurxthal,'" using decholin in normal subjects, observed an average circulation 
time of 13.0 seconds, but tlie jniisc rate avei’aged ST, which is 16.0 beats per 
minute higher than we observed, with an average eirmdatiou time of 16.0 sec- 
onds. Kvale and Allen" obsei’ved that atropine-induced tachycardia in human 
subjects, with little cliangc in blood pressure or skin temi>erature, produced a 
decrease in circulation time. 

To our knowledge, no attemiU at correlation of eireulation time to breath- 
holding time has been reported previously. This correlation in itself may be of 
no significance but is mentioned as an interesting observation. Though there 
seems to be a .significant direct relation.shii) between circulation time and breath- 
holding time, tills is applicable only in the normal subject, as it is a well-known 
fact that patients willi dyspnea of cardiac origin arc obviously short of breath 
but have prolonged circulation times. 

Attention is called to the average basal metabolic rate of 92.6 per cent. 
Although this value is definitely lower than the usually accepted mean, such a 
figure has been repeatedly shoivn to be compatible with this geographic area. 
Inasmuch as it would seem logical to as.snmc that the metabolic demands ivould 
be reflected in the cardiac output and hence in the circulation time, we Avcrc 
somewhat surprised to find that basal metabolic rate showed no correlation with 
circulation time. However, a review of the literature full.v supports our find- 
ings. Macy, Claiborne, and Hurxthal**’ observed that eireidation time was in- 
creased in h.vpothyroidisni but not in hypometabolic .states without myxedema 
and not in hypopituitarism. Baer and Isard'" foxind that circulation time could 
be correlated with basal metalmlic rate in hypothyroid and liypertliyroid states, 
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l)ul they found no such covrolation in other glandular diseases, in postmeno- 
pausal Iiypcrtension, or in normal subjects. Although thej' did not conclude 
this, lhe.se facts arc noted if their graplrs arc carefully studied. Goldberg, 
Kvale, and Allen" have shomi that there is almost an absolute inverse relation 
of circulation time to basal metabolic rate in hj'perthjToidism. There seems to 
be, therefore, some specific effect of the thyroid states on circulation time as 
compared with other metabolic disturbances and with the normal. This is 
further borne out by Boothby and IljTicarson’* W'ho noted that the cardiac out- 
put is greater in hyperthyroidism with a given oxygen consumption than in a 
normal subject exercised to bring his oxygen consumption to the same level. 

The other phj'siologic variables listed in Table I show no significant cor- 
relation with circulation time. 


SUJIJtARY AND CONCLUSION'S 

Circulation time ^vith the use of aminophylline was determined in fiftr- 
healthy yoiuig adults. The mean time was 16 seconds, with a range of from 
5.5 to 32.8 seconds. 

At the same time on the same subjects, the following measurements were 
made; reclining pulse rate, basal metabolic rate, oral temperature, nu'nute 
respiratory volume, vital capacity, breath-holding time, re.spiratoiy rate, re- 
clining and standing systolic, diastolic, and pulse pres.sures, and distance from 
cubital fossa to sternal notch. 

Correlation coefficients between each of these measurements and circulation 
time were determined, revealing a significant inverse correlation between pulse 
rate and circulation time and a probably significant direct correlation between 
circulation time and breath-holding time. No other correlations were significant. 

No untoward reactions to aminophylline in the dosage used were en- 
countered. 
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LABORATORY METHODS 


A PRIMARY STANDARD FOR THE COLORIMETRIC 
DETERMINATION OF HEMOGLOBIN 

B. L. HoRECKKn, Ph.D. 

Bethesda, Md. 

T he methods in general clinical use for the determination of liemoglobin fall 
into two categories : the older visual methods in which the color of the blood 
preparation obtained is compared with a colored standard and the photoelectric 
methods in which the light absorption of the solution is measured by means of a 
colorimeter which has prcmously been calibrated, usually by the manufacturer of 
the instrument. Neither of these methods has proved wholly adequate, since the 
colored standards may not accurately represent the color gi'cen by the blood 
solutions and are subject to changes as a result of aging, while the photoelectric 
instruments cannot be relied upon to retain their original calibration over an 
indefinite period of time. The previously available methods for the standardiza- 
^6n of hemoglobin solutions, such as the determination of iron content or gas 
capacity,” are too cumbersome for the average clinical laboratory-. 

Several methods based on the use of crystalline hemin as the pnmary 
standard have recently been suggested for the standardization of hemoglobin. 
Clegg and King^ and King, Gilchrist, and Delory^ have used solutions of crystal- 
line hemin in N/10 NaOH as a primary standard for the determination of hemo- 
globin as alkaline hematin. Drabldn" recommends hemin dicyanide prepared 
from hemin as a primary standard for the determination of hemoglobin as 
cyanmethemoglobin. While this latter method is probably the most precise of 
the colorimetric procedures, there is some objection to the i-outine use of cyanide, 
particularly in hospital laboratories. 

In this laboratory we have employed the alkaline hematin method, with 
standards prepai-ed by solution of erj-staUine hemin in N/10 borate buffer at pll 
9.4. These standard solutions are superior to the more alkaline solutions used by 
King and his co-workers in that they are more stable and have absorption spectra 
more closely resembling the spectrum of alkaline hematin prepared from whole 
blood. Such solutions have a further advantage in that they will not react ap- 
preciably with glass; they can therefore be kept in sealed tubes which might 
be used directly in the colorimeter for checking the calibration values. The 
stability of dilute cry’.stalline hemin solutions sealed into colorimeter tubes is now 
under inv&stigation, and the results will be de.scribed in a later communication, 

the lDdustri.iI Hygiene Research Laboratorj-, National Institute of Health. 
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Ilcmatin Solutions . — Alkaline hcmalin was prepared from human blood ac- 
cording to the method of Clegg and King, using oxalalcd blood samples stand- 
ardized by means of the Beckman spectrophotometer. The blood samples were 
diluted 1 :251 in N/10 NaOII, heated for five minutes in a boiling "vvatcr bath, 
and immediately cooled. It has been cstalilishcd that \inddr these conditions the 
conversion of hemoglobin to alkaline hematin is complete and reproducible.’ 

Crystalline hemin wa.s prepared from .skeep blood according to the procedure 
of Clifeorn, lilclocke, and Elvehjem,* and a commercial preparation was ob- 
tained.® The iron content of these preparations W’as determined by a micro- 
gravimetric method and by the colorimetric method described by Delory.® The 
results are given in Table I. Both preparations gave identical results; those 
reported in the following sections were obtained with the commercial preparation. 


Table 1 



i’o CONTEXT 

rURlTY 

Theoretical 

Sheep hemin, gravimetric 

Sheep hemin, colorimetric 

Commercial hemin, gravimetric 
Commercial hemin, colorimetric 

8.57 per cent 
8.G-1 per cent 
8.57 per cent 
8.55 per cent 
8.37 per cent 

101 per cent 

100 per cent 

100 per cent 

08 per cent 


Stock solutions of crystalline hemin containing about 1 mg. per cubic centi- 
meter- were prepared by dissolving accurately weighed quantities in N/10 borate 
buffer at pH 9.4® These solutions were allowed to age in the refrigerator and 
then w'erc accurately diluted with the borate buffer to give solutions of final con- 
centration ranging from 10 to 50 mg. per liter. The spcctrophotometric and 
colorimetric measurements were made on the same day the dilutions ■were pre- 
pared. 

For the spectrophotoiuctric measurements, nine solutions diluted from four 
stock hemin solutions were used; for the colorimetric measurements, a total of 
fourteen solutions diluted from four stock solutions were prepared. The stock 
solutions had been aged from one to thirty days. Twelve standardized blood 
samples, diluted in duplicate with 1 :251 blood diluting pipettes, were used in the 
calibration of tlie colorimeters. 

Absorption Spectra . — The absorption spectra wei’c detemined "with a 
Beclonan spectrophotometer using 10 mm. Corex cells and an effective slit width 
of 40 A. In Pig. 1 are compared the absorption spectra of the various prepara- 
tions of alkaline hematin. It Avill be observed that alkaline hematin prepared by 
dissolving crystalline hemin in N/10 NaOH (Curve II) differs considerably 
from alkaline hematin prepared from whole blood (Curve I), particularly below 
5,000 A and between 5,500 and 6,000 A. These differences are largely absent 
in ‘the case of solutions in N/10 borate buffer at pH 9.4 (Curves III and IF). 

Stability of the Crystalline Hemin Sohitions . — ^As has been pointed out by 
Collier,’ solutions of crystalline hemin in N/10 NaOH undergo a progressive 
change resulting in increases in absorption in the blue and red. Tlie spectrum 

^'rom IVie I-Cotlak Company; Rochester, N. Y. 
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gradually approaches that of licniin dissolved at pH 9.4, although the solutions 
do uot hecome stable even after two months at room temperature. In the case 
of solutions buffered at pH 9.4, a small initial change is observed during the 
first several hours (compare Curves HI and IV), but the solutions then appear 
to be stable. Since this preliminary change proceeds very slowly in dilute solu- 
tion, stock solutions containing 1 mg. per cubic centimeter of hemin are kept 
overnight before they are diluted for the absorption measurement. These stock 



Fig. 1 . — The absorption spectra, of solutions of alfeallne hematin. Curve /. alkaline hematln' 
prepared from ivhole blood in NAO KaOH; Curve II, crystalline hemSn in NAO KaOH, fresh solu- 
tion :X:ur\-e III, crystalline hemin in NAO borate buffer pH 9.4, fresh Eolation; Curve IT, crystal- 
line hemin in NAO borate buffer pH 9.4, dfluted from aged stock solutions. Curve B represents 
the transmission in per cent for the 5.700 A filter described In the text. Curve A is the traimmts- 
slon of the Chance green filter; Curve O the transmission of the Evelyn 565 filter. 

solutions may he used for one month. In the case of two preparations which 
had been kept five and eleven months, respectively, a decrease in absorption in 
the green was observed. Stock solutions should he discarded after they are one 
month old, and standards diluted from the stock solutions should be prepared 
fresh on the day they are required. 

Crystalline Hemin as a Primary Standard.— Tlhe solutions of hemin in 
horate buffer have been applied to the analysis of blood by the alkaline hematin 
method, using the portable photoelectric colorimeter praviously described® as 
well as the Evelyn colorimeter. Two of the portable instroment.s were used in 
the study. For the determination of alkaline hematin, a filter was selected to 
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give maximum traiismissiou al approximately 5,700 A, as shown in Fig. 1, 
Curve B. Tliis filter is composed of the follovfing Corning glasses: No. 9780, 
2.5 mm.; No. 3482, 2.7 mm.; and No. 5031, 1.5 mm. With this filter, both solu- 
tions of alkaline hematin, whether from blood or from crystalline hematin, follow 
the Lambert-Beer law. From theorclical consideration.s, the 5,700 A filter should 
be superior to the Chance green filter used by Clegg and King, Curve A, since 
most of the light transmitted coincides with the flat portion of the alkaline 
hematin spectnnn. With the Evelyn colorimeter, the 5G5 filtei’, Curve C was used. 

In Table II are given the ro.snlts obtained from a compari.son of solutions of 
alkaline hematin prepared from crj-slalline hemin with solutions of alkaline 
hematin prepared from blood as previously de.scribcd. 


TABLK ir. HE^tOflI.OnI^• EQOIVAI.E.XT ok CKYSTAI.I.INK IIKMI.V in tiOllATK, IJUKKER AT rH O.'l 


INSTRUMKNT 

nt-OOD IN 

N/10 NaOII 
(c IN o.M./lOO c.c.) 

nr.MiN IN N/IO 
ItOmVTK IlIIKKER pit 0.4 
(C I.V MO./MTEP.) 

MO./LITEP. HEMIN 
EQUIVALENT TO 10.7 
OM./lOO C.C. 
IlF.srOOIOBIN 

Colorimeter A 

log. 

— noiatf! 

log 

— n nn7o<ir! 

.30.0 

(1) 

T 

T 

Colorimeter A 
(2) 

log. 

~ 0.0121C 

T 

log 

— 0.00C28C 

T 

30.2 

Colorimeter B 

log. 

100 _ nnirisn 

log . 

100 _ nnn74Rn 

29.7 

(1) 

T 

T 

Colorimeter B 
(2) 

log. 

— 0.0130C 

T 

log . 

— 0.00741)0 

T 

29.1 

Evelyn 

log. 

— 0.21 7C 

T 

log . 

— 0.01250C 

T 

29.0 





Average 

29.G 


For each colorimeter, a calibration curve Avas constructed by plotting the 
logarithm of the transmission against the concentration of hemoglobin in the 
blood sample. A similar plot was made for the crj'stalline hemin data. Each 
of the curves was fitted by the method of least squares. In Table II are con- 
tained the equations obtained and the values of the hemoglobin equivalent for 
the hemin standards, computed by simultaneous solution of the equation pairs.- 

The calibrations designated (1) and (2) for colorimeters A and B were 
separated by a period of a month, during Avhich time changes in the amplifier 
circuit of colorimeter A were made. As will be noted from the corresponding 
equations, the transmission values were considerably different, yet there was no 
change in the value of the hemoglobin equivalent of the hemin standards. Since 
the amplifier changes resulted in a higher sensitivity, and therefore a lower lamp 
temperature, this observation is offered as an indication that such changes will 
not affect the value of the hemin standards. 

From Table II it wiU be seen that 29.6 mg. of hemin per liter of N/10 borate 
buffer will when prepared as described, give the same transmission as a blood 
sample containing 16.7 6m. per 100 c.c. of hemoglobin when the blood samples 
are converted to alkaline hematin at a dilution of 1 :251. Tn terms of molecular 



I'KIMARY STAXDAKl) FOR COI.ORlMCTRlU lUTTKRMlNATlOX OF HKMOGt.OBlX 


conceiilnitioii, l.U tnolcoiile.s of ciyslalline hciiiin arc rcqiiirtvl fo frive the same 
absorption as will be obtained from 1.00 molecules oi liemoglobin. Thi.s ratio is 
in csecllcnt asircemoni with that observed spcetrophotometrieally at about 
5,700 A. 

Presumably because of the calcium oxalate formed, oxalated blood samples 
give a somewhat lower transmission than do nonox'alated .sample.?. The results 
given in Table II were obtained with oxalated blood. With blood diluted directly 
from a finger puncture, the absorption values, and therefore the color ratio, 
are about 3 per cent lower. 

T.\bi.k hi. Co.mi>.\ri.sox or Coi/)i:i.N{ETaic Ai.kai.ixe Hem.vtik an'd Si’Ectp.ophotometric 
O xYiiEsiooi.oui.v Methods or Hkmooi.obi.v Dctep.mixwtiox 

ni.OOI) SPECrP.OPHOTOlICTRIC COI.OKTMKTKI: A COI.OiaitfTTEK B frVEI.Y.V 


sA.upr.F: 

oM./IOrt r.c. 

<;.^f./10a c-c. 

f;'t./10a c.c. 

c.M./lOO r.c. 

1 

13.4 

13..5 

13.6 

13.7 

o 

13.5 

1.1.7 

1.5.:1 

1-5.3 

3 

17.3 

is.n 

17.3 

IS.O 

4 

13.4 

13..1 

13.4 

13.7 

o 

13.0 

13.1 

13.1 

13.0 

6 

16.3 

16.3 

16.2 

16.2 


In Table III are given the results obtained by the alkaline hematin method 
when compared nith analyses on the Beckman spectrophotometer. The samples 
were determined as oxyhemoglobin at four wave lengths to insure the absence 
of significant quantities of other forms of hemoglobin. The spectrophotometric 
method had previously been calibrated by Van Slyke oxygen capacity determina- 
tions® and found to agree witliin 1.0 per cent ndth this method. For the alkaline 
hematin method, the accuracy is about 0,2 Gm. per 100 c.c. 

DISCUSSIOIS' 

For the purposes of photoelectric colorimetry, standard solutions must have 
absorption spectra closely approximating those of the unknown solutions. Only 
when this condition is satisfied will changes in filter transmission, in photocell 
sensitivity, and in lamp color temperature affect both standard and unknown in 
a parallel manner and peimit the standard to retain its validity in the event of 
such changes. It is further desirable that the standard solutions be stable over 
long periods of time in order to obviate the necessity for frequent preparation 
of fresh standards. Neither of these requirements is adequately met by solu- 
tions of erystaUine hemin in N/10 NaOH, As pointed out by CoUier, and in the 
present work, these solutions are unstable and qualitatively different in spec- 
trum from alkaline hematin. prepared from whole blood. Both the stabilitv 
and similarity to blood alkaline hematin are substantially improved by solution 
at the lower pH. 

SUMMARY 

1. Standard solutions for the colorimetric determination of hemoglobin by 
tbe alkaline hematin method may be prepared from crystalline bemin in N/l'o 
borate buffer at pH 9.4. Stock solutions containing 1 mg. per cubic centimeter 
must be aged overnight before dilution. 
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2. Tliese standard solutions give absorption spectra similar to that given 
by alkaline bematin derived from ijlood. 

3. With a yelloAV-green filter, 29.6 mg. ei’ystalline hemin per liter of N/10 
borate buffer at pH 9.4 will have an absorption equal to that of a blood sample 
containing 16.7 Gm. per 100 c.e., diluted 1:251 in N/10 sodium hydroxide. On a 
molecular basis, the ratio of absorption intensities is 1 :1.14. 

4. The accuracy of the alkaline hematin method is 0.2 6m. per 100 c.e. 

The author is indebted to Dr. E. J. King, for several specimens of the Cliance green 
filter, to Mrs. Dorothy Peterson, for valuable assistance in the spectrophotometric measure- 
ments, and to Dr. Herman Yngoda, for the gravimetric iron determinations. 
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A SIMPLE ELECTROCARDIOGRAPH CONTACT ELECTRODE FOR 
USE WITH THE SJLALLBR LABORATORY ANIMAL 

0. Boyd Houchin, Ph.D. 

Chicago, III. 

E xperimental electrocardiogram studies in relation to nutrition, as well 
as to other factors that ^vill cause disturbances of cardiac function, have 
always had the inlierent disadvantage of not having a suitable simple electrode 
available for use with the smaller animal. The smaller animal is usually prefer- 
able or demanded in these tj^es of experiments for economic reasons. The 
usual procedure has always been to devise a suitable electrode contact for the 
animal to be utilized in the study at hand. This has not always been practical, 
since the procedure is time consuming in the period the investigator discovers 
^Yhat wiU and what Yvill not work satisfactorily. The expense of losing what 
might have been valuable records should also be taken into consideration. 




J. — Photogrraph of a simple electrocardiograph electrode clip for use -nith smaller animal-. 


Illustrated in Fig. 1 Ls an electrode dc.signcd and constructed in tliis lab- 
oratory for use with the .smaller nnanesthetizod rabbit in conjunetion with 
dietary deficiency diseases and tlieir effect on the heart. The electrode clip, 
as used witli the rabbit, has a length proper of three inches, width of three- 
fourth inch, conventional round spring of one-half inch diameter for tension, 
soldered -wire connection, and is insulated with a .suitable material e.xcept for the 
inner t erminal facings. Spring bi-ass wire of 0.0575 inch diameter was ased 

From the Department of Elolo^cal Chemistry. Lojola UnUfrsity School of Medicine. 
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for constructing the clip. The tension is of the order of 125 Gm. at the electrode 
surface. The surface of the electrode to be attached to the animal is solid, elliptic, 
brass sheeting three-fourth inch long and one-half inch wide which fits snugly 
over tlie animal’s leg. Materials u-sed were of low electrical resistance. The 



Kig. 2. Electrocardiogram tracings of a norma! rabbit "vrelghlng 1,200 grams made with the 

electrodes described. 


length of the wire to the binding post should depend on the nature of the ap- 
paratus used to hold the animal. The design of the electrode was made of such 
a nature that it could be altered to be applicable for any size animal. Rabbits 
weighing 700 grams produced good results. 
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Tile electrode clip ivas designed so that the comfort of the animal could 
lie preserved and there still be tlic retention of contact. It was constructed so 
that the pressure resulting would not slop circulation nor cause pinching of the 
leg and struggle from pain. 

The electrocardiographic tracings of the three conventional leads of a nor- 
mal rabbit, using the pre\*iously described electrode clips, are presented in Fig. 
2. The animal was allowed to sit without anesthesia, and without being in a box, 
to prevent struggling. The clip electrodes were attached to the animal with con- 
tact being made through the use of concentrated sodium chloride as the electro- 
lyte or by use of EGG paste. The spring held the electrode in place on the leg. 
If necessary, brief anesthetic quantities of pentothal sodium may be used to 
quiet the animal and dispel muscle action potentials without interfering with the 
electrocardiogram.* 

The instrument used was a General Electric, Victor, Model A Electro- 
cardiograph. The sensitmty was set at 4 on the instrument. Upward deflection 
represents 1 millivolt for 1 cm. displacement. The time interval, vertical lines, 
represent one twenty-fifth of a second per line. With this electrode clip, the 
ordinaiy electroeai-diograph was found to be of use in .small animal studies. 


Dog. and'Certaln Drugs on ElectrocardloEram of 

oiated^lt^ titans Changes Asso- 

iiriin ijesicms \n. me ue«per lAvers of the Myocaraium, Am. J. II. Sc. 210: 100. 1945. 



A NEW TYPE OF GLASS CAGE FOR METABOLISM STUDIES* 


Kaui. E. Rapp, J. T. Skiner,! and J. S. jMcHarotje 
Lexington, Ky. 


F or metabolism expevimenls witli small animals, cages which provide a 
satisfactory method for separation of fecal matter from urine are highly 
desirable. Most of the cages described in the literature to the present time 
are modifications of one tjqie. Probably the earliest. and most satisfactory 
of these variations was used and described by Mitchell and Carman.i Cages 
of this type have several disadvantages resulting primarily from the use of 
filter paper to absorb the urine. First, between collection pei’iods, feces and 
scattered feed are in contact with the moist filter paper, increasing the possi- 
bility of transfer of the substance under investigation. Second, the large area 
exposed by the filter paper may cause some loss or oxidative change to take 
place in the specific fraction of the urine. Third, absorption of the urine on 
filter paper necessitates subsequent extraction for recovery. 

To avoid these objectionable features, we designed as a substitute the 
cage described in this article and have used groups of them very satisfactorily 
for metabolism studies wth albino rats. 


Referring to Fig. 1, the body of the cage was constructed from a one- 
gallon glass jug by cutting it off about one inch above the bottom and insert- 
ing the neck end through a nine-inch tripod on which it rests and is held in 
an upright position. A cover for the top of the cage was made from one-half 
inch mesh hardware cloth and was held in place by a suitable weight laid on 
top of the cover. The floor consists of a circle of this-wire which was cut to 
fit inside of the jug and was suspended by wires from the upper edge. The 
height to which this false bottom is adjusted will depend upon the size of 
the rat and the distance to the watering tube inserted through the cover. 
A smaller circle of twenty-mesh nichrome wire gauze supported just above 
the neck of the jug formed a “tray” on which feces were collected. A rigid 
loop of wire attached to the tray made a convenient handle for removing the 
tray and its contents. The neck of the jug was fitted with a rubber stopper 
through Avhich-a straight glass tube was passed until it was flush with the 
small end of the stopper. The urine drained through this tube and was col- 
lected beneath in a 200 c.c. Erlenmeyer flask, which contained approximately 
30 c.c. of 0.1 N sulfuric acid. The figure and description demonstrate the cage 
as used by us for a nitrogen metabolism experiment. Each day during the 
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collection period, the feces were removed and preserved under alcohol con- 
taining several drops of concentrated ILSO,. The neck and -wire circles of 
the cage were rinsed with hot 0.1 N n^SO^ which drained into the flask. The 
urine in acid solution was transferred to a hottlc containing several small 



Fig:. 1. — A new tjpe of glass cage for metabolism studies. 

crystals of thymol and was stored until the end of the collection period. The 
cage was again made habitable by flushing out the residual acid with water. 

Ease of construction and efficient manipulation render these eages vei’y 
desirable, especially since necessary materials are commonly found in labora- 
tories doing biologic work with small animals. 



AN ISOLATED HEART PERFUSION SYSTEM ADAPTED TO THE 
DETERl^IINATION OF NONGASEOUS METABOLITES 

With Sajiple Data Upon the Isolated !Monkev Heaut 

Captain jMaynard B. Chenoweth, Medical Corps, Army op the United States, 

AND EtHOL ShIEI^S IVOELLE 

S tudies of the uongaseous niotaboHsni of the heart during the action of 
drugs have not often been made. Wlien they are, lieart-lung preparations 
of the Starling type are most frequently employed. Data obtained upon such 
systems inevitably include the metabolism of the lungs, which is often signifi- 
cant.' Although a system has been devised to eliminate this difficulty,' it is 
not a particularly convenient apparatus. Furthermore, sucli systems depend 
upon blood for the perfusion medium. "While blood is admirably suited for 
many purposes, it does not permit ready manipulation of concentrations and 
varieties of components. 

The system of continuous perfusion to be de.scribed is simple and readily 
constructed in most laboratories. A modified Locke-Ringer solution is em- 
ployed as the perfusate, allowing variable concentration of any component. 
Mechanograms of the heart’s activity are readily obtained and show little 
variation or depreciation over a period of many hours. Furthermore, errors 
due to bacterial metabolism are largely eliminated by taking advantage of the 
bactericidal properties of ultraviolet light. The results of the past year’s 
work with this system have been so satisfactory that publication of the details 
of the method seems warranted. 


apparatus 


In Fig. 1 is shown the customaiy setup for such work. The water bath, o, 
surrounding the weighted reservoir, is maintained at 38.5° C. and contains 
the outflow siphon, 1, and oxygenating tube, 2; a cold Anger which effectively 
limits evaporation is represented by 3. Not shown is the extension of 7, the 
return tube, which is directed into the reservoir. The outflow tube requires an 
outer jacket of large rubber tubing during very cold weather but is ordinarily 
uninsulated. An excess length of rubber tubing is provided above the long 
cannula, 8, to permit removal of the cannula to a lower and more convenient 
position for the actual cannulation. The cannula is held in a spring clamp for 
ready transfer. The perfusion pressure is arranged to be no more than 50 cm. 
of perfusate. Raising the pressure above this level results in rapid edema 
formation and early failure. Care must be exercised in placing a tuft of well- 
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washed glass wool in the top portion of the cannula so this Avill be neither too 
tight to permit a free flow of perfusate nor too loose to be an effective filter. 
A beam .of ultraviolet light, 6, from a microscope substage lamp containing a 
mercury arc bulb* is focused upon the cannula and limits bacterial gTo^vth 
below 100 organisms per cubic centimeter after eight hours of perfusion, com- 
pared to several millions of organisms without irradiation. No .special glass 
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M’as ciui^Ioyed for the cannula, ordinai'y soft glass being satisfactory. No un- 
toward effects of the irradiation upon the experiments have been detected. 

The heart chamber, 10, is maintained at 39° C. by two 150-watt electric 
light bulbs and a thermostat (Fig. 2). Mixing of the air ndthin the chamber 
is accomplished by the air jet shown behind the bulbs. Humidity is main- 
tained by streams of rvarm water sprayed upon an evaporator formed of gaxizc 
pads suspended over a drain trough placed between the bulbs and the heart. 



Pig. 2. — Two view.s of tlic portion of tllo heart chamber occupied by tiio Iicating and 
h'umWifyit'S elements. At A are connected the termlnais from tlio tlicrmostat system indi- 
cated in Fie. 3. An air. .stream is introduced rit B. Not sliown arc the numerous perforations 
aiong llic side of tiio water sprayer of tlie hujuldiner. 

r-* 

The heart is mounted on the cannula and well within a bottomless 150 c.c. 
Florence flask, 11, inverted through a liole in the bottom of, the chamber. This 
receptacle is protected by a cellulose acetate screen against splashing from the 
humidifying system. The necessity for sudden changes in humidity or tem- 
perature is minimized by the provision of a transparent plastic door on the 
heart chamber. Dipping down into the receptacle is a glass and plastic pulley, 
S 'mounted on a flexible lead bar attached to the-top of the chamber (Fig, 3). 
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The lead is tightly wrapped with rubber dam to exclude accidental contami- 
nation of the perfusate. The glass bearings and axle of the pulley are simply 
made, the former by indenting the heated end of a glass rod ivith a sharp 
pencil and the latter by slowly turning a glass rod to a point against a fine 
abrasive stone. An almost frictionlcss bearing is thus obtained. Metal pulleys 
may not be used in this position, as the perfusate would soon contain toxic 
amounts of metallic salts. 

- A solid column of perfusate is maintained through the return system (Fig. 
1) below the receptacle to the point, 7 , where the upward air jet is admitted. 



Celluloid 

Flees 


Class Tubing 



PiR. 3. T^vo other half of the heart chamber (sec Fig. 2). The "c<"IIuloid piw" 

protects the heart from splashing from the humidifier. ' ' 
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This simple but little-used device, introduced for this purpose by LoCkc and 
Kosenheim,® may be said to break off portions of the perfusate column which 
are then blow up to the reservoir. The hydrostatic pressure of the inter- 
rupted fluid column in the upflow tube is much less than the hydrostatic 
pressure of the solid column in the dowflow tube. A proportion of 1 cm. of 
solid column in the downflow tube to 3 cm. of broken column in the upflow 
is easily handled by the system. Some experimentation may be necessary to 
establish the ideal conditions for each installation. 


Tahi.e 1. CoMrosiTioN OF rr,nKii.siON yi.uin.s* 


SUnSTRATE MATERIAI, [ 

NaCl 1 

KCl 

1 CaCl, 

1 MgCl, 

1 NaHCO, 

1 SUBSTRATE 

Glucose 

7.0 

0.42 

0.24 

■upK im 

2.1 

1.80 

Acetate, Na 

0.0 

0.42 

0.24 


2.1 


Pyruvate, Na 

. O.f) 

0.42 

0.24 


1.8 

0.78 


•AU weiphts are prains per Utcr of anhydrous saUf«. 


The modified Locke-Kiiigcr solutions which have been successfully 'em- 
ployed are indicated in Table I. All salts must be of the highest purity. 
Sodium chloride labelled “for biological work” (!Merck) is a most suitable 
preparation. Other forms of chemically pure sodium chloride have often been 
found unsatisfactory. An anhydrous glucose manufactured by Baker Chemical 
Company is suitable, but ordinary U.S.P. glucose is not. A mixture of 95 per 
cent oxygen and 5 per cent carbon dioxide is used to oxygenate and to maintain 
the pH of the perfusate. The latter always measured from 7.3 to 7.4 (glass 
electrode) when the temperature of the reservoir was 38.5° C. All gases arc 
admitted to the system after bubbling through distilled water. 

Certain other precautions are imperative for the procurement of long-lived 
preparations. All water which is used to make up the perfusate is redistilled 
through an all-glass system, and the perfusion .system is rinsed several times 
with this glass-distilled water after cleaning. All rubber tubing must be un- 
colored gum rubber and must be boiled for several hours in distilled water. 
The system must not be cleaned with chromate-sulfuric acid mixtures which 
leave significant amounts of highly toxic chromium salts despite diligent wash- 
ing. Protein is removed from the glass portions of the system with hot nitric 
acid, but cork and nibber portions must be cleaned Avith soap or hydro- 
chloric acid. Unrelaxed precaiition must be observed against the introduction 
of metal into the apparatus Avherc any possibility of contact with the perfusate 
cxi.sts. For example, condensate dripping off metal clamps is not ahvays im- 
mediately detected, Avhile iron filings have been found in the best glass avooI. 
The hook used to attach the Avriting leA'er to the heart is made from a detem- 
pered stainless steel hj'podermic needle. It may be pointed out that each pre- 
caution is based upon experience and cannot be oA'crlooked successfully. 

PROCEDURE 

In the study for Avhich this apparatus Avas employed, the procedure to be 
described Avas regularly folloAved. The perfusate Avas made up in advance. 
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omitting the substrate and the sodium bicarbonate. Following thorough 
equilibration of the solution against the gas mixture, the substrate and sodium 
bicarbonate were added. Failure to acidify the perfusate before addition of 
the bicarbonate often re.sults in the formation of a precipitate of caleium car- 
bonate, rendering the solution useless. A measured quantity of the perfusate 
was added to the system and the perfusate started through the cannula and 
allowed to circulate slowly until temperature, and hence pH, equilibrium Avas 
reached. The ultraviolet irradiation Avas begun at once. A large, flat, glass 
dLsh Avas placed in a convenient place to catch perfusate lost Avhile the heart 
Avas being attached to the cannula, a sercAV clamp being adjusted to maintain 
a sloAv rate of flow during the process. The volume thus lost was subtracted 
from the amount originally in the system. The animal was killed by crushing 
the head, ehemical anesthesia of any form haA’ing been found severely depres- 
sant to hearts obtained from sueh animals. The heart AV'as quickly removed 
and the aorta cannulated after trimming and Avashing. All clots were removed 
by forceps and washing before mounting. Hearts which develop ventricular 
fibrillation during this process should be discarded even though arrest of the 
fibrillation is prompt, as experience has shoAATi their inferiol’ity. An effort 
Avas made to tie beloAV the innominate artery without occluding the pulmonary 
arteiy, Avhich must otherAvise be cut open, occasionally inducing ventricular 
fibrillation. The clamp was then opened fully, the heart flushed vrith from 50 
to 100 c.c. of fluid, the clamp tightened, and the cannula and heart Avere 
mounted in the heart chamber. The clamp was released immediately after- 
-Avard, The heart lever system was securely attached to the heart and was 
arranged to record on a slowly moving kymograph. 

Preparations thus obtained were often found to manifest little or no de- 
preciation before nine or ten hours of perfusion, monkey hearts being more 
durable than rabbit hearts. Samples for analysis Avere remoA-ed by a syringe 
and a hypodermic needle from the rubber tubing above the cannula. The 
amount of concentration resulting from evaporation of the perfusate was cor- 
rected from Cl~ levels. Drugs may be added to the system through the top 
of the receptacle flask, permitting solution and distribution before entering 
the heart. The circulation time for added dyes Avas about fifty seconds in the 
apparatus employed. 

RESULTS 


In Pig. 4 are shoAvn kymogi-aphic tracings of three control experiments on 
monkey hearts (Macaco mulatta), AA-ith a perfusate containing O’.Ol II o-lucose 
The preparations were allowed to beat for sLv hours, with the noteAvorthy mini- 
mum of failure shoAvn. Analytic results obtained on these three hearts are 
presented m Table II.* The slight degree of failure (11 per cent oA’erall) 
n^m Experiment 104iM7 is closely paralleled by a .sharp increase in the 
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hy the method of Friedemaon and Haugen.* ^ ^ Barker and Summerson « and keto adds 
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production of lactic and pyruvic acids, absent in the other two experiments. 
The increased disappearance of glucose during the second three-hour period 
noted in the first two experiments is generally observed and may be inter- 
preted as the result of the disappearance of cardiac glycogen, hearts beating 
in substrate-free perfusate customarily failing at the end of a three-hour 
period, indicating that cardiac glycogen has been exhausted. Therefore, these 
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Fig. 4. — Three kymographic tracings of isolated, perfused monkey hearts (Jilacaca 
mulatta). Substrate 0.01 M glucose. Time is Army-Navy twenty-four hour system and repre- 
sents a total perfusion time between the first and third analyses of six hours. 


higher figures probably represent the actual glucose utilization of glycogen-low 
hearts. The absence of such a change in Experiment 107M10 is taken to imply 
a larger reservoir of cardiac glycogen. A sample calculation for glucose 
utilization (or for any other metabolite) is presented, showing corrections for 
evaporation and sample volume. 
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Tabi-e ir. Akai.ytic Data Odtainot o.v JEonkey Hearts Using Geucose as Substeatk in a 

Series or Controe Experuients 




CIRCUEATINO LEVEES itO./DU | 

UTIEIZ.VTION nO./OSI. DRY WT./HE. 

CIILO* 

BIDE 

GLU- 

COSE 

1 

l.iVCTlC 

ACID 

PYRU- 

VIC 

ACID 

TOTAl. 

KETO- 

ACIDS 

i 

OEU- 1 
COSE 1 

lAcnc 

ACID 

PYRU- 

VIC 

ACID 

total 

KETO- 

Acro 


percent 

or 

iNrmii 

conteac- 


0 910 

115 

O.SO 

0.30 

0.33 , 

- 5.80 

-0.04 

-0.03 

-o.or 

1( 

3 913 

6 929 

105 

GO 

0.70 

2.30 

0.24 

0.48 

0.20 \ 
0.56 ^ 

-21.00 

-0.80 

+0.10 

+0.15 

1C 

1C 

0 906 

3 910 

6 929 

169 

168 

133 

1.00 

0.50 

3.10 

0.30 

0.22 

0.54 

0.33 , 
0.17 \ 
0.5G ^ 

- 1.40 
-26.70 

-0.44 
- +1.80 

-0.0 r 
+0.22 

-0.14 

+0.27 

-ac 

1] 

« 

0 914 

173 

0.60 

0.16 

0.15 , 

- 2.50 

+0.35 

+0.10 

+0.06 

IC 

3 920 

6 931 

172 

172 

0.90 

1,40 

0.24 

0.32 

0.20 1 
0.28 ^ 

- 1.70 

+0.47 

+0.07 

+0-08 

1C 

1£ 


Experimeni lOJM? 


Initial volume 
Initial loss 


700 c.c. 
-50 c.c. 


iic. PEP. CENT (OR PEE DE.) 
OEUCOSE CHLORIDE 

169 906 

16S 910 


910 mg. Cl/dl. 
5.48 al. X 168 


650 c.c. 

Heart weight after 24 hr. at 104° C. = 2.10 Gm. 

Sample volume = 100 c.c. 

Period I 

(a) 6.50 dl. X 169 mg./dl. = 1098 mg. total 
-1.00 ai. X 169 mg./ai. = -169 mg. total 

5.50 remain after sample 929 mg. total 

(b) Correction for evaporation: 

5.48 ai. X 168 mg./ai. = 920 mg. total 
. 9 mg. used 

(c) 9 mg./2.10 6m. drj' wt./S hr. 

or - 1.4 mg./Gm. 

Period n 

Calculations repeated commencing with the corrected 3 hr. volume, .5.48 dl. 

DISCUSSION 

No data appear to be available in the literature on tbe behavior o£ isolated, 
perfused monkey hearts, so that no direct comparison with the data presented 
18 possible. The data obtained, however, fall well in line with the more de- 
tailed studies on other species and have the advantage of being free from 
errors mtroduced by bacterial metabolism. The ease with which the system 
presented here can he routinized and adapted to many studies commends its 
frequent application. 

SUMMVIBY 

1 . A convenient, simple, and highly satisfactory continuous perfusion sys- 

idgorons, long-lived, isolated hearts has been de- 












G08 


cmcNO\v];Tii and kokiaa'. 


2. Data are jn’eseiitcd for three experiments' on the isolated, perfused 
monkey heart (Macaca muUtiia), demonstrating the suitability of the method. 

The authors are indebtod to Lioutennnt .T. A. Wantuck, for the drawings of the per- 
fusion apparatus, and to Jtiss Afary Rowell and Jtiss Geneva Luton, for much patient 
assistance. 
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SEVEBB scurvy 


A Clinicai. and Hematologic Study 


CHABD W. Yilter, M'.E., Bobert M. Woolford, M,D., and Tom D. Spies, JLD. 

Cincinnati, Ohio 

\UEING the past fe\Y 3*ears we have studied nineteen patients seriously ill 
^ vrith scurvj", many of whom had severe anemia. This report deals pri- 
arily with the morphologic characteristics of the blood and the elinieal and 
matologic responses to synthetic vitamin C therapy which were observed in 
ese subjects. Certain eharacteiisties of the anemia which have not been 
'.scribed previously suggest that hemolj'sis may be an etiologie factor. The 
nnber of patients in this series and the severity of their disease emphasize that 
ichelor scurvy remains a medical and public health problem in -large municipal 
ispitals. 

MATERIAL AND METHODS 


yrom Jaaaary, 1935, to June, 1945, nineteen patients with a primary diagnosis of scurvy 
ive been, admitted to the Medical Service of the Cincinnati General Hospital. 

Eleven of these patients, all of whom were admitted during 1942, 1943, 1944, and 1945, 
ave been tmder our direct observation and are the subjects of the hematologic study. The 
ight additional patients (Table I, Cases 1 to 8) were studied only through data obtained from 
leir hospital records. Since these eight individuals were treated in many different ways, 
nly the hematologic observations made on admission and some of the distinctive clinical 
eatures will be reported. 

On each of the eleven patients (Table II, Cases 9 to 19) detailed medical and 
eurologic histories were obtained and complete physical and neurologic examinations per- 
onned. Diet histories were obtained and analyzed* whenever the patients could give ae- 
urate accounts of their food habits. Red and white blood cell counts t were done on peripheral 
)lood with pipettes and counting chambers certified by the United States Bureau of Standards, 
lemoglobin. was determined as oxyhemoglobin with the Evelyn photoelectric colorimeter.^ 
ffematocrit determinations were made on oxalated venous blood (4 mg. potassium oxalate 
ind 6 mg. ammonium oxalate per 5 c.c. of blood) centrifuged for thirty minutes in a 'Wintrobe 
tube at 3,000 r.p.m. Reticulocyte and platelet counts were made by the wet technique using 
Dameshek’s method.z Cover slip preparations for cytologic study of capillary blood and 
sternal marrow were stained with Wright-Giemsa stains. The bone marrow specimens were 
obtained by sternal aspiration. 

The amount of ascorbic acid in the plasma was determined in eleven patients (Cases 
9 to 29) by the method of Farmer and Abt.s Icteric indices, quaUtative van den Bergh 
reaction s, foam, iodine, and fuming nitric acid tests for bile in the urine and the dilution 


From the Department of Internal Medicine, University of CincinnaU Colleee of Medicine 
Received for publication, Feb. 1, 1946. ^ jueaicine. 

„ 'The authors are Indebted to Mrs. Vinton Siler. Miss Helen Volk Miss Co-rM 
Katherine Shafer Irwin. Miss Lillian Lanzi, lUss j^e Horn in and Miss Robert^ 

Dietetic Department, CincinnaU General Hospital, for aiml^es "of tte 

supervision of the paUents on the vitamin C restricted diet, ^ diets and for dietary 

tAll hematoloBic studies were performed by us assisted by Mrs. Nancy Laverj-. 
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TAULE I. iNITIAE EXAUINATK 


CASE 

1 

PATIENT 

SEX 

Aon 

TEAR 

R.B.O. 

(MIL- 

LIONS) 

HU. 

(OM.) 

RETICU- 

LOCTTES 

(%) 

PLATE- 

LETS 

BBS 

1 

J.B. 

M 

75 

1937 

2.00 

9.5 

5.0 

— 

2 ; 

2 

M. C. 

M 

31 

1943 

3.45 

9.0 



— 

— 

3 

M. J. 

F 

59 

1940 

2,04 

10.4 

— 

— 

— 

4 

G. F. 

M 

54 

1938 

2.08 

0.4 

7.5 

380,000 

1! 

5 

S. J. 

M 

42 

1930 

4.03 

14.4 

— 

— 

— 

6 

F. E. 

M 

35 

1938 

4.35 

13.5 

— 

210,000 

4( 

7 

H.W. 

M 

32 

1942 

3.44 

9.2 

0.0 

310,000 

0( 

8 

W. J. 

M 

1C 

1942 

2.90 

8.8 

— 

— 

— 


This data has been Batliorcd from Cincinnati General Hospital charts. 


methods using Ehrlich’s aldchj'de reagent for urobilinogen in twenty-four hour urine speci- 
mens were performed in thirteen patients (Cases 3, 4, and 9 to 19) and were repeated in 
seven (Cases 11 and 14 to 19) every other day until they were normal. TIic amount of uro- 
bilinogen in the stool was determined for three patient.s (Cases 17 to 19) by Watson’s 
method.® 

Prothrombin times wore estimated in eleven patients (Cases 4, 9, 10 and 12 to 19) by 
Quick’s method.® Total serum proteins were determined by the Kjcldahl tecimiquo in eight 
of the subjects (Cases 4, 10 to 13, 15, 17, and 19) and albumin-globulin ratios were determined 
in four (Cases 4, 10, 12 and 13). The cephalin flocculation test according to the method 
of Hanger' and the bromsulfalein excretion tost using 2 mg. dye per kilogram of body weight 
and the blood sample drawn thirty minutes after the injection of the dye were carried out in 
seven patients (Cases 11 and 14 to 19), Determinations of scrum iron® were performed* 
on three patients (Cases 17 to 19). 

The diet used in this study will be called the vitamin C restricted diet. For each twenty- 
four hour period, it provided the following foods: a glass of boiled milk, one egg or less, 
cottage cheese, American cheese, polished rice, a thoroughly cooked vegetable made into pur6e, 
mashed potato, noodles, stewed dried fruit or apple sauce, syrup, crackers, jam, and coffee. 
The diet contained no meat, citrus fruits, tomatoes, cabbage, lettuce, or uncooked vegetables 
and provided about one-third of the minimum daily requirement of the B complex vitamins. 
It provided approximately 12 mg. of iron daily and several milligrams of vitamin C as a 
maximum. 

Case summaries for those patients whose hematologic courses arc presented in graphic 
form accompany their respective figures. 


CLINIC/VL AND LABORATORY MAFTEFESTATIONS BEFORE THER.VTY 
AVTTH AtlTAMIN C 


Occurrence of Scurvy . — Of the nineteen patients studied, five" were ad- 
mitted to the Cincinnati General Hospital between 1935 and 1941, three in 
1942, three in 1943, five in 1944, and three during the first six months of 1945 
(see Fig. 1). The majority were admitted in the spring or early autumn 
months (see Fig. 2). The patients ranged in age from 16 to 84 years; twelve 
were older than 50 years. Eighteen subjects were men; one was a woman. 

Predisposing Factors . — Thirteen of the nineteen patients were bachelors 
or had been widowers for more than a year. They cooked their ovvn meals or 
ate alone in restaurants. In several instances, citrus fruits were too expensive 
for their limited budgets, but for the most part these individuals just did not 


•The authors are 
Washington University, 


indebted to Dr. Carl V. Moore and to Miss Virginia Minnich. 
St. Louis. Mo., for the determination of these serum iron values. 
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’eripiieral Blood os Eight Patients 


Ji.c.r. 

jr.c.H. 

JX.C.H.C. 

W.B.C. 


’ diefekential 



SEG- 

MEN-TED 

NEUTRO- 

philes 

DYMPHO- 

CVTES 

.MONO- 

CYTES 

EOSIN'O- 

FHIZ^S 

BASO- 

PBTLES 

83 

35 

41 

5,600 

78 

16 

4 

2 

0 

— 

— 

— 

5,900 

78 

20 

2 

0 


— 

— 

— 

11,200 

85 

14 

1 

0 

0 

90 

32 

35 

7,150 

77 

19 

4 

0 


— 

— 

— 


61 

33 

4 

0 

2 





82 

15 

0 

0 



84 

29 

32 


58 

35 

4 

2 

1 

— 

— 

— 


58 

23 

19 




take the trouble to procure oranges, grapefi’uit, or tomatoes. Relatives, tvben 
there vrere anj*, were too busy in industry or in the Amij* or Navy to see that 
the elderly unproduetive members of the family had adequate food. 

Of the remaining six patients, seurvj' developed because of the foUowlng 
reasons: poor dietarj’ selection in two who were mentally deficient (Cases 2 
and 6) ; paregoric addiction and restricted food intake in one (the only female 
patient, Case 3 ) ; chronic alcoholic addiction and dietaiy insufficiency in one 
(Case 12) ; and self-prescription of vitamin C deficient diets for dyspepsia in two 
(Cases 5 and 7). 

In addition, the following factors were probably of some importance. Two 
patients had spastic hemiparesis (Cases 9 and 11), the result of old cerebro- 
vascular accidents, and one had residual signs of Jamaica ginger paralysis 
(Case 17). These chronic neurologic disorders limited the ability of the sub- 
jects to obtain food. One patient had minimal active pulmonary tuberculosis 
(Case 2), and six had chronic bronchitis and emphysema (Cases 1, 3, 9, ii 13 
and 15). These infections may have increased their mtamin requirements. ' 

Because of one or more of these reasons, none of the patients had had fresh 
citrus fruit for six months or more prior to admission. 


Clinical Signs of Vitamin C Deficiency. —It was difficult to date the exact 
time of onset of the clinical disease. All of the patients complained of fatigue 
weakness, and anorexia for months or years and had noted bruises usuaUy fe’ 
lated to slight trauma for a few weeks or several yearn before admission. Most 
of the patients said that their present illness began one or two months before 
admission with the onset of dull aching in the legs and swelling and pain in the 
knee or ankle jomts. These symptoms were followed by the auuearancp nf 
purplish discolorations about the affected joints,' extending up and down the le-f 
and arms and occasionally over the abdomen and face Later th. 
natural teeth noted painful, swoUen gums Si 

and from which blood oozed With STonTet of 1 “"^tication 

severity of the dyspnea, weakness, dizziness lethartw and^^l symptoms, the 
and many patients were aware that the color 'of theirlrine 

12 to 19 ) , usually on the extensor surfaces of the legs or arms.^^ ’ 
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Seventeen patients (Cases 1, 3, 4, and 6 to 19) had purpura and ec- 
chymoses ranging from a few millimeters to 20 cm. in diameter (Plate II, A 
and B). These ecchjanoscs were most common around the loiees, ankles, and 
wrists and in the popliteal spaces. In many instances they occurred along 
superficial scratches and abrasions of . the sldn. ' Thromboses of saphenous, 
popliteal, femoi’al, or cephalic veins often wci’c associated with the larger ec- 
chymoses. 

Pour patients (Cases 11, 14, 15, and 19) had deep subcutaneous or intra- 
muscular hemorrhages — hard, tender, deep masses, stretching the overlying 
skin of the am or leg. Nine subjects (Cases 1, 4 to 8, 10, 11, and 15) had tender 
Imec and ankle joints; five (Cases 1, 4, 6, 7, and 10)' had moderately swollen 
joints; and in one (Case 5) the Icnee joint capsule was so tense with fluid that as- 
piration was done. Thirty cubic centimeters of grossly bloody fluid were removed. 

Acute gum lesions Avere found in thirteen (Cases 2, 4 to 10, 12 to 15, and 
19) of the fourteen patients (see Plate III, A and B) Avho had teeth or rem- 
nants thereof. No gum lesions occurred in those who Avere edentulous. The 
interdental papillae and gingival margins Averc greatly SAVollen, blue-red, tender, 
and highly friable. In some patients the SAvelling Avas so gi’cat that the teeth 
were nearly covered by gum tissue (Plate PP, A) . The color changes Avere dis- 
tinctive, even Avhen the subject had a hemoglobin level of 6 or 7 6m. The 
breath usually Avas foul, and the gums oozed blood folloAA'ing slight trauma; hoAV- 
ever in no patient Avas there spontaneous hemorrhage or blood loss in excess of 
a fcAv cubic centimeters daily. 

The patients generally had salloAv, dirty grayish-yclloAv cadaveric comple.x- 
ions. Their hands and feet Avere cyanotic and cold, and in five subjects (Cases 
5, 13, 14, IS, and 19) long thin splinter hemorrhages Avere observed under the 
nails '(Plate W, B). The sclerae Avere slightly icteric, and the ankles were 
edematous. 

Twelve patients (Cases 2 to 4, 6, 7, 10 to 13, 15, 16, and 19) had temperature 
elevations ranging between 99.6 and 102° P., pulse rates ranging from 90 to 120 
beats per minute, and respirations from 24 to 32 per minute. Blood pressures 
Avere normal or Ioav in all except three subjects (Cases 1, 11, and 19) whose 
blood pressures' Avere 195/100, 170/100, and 190/100, respectively, on admission 
and 155/80, 140/80, and 140/90 six days later just before they received anti- 
scorbutic medication. 

Associated Vitamin Deficiency Diseases. — Since the diets of most of these 
individuals Avere deficient in more than one essential nutrient, cAudenee of 
vitamin deficiency diseases other than scun^ Avas common. 

Seven patients (Cases 2 to 4, 10, 12, 15 and 19) had mild peripheral 
neuritis of thiamine deficiency; four (Cases 4, 10, 12 and 18) had fiery red 
glossitis of niacin deficiency; and tAAm (Cases 3 and 16) had the magenta-colored 
glossitis and cheilosis of riboflavin deficiency. Five patients (Cases 2, 5, 8, 
13, and 16) had follicular hyperkeratoses of the arms, legs, and buttoclm, in- 
terpreted as evidence of vitamin A deficiency, and one (Case 8) had a healed 
rachitic chest deformity. 
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Plate I. 







Plate IT. 


Plate I — Patient S. Peritollicular hemorrhages 
Plate II — Patient 16. A, Massite scorbutic eem 
uJ-js oC tliorapj nith Mtamin C. 


tiiose «. 


B, Same area as A after sixteen 
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< Table IV. Differential Bone Marrow C 


PA- 

TIENT 

t 

rOLY- > 
JIORPHO- 
NUCLEAR 
I.EUCO- 
CYTES 
(%) 

META- 

MYELO- 

CYTES 

(%) 

MYEIjO- 
CYTES C 
(%) 

MYELO- 
CYTES B 
(%) 

IIYELO- 
CYTES A 
(%) 

MYEM- 

BLASTS 

(%) 

LYMFIIO- 

CYTES 

(%) 

M 

C 

( 

J.M. 

47.5 

.30.5 

14.0 

1.0 



2.5 

( 

J.K 

34.5 

24.5 

21.0 

4.5 

1.5 

1.5 

1.5 


W.B. 

39.5 

32.5 

9.0 

1.0 

1.0 

1.0 

8.5 

i 

L. P. 

32.5 

30.5 

15.5 

2.0 

2.5 


1.5 

( 

A. S. 

49.0 

22.5 

11.5 

2.5 



0.5 


C. K. 

53.0 

20.0 

11.0 

1.5 



1.0 


J.H. 

43.5 

32.5 

0.5 

1.5 



4.5 


C. G. 

42.0 

39.0 

9.0 

1.0 


2.0 

2.0 


H. E. 

42.0 

21.0 

13.5 

8.0 

1.0 

0.5 

4.5 

( 

C.N. 

41.5 

22.5 

13.5 

5.0 

0.5 

0.5 

3.5 

( 

T. K 

38.5 

26.0 

19.5 

1.0 

0.5 


5.0 



Table V. Bone Marrow of Patients With £ 


PATIENT 


rOLY- 

MORPIIO- 

NUCLE.VR 

LEUCO- 

CYTES 

(%) 

META- 

MYELO- 

CYTES 

(%) 

MYELO- 
CYTES C 
(%) 

MYELO- 
CYTES B 
(%) 

MYELO- 
CYTES A 
(%) 

MYELO- 

BLASTS 

{%) 

J.H. 

Before vitamin C 

43.5 

32.5 

6.5 

1,5 




Vitamin C 10 days 

47.5 

25.0 

1.5.0 

0.5 


' 

T. K. 

Before vitamin C 

38.5 

26.0 

19.5 

1.0 

0.5 



Vitamin C 7 days 

34.5 

23.5 

17.0 

1.5 

0.5 

0.6 

W.B. 

Before vitamin C 

39.5 

32.5 

9.0 

1.0 

1.0 

1.0 


Vitamin C 20 days 

55.5 

23.5 

14.5 

1.0 



C. G. 

Before vitamin C 

42.0 

39.0 

9.0 

1.0 


2.0 


Vitamin C 4 days 

37.5 

34.5 

15.0 





Vitamin C 9 days 

39.5 

39.0 

13.0 

1.0 




Vitamin C 25 dav.« 

53.0 

28.5 

7.5 

2.5 


0.5 


Analyses of the diets of thirteen subjects revealed that in three instances 
(Cases 4, 6, and 17) only vitamin C was grossly deficient; in five (Cases 10, 
L3 to 16) the vitamins of the B complex, vitamin C, and protein were grossly 
nadequate; and in the remaining five all essential nutrients were presumably 
3aten in inadequate amounts. 

Laboratory Data . — ^No gross or occult blood was found in the urine, stool, 
it vomitus. Albumin was present in moderate amounts in the admission urine 
specimens of eight patients but cleared rapidly after bed rest was instituted. 
Icteric indices ranged from 10 to 22. The van den Bergh reactions were of the 
indirect or delayed biphasic type, and the urine contained an excess of 
urobilinogen but no bile. Stool urobilinogen content for twenty-four hours 
ranged from 336 to 945 mg. (normal, from 100 to 200 mg.). The prothrombin 
times were normal in seven of the eleven patients tested. Total serum proteins 
ranged from 4.31 to 6.68 Cm. per 100 c.c. The albumin values varied from 2.43 
to 3.2 Gm. Cephalin flocculation tests were considered normal except in one 
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ON- Eleven Patients With Anejiia of Scurvy 


EOSINO- 

PHILES 

(%) 

2.0 

2.0 

1.5 

2.5 

3.0 

3.5 

1.5 

2.0 

2.5 
5.0 
5.0 


EARLY 


LATE 


EOSINO- 

PHILIC 

MYELO- 

CYTES 

(%) 

1.0 

0.5 


3.0 

1.0 

1.5 

1.0 

0.5 


BASO- 

PHILES 

(%) 


0.5 

0.5 

1.0 

1.5 

0.5 


PLASMA 

CELLS 

(%) 

0.5 

6.0 

4.0 

6.0 

5.5 

3.5 

8.5 

3.5 
6.0 
3.5 


HEMO- 

CYTO- 

BLASTS 

(%) 


1.5 

2.0 

0.5 


MEGAL- 
OBLASTS 
PEE 100 
W.B.C. 
1.0 
0.5 
1.5 
0.5 


1.0 

1.5 

1.5 


ERYTH- 

EO- 

BLASTS 
PER 100 

W.B.C. 

2.5 

1.5 

7.5 

2.5 
0.5 
1,0 

-2.5 

10,0 

2.5 

4.5 


EEYTH- 

RO- 

BLASTS 
PER 100 
W.B.C. 
22.0 

5.5 

30.0 

6.5 

2.5 

9.5 

11.0 
8.0 

31.5 

5.5 

22.5 


NORMO- 
BLASTS 
PEE 100 

W.B.C. 

152.5 

59.5 

41.5 

68.5 

85.5 

136.5 

69.5 

76.5 

139.5 

63.5 
75.0 


NUM- 
BER OF 
NU- 
CLEATED 
P..B.C. 
PER 100 
W.B.C. 

' 178.0 
67.0'- 

80.5 
78.0 

88.5 
147.0 

8i.&- 

84.5 

182.5 

71.5 

103.5 


Befopa: and After Administpjition of Vitamin C 


mono- 

cytes 

(%) 

EOSINO- 

PHILES 

(%) 

EOSIJTO- 

FHTT.TO 

MTELO- 

CTTES 

(%) 

BASO- 
PHILES ' 
(%) 

PLASMA 

CELLS 

(%) 

HEMO- 

CYTO- 

BLASTS 

(%) 

MEGALO- 

BLASTS 

period 

W.B.C. 

1 

EARLY 
ERYTH- 
ROBI*ASTS 
PER 100 
YT.B.C. 

LATE 
ERYTH- 
ROBLASTS 
PER 100 
W.B.C. 

NORMO- 

BLAST 

period 

TY.B.C, i 

NUMBER 
OF NU- 
CLEATED 
E.B.C. 
PEE 100 
W.E.C. 


1.5 

1.0 

0.5 

8.5 


1.0 

2.5 

11.0 

69.5 

84.0 

0.5 

1.5 

1.5 

0.5 

5.0 


0.5 

4.5 

32.5 

223.0 

261.5 


5.0 

0.5 


3.5 


1.5 

4.5 

22.5 

75.0 

103.0 


0.5 

1.5 

0.5 

2.0 

0.5 

1.5 

8.0 

18.5 

167.0 

195.0 

0.5 

1.5 



4.0 

1.5 

2.5 

15.0 

60.0 

83.5 

161.0 

0.5 


1.5 

0.5 

0.5 

0.5 


1.0 

2.5 

59.0 

62.5 


2.0 


1.0 

2.0 




8.0 

76.5 

84.5 


1.0 

0.5 

1.0 

6.5 



1.0 

8.5 

56.5 

66.0 


0.5 

2.5 

0.5 

2.5 



1.0 

7.0 

52.0 

60.0 


1.5 

2.5 

1.0 

^.5 




1.0 

25.0 

26.0 


patient (Case 11) ; bromsnlfalein retention at thirty minutes varied from 5 to 15 
per cent (Table III). Gastric analyses showed hj^pochlorhydria or achlorhydria 
after histamine stimulation. The plasma vitamin C content was 0.0 mg. per 
cent. Values for serum iron were normal; they ranged from .072 to 0.116 mg. 
per cent. 

Hematologic Data . — The peripheral blood characteristics for all patients 
are summarized in Tables I and II. Two patients with mild scurvy of recent 
onset (Cases 5 and 6) had erj-throcj'te counts over 3.5 million and hemoglobiu 
values over 12 Gni. The erytliiocyte counts in the seventeen more severely ill 
subjects ranged from 1.74 to 3.44 million and the hemoglobin levels, from 5.8 
to 10.5 Gm. The cells were normochromic and normoeytic or moderately macro- 
cytic; they A aried onlj slightlj in size and shape. The admission white cell 
counts were under 6,000 in twelve of the nineteen patients. Some were as low 
as 2,500. Differential white ceU counts were normal. Platelets occurred in 
noimal or moderate reduced numbers. Initial reticulocvte counts ran-ed from 
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rig. 3, — Illustrating the gradual hematologic recovery of a patient with moderately 
severe scurvy of short duration, following rest in bed. Administration of vitamin C appears 
to have been associated with a small increase in reticulocytes and an acceleration of erythro- 
cyte and hemoglobin regeneration. 

• 

H. E., (Case 17), a 57-year-old wliito man, was admitted to the Cincinnati General 
Hospital May 5, 1945. Eor one week prior to admission ho had had pain in bones and joints, 
swelling of the left elbow and left knee, and painful swelling of the left thigh with purplish 
discoloration of the skin overlying this area. Similar swelling and pain in the left upper 
extremity had occurred several days prior to admission. Small red-blue spots also had ap- 
peared on the arms and legs, and he had become weak and dizzy. 

Ho had had Jamaica ginger paralysis in 1930. Since this time he had been living 
alone, moving from bed to chair, and cooking for liimself. His diet consisted of two meals 
a day. Eor breakfast he had two eggs, a bowl of cereal, and four pieces of bread. Lunch 
consisted of one quart of milk, graham crackers, and whole wheat bread. Ho never ate citrus 
fruits and very seldom ate green vegetables. He attempted to make up for this lack of 
vitamins by taking Hemo. 

The temperature was 98° P.; pulse, 100; blood pressure, 140/90. There were extensive 
ecchymoses ever the left popliteal and left anticubital areas, extending up and down the left 
leg and left arm. Phlebothrombosis was present in both areas, and considerable collateral 
venous circulation was observed over the left shoulder. There was fluid in the left knee. 
Small areas of purpura and perifollicular hemorrhages were noted over the arms and legs. 
There were splinter hemorrhages under the nails. Teeth were absent, and gums were es- 
sentially normal. Neurologic examination showed a spastic quadriplegia with muscle atrophy 

(Continued on opposite page.') 
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3 to 10 per cent except in two patients (Cases 11 and 15) in whom initial counts 
of 1 per cent were obtained. ^ 

The bone marrow appeared to be moderately hj-percellular in five patients 
(Cases 9, 10, 11, 13, and 19), normally cellular in five (Cases 12, 14, 15, 17, and 
18), and moderately hypocellular in one subject (Case 16). Differential counts 
of nucleated cells showed a relative increase in erj-thrccj-te progenitors with 
the majority of these cells at the normoblast and late erythroblast stages of 
de%'elopment (Table IV). In one patient (Case 11) who had the most severe 
anemia we have encountered, 11 per cent of the young red cells were megalohlasts 
and early erythroblasts. In all marrow specimens, the granulocj-te series was 
cjdologically normal or showed a slight shift to young cell forms. 

CUNIC.\L COURSE AKD RESPONSE TO THER.APY 

The eleven patients imder our direct observation were kept on the vitamin 
C restricted diet for the period of hospitalization and were given placebos rmtil 
their safety seemed jeopardized or rmtil improvement occurred from bed rest 
alone. The shortest period of preliminary observation was two days; the longest, 
' twenty-one days. 

Two patients (Cases 17 and 18) showed slow hut definite clinical and 
hematologic improvement on bed rest alone. On admission they were classed 
as mildly or moderately ill. Even though their plasma vitamin C remained 
0.0 mg. per cent, their perifollicular hemorrhages and ecchymoses cleared over 
a period of from fourteen to twenty-one days, and they felt subjectively im- 
proved. Icteric indices and urine urobilinogen concentrations reached normal 
values in the same period of time. In one subject (Case 18) the erythrocytes 
and hemoglobin had increased 500,000 cells and 2.4 Gm., respectively, at the 
end of twelve days, and reticulocytes had fallen from 5,7 to 1.6 per cent. 
Administration of vitamin C at this time did not seem to accelerate blood 
formation. One subject (Case 17) showed much slower blood regeneration. 
During a period of twenty-one days, the erythrocyte count increased from 2.75 
to 3.27 million and the hemoglobin from 8.5 to 9,6 Gm. Eeticulocytes fell from 
5.0 to 0.8 per cent. Bone marrow aspiration repeated at this time showed 


of the extremities. The calces were tender, and there was diminished perception of light 
touch and vibration over the legs and feet. No jaundice was noted and the skin color was 
normal. 


For data concerning blood e.xaminations, Uver function tests and bile pigment ‘■tudics 
and bone marrow examinations, see Tables H, HI, and TV. Bleeding time was two a^d one-’ 
half minutes; clotting time, six minutes. Plasma ascorbic acid was 0.0 mg. per cent- blood 
urea nitrogen, 14 mg. per cent. ’ 

The patient was placed on the vitamin C restricted diet and was observed for twentv-one 
days. The lesions of scurvy slowly cleared, and the erythrocyte count and hemoglobin 'level 
gradually rose from Z.lo to 3.23 million and from 8.5 to 9.8 Gm., remecHvelv Plasma 
vitamin C level was still 0.0 mg. per cent. ’ PJasma 

Administration of vitamin C, 100 me five time® ^ a™.. i 

iQ.r- . , .. . ® limes a day by month, was beeun ilav of) 




Mg. 4. — A patient with severe scurvy. The crytlirocyto count and lieinoglobin were 
unchanged before vitamin C therapy, but the patient’s pliysical condition deteriorated so 
rapidly that vitamin C liad to bo administered ns a life-saving measure. Thereafter, the 
erythrocytes and hemoglobin regenerated rapidly ns the reticulocytes decreased. 

C. G. (Case IG), a 75-year-old white man^ was admitted to the Cincinnati General Hospi- 
tal June 26, 1944, because of weakness, aching legs, and purplish discoloration of the skin 
for three months. His ■wife had died one year before admission, and ho had had no citrus 
fruit or tomatoes since that time. Ho prepared his own meals. Breakfast consisted of two 
eggs, bacon, and coffee. For lunch ho ate soup, beans, and crackers. He had a sandwich 
and sometimes nothing for supper. 

The temperature .was 101° F.j pulse, 80'; respirations, 24; blood pressure, 110/50. He 
was a lethargic old man, and the skin was a dirty lead gray color. There were perifollicular 
hemorrhages on the arms. The entire right leg to tho crost of the ilium was covered by 
confluent ecchymoses. Tho left leg was less severely involved. The sclcrae were icteric. He 
was edentulous and the tongue was smooth, fissured, and pale. The only abnormality on 
neurologic examination was absence of the knee and ankle jerks bilaterally. 

The data concerning peripheral blood, liver function and bile pigment studies, and 
bone marrow are summarized in Tables II, III, and TV. No vitamin C was found in the 
plasma. 

The patient was placed on the control diet. By tho fourth hospital day the blood pres- 
sure had fallen to 95/50 and ho had become very lethargic and confused. Administration 
of 500 mg. of vitamin C intramuscularly in divided doses was begun. One day thereafter 
the temperature was normal, blood pressure, 115/55, and the patient was much less confused. 
Eapid improvement continued even though he developed cheilosis and a magenta tongue which 
responded satisfactorily to riboflavin. The icteric index reached normal in twelve days, and 
the erythrocyte count and hemoglobin reached 4.3 million and 12.9 Gm., respectively, in 
twenty-six days. Blood pressure at discharge was 130/70. 
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depressed activity of all marrow elements. After vitamin C was administered, a 
small rise in reticulocytes occurred, and erythroejde and hemoglobin regeneration 
appeared to be accelerated (see Fig. 3). Complete recovery did not occur until 
the subject was given an adequate diet. 

Nine patients (Cases 9 to 16 and 19) classed on admission as severely 
iU did not show any clinical improvement during the observation period. The 
eechymoses and perifollicular hemorrhages changed from dark reddish-puiTJle 
to dark brownish-purple but did not fade or spread. Gingival lesions remained 
unchanged or progressed. Blood pressures, frequently at a low level on admis- 
sion, fell. Icteric indices and urine urobilinogen concentrations rose. Two of 
the patients developed Cheyne-Stokes tjq)e of respiration. Mental torpor and 
cyanosis deepened, and the cadaveric gray skin color became more prominent. 
Six of these subjects remained unchanged hematologicaUy (Cases 9 to 13 and 
16) during the control period (see Figs. 4 and 5)- Three patients (Cases 14, 15, 
and 19) had a rapid decline in erythrocytes and hemoglobin and an increase 
in reticulocytes as their clinical condition grew worse (see Figs. 6 and 7). "When 
signs of impending shock became alarming, vitamin C was given in doses of 
100 mg. five times a daj', orally or intramuscularly, depending on the clinical 
condition of the patient. 

All of these nine patitents improved within from twenty-four to forty-eight 
hours after administi'ation of vitamin 0. Nail beds became pink, the cadaveric 
gra}' color of the skin disappeared, the blood pressure rose, and the Cheyne- 
Stokes tj-pe of respiration was replaced- by normal breathing. Those patients 
who had temperature and pMse elevations before the administration of vitamin 
C had normal temperatures and pulse rates within from one to three days 
afterward. 


Perifollicular hemorrhages disappeared after from two to three days leaving 
the affected hair follicles hyperkeratotic and pigmented. The engorged, blue- 
red swollen gums began to clear after forty-eight hours.. As the swelling receded, 
the gums retracted from the teeth and appeared pale, scarred, pitted, and 
thickened. Infected pockets between teeth and gum never healed completely. 
Joint swelling and pain disappeared over a period of from three to five days and 
major eechymoses disappeared over a period of from two to three weeks leaving 
large areas of pigmentation in their wake. Icteric indices and urine urobilinogen ' 
concentrations fell to normal levels in four days (Cases 14 and 15), sis davs 
(Case 19), and twelve days (Cases 11 and 16). Four daj-s after vitamin *C 
therapy the stool urobilinogen content had decreased from 945 to 265 m^- per 
24 hours in the one subject (Case 19) in whom the test was repeated. ' 

In two of these nine subjects (Cases 11 and 12) reticulocytes rose from 2 
to 19 per cent and from 5 to 10 per cent by the tenth and sLxth dav^ respectivelv 
(see Fig 8). In seven patients the high reticulocjde levels were' maintained or 

slowly 

Red cell and_ hemoglobin increases began from four to seven days after 
vitamm G administration, and after three weeks the levels had reached 3.5 




V DAV8 

Fig. 5. — The course of a patient with severe scur'vj' on the vitamin C free diet. The 
crythrocj’tes and liemoglobin values were stationar'v but his clinical condition grew worse 
during the eleven days prior to the administration of vitamin C. Thereafter, he made a 
rapid clinical and hematologic recoverj’. 

C. K. (Case 14), a 08-year-old single white man, was admitted May 22, 1944, because 
of intermittent leg and joint pain and sore gums of several months’ duration. Six weeks 
before admission the right knee swelled and the popliteal area became occhymotic. Pin-point 
purplish spots over the arms came and went during this period. The gums had been sore 
intermittently, and the teeth had been falling out for seven years. In 1943 he had been on 
the vascular service for phlebothrombosis and had been treated with vitamin C because of 
purpura over both lower extremities. His diet consisted of sausage meat, bread, coffee, and 
potatoes. Ho said he had never eaten fruit or green vegetables. 

The temperature was 99° F.; pulse, 70; respirations, 24j and blood pressure, 94/55. 
The mouth contained one loose tooth snag surrounded by elevated, soft blue-red hemorrhagic mu- 
cous membrane. Otherwise the oral raucous membrane was normal. The tongue was smooth, 
pale, and clean. There were many small punctate hemorrhages on the dorsal surfaces of the 
arm and legs. There was a massive ecchymosis associated with pldebothrombosis behind the 
right knee. The skin was a sallow lead gray color. There were long, old splinter hemorrhages 
under the fingernails. The sclerae were icteric. The right leg was edematous. 

The data concerning peripheral blood, liver function and bile pigment studies, and 
bone marrow are summarized in Tables II, IH, and IV. Gastric analysis showed 32° free 
acid after histamine stimulation. Bleeding time was one and one-half minutes; coagulation 
time three and one-half minutes. Tourniquet test was negative after five minutes. No vita- 
min C was found in the blood plasma. Electrocardiogram showed low voltage upright T waves 
in Leads II and HI; T. was diphasic; T„ inverted. 

(Coufiiiued on opposite page.) 
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million and 12.5 Gm. or more in all patients. Eepeated bone marrow aspirations 
on four subjects (Cases 11, 15, 16, and 19) after vitamin C was administered 
for four or more daj*s showed reversion to normal marrow. In two instances a 
striking increase in the per cent of normoblasts and late eiythroblasts ('Table 
V) was found one week after the administration of vitamin C. 

Of the eight persons whose hospital records were reviewed, one (Case 8) 
whose i ]1ne!=!g was mild showed complete healing of gum lesions, disappearance 
of perifollieular hemorrhages, and rapid rise in red blood cell count and hemo- 
globin on bed rest without benefit of crj-stalline vitamin C or eitrus fruits. The 
other patients received vitamin C in doses of from 300 to 1,000 mg. per day 
after vaiying periods of studj-, during which vitamin C was restricted in Jbe 
diet. Before vitamin C was administered, the blood pressure of one patient 
(Case 4) had fallen to 60/20. He developed signs of thrombosis of a branch 
of the right middle cerebral arter}'. E.vcept for the residual hemiparesis, he 
made an uneventful recoveiy. Another subject (Case 1) received vitamin C 
only after he had experienced- an episode of severe dyspnea and cyanosis 
associated with a precipitous fall in blood pressure. In spite of heroic efforts, 
lie died six hours afterward in a similar episode. Autopsj* was consistent with 
scurvy and revealed no other cause of death. The rest of the patients made 
complete and uneventful recoveries in the manner previously described. 

DISCUSSION 

The clinical observations recorded in this group of patients are similar 
to those previously reported,®'^^ but several features seem worthy of special 
emphasis. The general appearance of patients with severe scurvy is distinctive. 
Stasis cj’anosis in the extremities, saUow dirty gray cadaveric skin color, 
somnolence, lethargy, and hypotension appear insidiously and are the prodromas 
of peripheral vascular collapse which may occur suddenly without further 
warning. Chejme-Stokes type of respiration occurs particularly in patients 
with arteriosclerotic cerebrovascular disease and anemia. All of these vasomotor 
abnormalities disappear within from twenty-four to thirty-six hours after the 
oral or parenteral administration of adequate amounts of vitamin C. Althou'^h 
the exact mechanism responsible for these changes is unknown, it should be 
noted that a direct relationship has been reported to exist in guinea pigs and 


After a week on the Titamin C restricted diet, the patient developed respiratory irregn- 
larity and peripheral cyanosis. On the tenth day he became very dyspneic even after the 
slight e.xertion of sitting up in bed. When resting, the respirations were of the Cheyne- 
Stokes tj-pe. He was confused and somnolent. The blood pressure was 80/50. Admini=tra- 
tion of vitamin C, 500 mg. daily in divided doses intramuscuJariy, was begun Thirtr- 
six hours thereafter the respirations were regular except for an occasional apne'ic period 
The blue-red color about the tooth snag had faded, and the swelling had decreaced The 
lead gray color of the skin and cyanosis of the nails had disappeared. Blood prepare 
was 108/GO. Three days after vitamin C, respirations were entirelv normal, and the paHent 
was well orientated. Blood pressure was 115/G5. In four days th'e icteric index was 5, and 
unno urohdmogcn was withm norma] limits. The gum and skin lesions healed completelv 
m twelve days. Blood counts were normal in three weeks. ^ ' 
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Fig. 6. — A patient with severe scurvy whose erythrocytes and Iiemoglobin declined and 
reticulocytes rose as his clinical course grew worse prior to vitamin C therapy. Thereafter, 
he made a rapid hematologic and clinical recovery. ' 

J. H. (Case 15), a C3-ycar-old white man, was admitted to the Cincinnati General 
Hospital May 27, 1944, because of swelling of the legs and pain in the linces of six months’ 
duration. For one year ho had noticed easy bruising and for the previous six months numb- 
ness and tingling in the feet and legs. He ate oranges or grapefruit only when the cost was 
15 cents a dozen. Breakfast consisted of coffee, canned milic, and douglinuts; dinner, soup, oc- 
casionally meat, potatoes, beans, bread, and beer; supper, a sandwich and beer. His wife had 
died in 1918, and he had been cooking for himself ever since. 

The temperature was 101° F.; pulse, 116; respirations, 22; and blood pressure, 108/74. 
There was an '8 by 6 by 4 cm. deep-seated hematoma on the right forearm, and there were 
large ecchymotic areas as well as perifollicular hemorrhages over the thighs and lower legs. 
The ankles were moderately edematous. The sclerae were icteric and the mucous membranes 
pale and slightly cyanotic. The gums were swollen, blue-red, and spongj' and bled easily. 
Neurologic examination showed only absent Achilles jerks and diffuse tenderness over the 
lower legs, especially in the regions of the ecchymoses. Later, distinct stocking type of 
hyperesthesia was found. 

The data concerning peripheral blood, liver function and bile pigment studies, and bone 
marrow are summarized in Tables II, lii, and IV. No vitamin C was found in the plasma. 
X-ray of the chest showed moderate congestion at the lung bases. The tourniquet test was 
positive. 

The patient was fed the vitamin C restricted diet during the entire hospital stay. 
After eight days the blood pressure had fallen to 90/50, and he was becoming confused. The 
skin was a sallow gray color. The erythrocyte count and hemoglobin level had fallen, and 
the reticulocyte count had risen to 5 per cent. Vitamin C was begun in dosage of 500 mg. a 
day orally and the patient recovered over a period of three weeks. Four days after vitamin 
C was begmn the blood pressure was 110/64. Icteric index was normal. 


SEVERE SCUR\'Y 


625 


rats between the vitamin C stored in the adrenals and the synthesis of adreno- 
cortical stcroids.^^’ 

In 1930 jMcttier, Jlinot, and Towaisend® eoncliidcd that scorbutic anemia 
responded specifically when orange juice was administered hut did not respond 
to iron or purified liver extract. They showed that the eiythrocytes were noimo- 
cytic noiTiioehromic or moderately macrocytic hj-pcT-cliromic, in contrast to 
previous teaching that the cells generally were h\*pochromic. They found the 
hone marrow moderately hj*perplastic and normoblastic and noted an increase 
in eellularity due principally to an increase in normoblasts after vitamin C was 
administered. 

Since 1930 numerous observers’'*'-- have reported hematologic studies on 
one, two, or three persons with seimy which had oceuiTed naturally or had been 
induced experimentally.-® The most comprehensive recent .study involved fifty- 
three scorbutic patients in Edinburgh. Scotland.®'* ilueh of this work seems to 
indicate that seur\y and anemia do not necessarily coexist, that experimental 
vitamin C lack does not interfere with blood foimation, and that patients with 
naturall 5 ^ occurring semwy and anemia show erj-throeyte and hemoglobin re- 
generation while on a '^’itamin C free but otherwise adequate diet. The hone 
marrow has been described as hj-perplastic ■ndth nomoblastie maturation 
arrest, ° as hj-poplastie,®’’ and as megaloblastic.’® In short, the inference is that 
vitamin C is not essential for normal hematopoiesis and that hemorrhage, lack of 
iron, and some unkno^vn ■vitamin B complex or other deficiency state account for 
scorbutic anemia. 


The hematologic data gathered from our severely scorbutic patients while 
they were on a diet very low in -vitamin C and low in the rttamins of the B 
complex corroborate many of the original observations of Mettier, Minot, and 
To-^rasend.® Nine of our critically deficient patients either did not improve 
clinically or hematologieaUy- or became more anemic and debilitated on this 
diet. Striking hematologic and clinical recovery- occurred after -vitamin G alone 
was added to tlm experimental regime, much the same effect previously reported 
for orange .juice. 


In addition, almost all of our- patients had signs suggesting accelerated 
blood destnietion, namely, reticuloc.rtosis, slight or moderate .jaundice elevated 
urobilinogen output in urine and stool but no bile in the urine. All of these 
signs disappeared within from four to twelve days after -vitamin C was ad- 
mini.stered. None of the patients had clinical evidence of hepatic d 3 -sfunction 
and of twenty-nine liver function tests performed on eleven patients onlv 
nine tests were definitely abnormal. Such hepatic dv.sfunction as was found 
by laboratoiw procedures was no more than might have occurred from chronic- 
nutritional deficiency. Liver disease could scarcely have been responsible for 
all of the signs associated with the .jaundice. These data s-ugge.st that hemolvsi. 
was partially responsible for the anemia and that this factor was rapidlv 
c iminated by the administration of vitamin C. Since neither the decree of 
the anemia nor the degree of the .jaundice could be correlated with the extent of 
visible ccchymoses, it seems possible that some of the hemolwris occurred in 
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Fig. 7. — A patient ivith severe scurvj- rvliosc erj’tlirocj'tcs and hemoglobin declined and 
reticuloeytes rose as his clinical condition grew worse prior to the administration of vitamin 
C. Thereafter, he made a rapid clinical and hematologic recovery. 

T. K. (Case 19)', a GG-ycar-old white man, was admitted to the Cincinnati General 
Hospital May 10, 1945, because of inability to walk, tenderness in the calves, and numb- 
ness in the feet. The appetite had been poor, and ho had been eating nothing but vegetables, 
soup, cheese, bread, and beer for six months. Prior to that the chief articles of diet were 
beans, sauerkraut, and potatoes. Two years before admission ho quit work because of weak- 
ness in the legs. Ho was living with his wife, but his daughter, who had been caring for the 
old folks, had left for tho WACs one year before. He was unable to remember when ho had 
last eaten citrus fruits or tomatoes. 

The temperature was 100.0° F.; pulse, 90 j respirations, 24; blood pressure, 190/100. 
Tho respirations wore of Chejme-Stokes type. The skin over the legs and thighs was covered 
with large, deep, dark purpuric spots with white firm centers. The gums were blue-red, 
swollen, and very tender. The sclerae were icteric. The sldn was a dirty yellow-gray color, 
nail beds were cyanotic, and there wore splinter hemorrhages under the nails. The chest 
was emphysematous. The patient was confused and disoriented. The arms and legs were 
somewhat spastic. All deep reflexes were hyperactive. There were bilateral positive Hoffmann 
reflexes and bilateral ankle clonus. ^ 

The data concerning peripheral blood, liver function and bile pigment studies, and bone 
marrow are summarized in Tables II, III, and IV. The plasma vitamin C level was 0.0 mg. 
per cent; blood urea nitrogen 18 mg. per cent. Electrocardiogram showed myocardial dam- 

(Continued on opposite page.) 
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travascularlj' rather than solelj^ in the ecchjmoses, although this has not been 
proved. 

The bone marrow was ne%'er as hjTJerplastic as one would expect in patients 
with pure hemolytic jaundice or the anemia of acute blood loss. In fact, the 
marrow sample obtained by sternal aspiration was definitely In-pocellidar in one 
patient who had distuietly elevated reticulocytes. If this specimen represented 
adequate sampling of all the marrow, then definite hypoceUularity was present. 
White blood cell counts frequently were low. These obseiwations suggest that 
there were significant etiologic factors other than hemolysis. AU of these ab- 
noi-malities disappeared when mtamin C alone was administered to patients 
whose previous course had been stationaiy or downhill. The conclusion seems 
inescapable that vitamin C reveised these abnormal processes and is essential 
for normal formation and maintenance of en'throcytes. 

On the other hand, we too have found that patients with mild or moderate 
scuny may have no anemia or may improve clinically and hematologieally when 
they are put to bed and fed a mtamin C restricted diet. In fact, a normal blood 
picture has been foimd in twelve ambulatory patients with seumy who have 
visited the Nutrition Clinic, Hilbnan Hospital, Biimingham, Ala.® Further 
dbservations from this clinic indicate that many nutritionally 'deficient persons 
may have repeatedly negative tests for vitamin C in the plasma for five years 
and 3'et develop neither clinical seurvj^ nor anemia. 

The factors which cause the development of anemia in some persons with 
scurvy but not in others are not clearly understood. Certain considerations, 
however, help explain this variation in hematologic response. In the normal 
. course of events deficiency diseases seldom occur as single entities. Deficient 
diets are seldom lacking in a single essential factor. The altered physiology 
. induced by the deficiency of one essential nutrient maj^ increase the need of 
the cells for the other essential nutrients and may exaggerate the pathologic 
response of the cells if a second or third deficiency occurs. As an e.xample. 


.10 second; P-R inten-al, .20 second. Cerebrospinal 


age, S-T, and S-T, depressed; QES, 
fluid was normal. 

The patient was placed on the vitamin C restricted diet for the entire hospital «tav 
After four days, periodic breathing was more pronounced and he was mnch more conf^ced 
the naU beds more cyanotic, and the blood pressure 140/90. Erj-throcyte and hemoglobii^ 
levels had faUen and reticulocytes had increased to 14 per cent. He told the esat^nine 
physician that ho would not live until the next morning. Vitamin C in do=es of 100 
five times a day was given by mouth May 14, 1945. After twenty-four hours the peripheral' 
cyanosis and muddy color of the skin had disappeared. The gums were le« swolUen and 
were paler. Sclorae appeared to be less icteric. The patient was less confused and was 
breathing normally. 

In six days the had completely healed and the purpuric areas had become broivn 
Ail signs of jaundice had disappeared and the icteric index was 5. The patient made a rapid 
recovery- from scurvy, but neurologic manifestations were unaltered. ^ 

•Thew. .tudios wore supportcl by grants from Chas. Pfizer & Co.. Inc. Xew Tork. .V. Y. 
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rig. 8. — A imtioiit with severe seurvy. Ten days after vitamin C was begun, rcticule- 
cytes had increased to a maximum of 10.2* per cent. Thereafter, tlie erythrocytes and hemo- 
globin increased rapidly. Such a reticulocyte rcspon.«c following the administration of 
vitamin C was ob.=erved in only one other patient. 

W. B. (Case 11), a 73-year-old white man, entered the Cincinnati General Hospital April 
4, 1944, because of pain and weakness in the knee.':. One year before he had noted black and 
blue marks about each knee which appeared without trauma. Recently those areas had bccoiiio 
larger and the knee joints painful. He had never married and had always oaten in 
restaurants. Ho stated that he liked fruits and vegetables but could not afford to eat them. 

His temperature was 99.8” H.; pulse, 98; respirations, 20; and blood pressure, 190/94. 
The inner aspects of the thighs and both Imees were covered with confluent ecchymoses as- 
sociated with phlebothrombosis in the popliteal regions. There were a few perifollicular 
hemorrhages over the tibiae and small subcutaneous ecchymoses on the right elbow, left fore- 
arm, right temple, and right upper eyelid. The mucous membranes were pale and the selerac 
were jaundiced. Gums were normal, even around one tooth remnant. The liver was moderately 
enlarged but nontender. Signs of old left hemiplegia were found. 

The data concerning peripheral blood, liver function and bile pigment studies, and bone 
marrow are summarized in Tables II, III, and IV. The vitamin C level in the plasma was 
0.0 mg. per cent. Blood urea nitrogen was 26 mg. per cent. Gastric analysis showed 22° of 
free hydrochloric acid after histamine stimulation. A barium enema and gastrointestinal 
series showed only distended bowel. 

The patient received the vitamin C restricted diet during the entire period, of hospital- 
ization, and administration of vitamin C, 100 mg. three times a day intramuscularly, was be- 
gun April 13, 1944. Ten days later the reticulocytes had mounted to 19.2 per cent, and 
twelve days after administration of vitamin C the icteric index and urine urobilinogen values 
were normal. The patient was discharged June 2, 1944, in good condition. 
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a patient vnth severe vitamin C depletion may have no anemia until additional 
strain is placed on tlie hone marrow by a deficiency of extrinsic factor, protein, 
iron, or other unknown factors which may be necessary for normal hematopoiesis. 
Yet, after anemia has developed, the deficiency of the latter factors may not be 
serious enough to prevent a remission when large amounts of vitamin C are 
administered. In many deficient persons, bed rest which reduces metabolic 
requirements for all essential nutrients may be sufficient therap.v to produce a 
clinical and hematologic remission. Depending on the interplay of multiple 
factors, morphologic differences in blood and hone marrow and varied therapeutic 
responses may readily occur in patients with scuny and other deficiency states. 
For these reasons, our observations on patients who were critically ill with 
scuiny, anemia, and other deficiency diseases of long standing cannot be eom- 
pai-ed satisfactorily with data on human subjects in whom a single deficiency 
state, scurvy, has been produced experimentally-^ without the occurrence of 
anemia. For all these reasons, the stage is set for the accumulation of data which 
appear to be contradictorA-. The difficulties of establishing the exact relation- 
ship of A-itamin C to the anemia of scurvy are multipUed. Our data indicate 
that a deficiency of vatamin C is the major factor in the development of 
scorbutic anemia such as AA'as found in these patients, although the modus 
operand! remain unsettled. 


SUMM.VRY a:xd coxclusioxs 


1. The prodromal period and the clinical features of severe scurvy are de- 
scribed in nineteen scorbutic patients admitted to the Cincinnati General Hos- 
pital over the past ten years. PerifoUievdar hemorrhages, ecchymose.s, swollen 
painful .joints, and swollen blue-red tender gums occurred frequently. Blood 
pressures tended to be low, and many of the patients were bordering on vascular 
collapse. 

2. All but two of the nineteen patients had anemia. 

3. Complete hematologic studies were earned out on eleven patients. The 
anemia was normochromic and normoev-tic or slightly macrocytic. Persistent 
reticuloej-tosis, moderate leucopenia, and thrombopenia occurred frequently. 
Jloderate icterus of the hemolv-tic type was noted in most of the patients. 

4. The bone marrow appeared moderately hv-poceUuIar in one patient and 
Jionnally cellular or hypereellidar in the others. Differential counts of 
nucleated marrow cells indicated a relative increase in normoblasts and, to 
a lesser extent, in the younger members of the red cell series. 

5. Twd patients with mild or moderately severe scurvw improved clinicallv 
and hematologically after bed rest. 


6. In nine severely scorbutic patients, despite persistent reticulocytosis 
erythroev-te counts and hemoglobin levels were unchanged or fell while the 
patients were in bed on a vitamin C restricted diet. 

7. nemarnlogie and clinical improvement occurred in each of these patients 
after ciystalhne A-itamin C was administered. 

S. The concept of the multiple defieieney state, Avith manv factors besides 
AUmmn C defieaoncy advemely affecting the bone marrow, can explain the manv 
conflictmg reports on scorbutie anemia Avhich have appeared since 1930 
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9. In these eleven conseeutive patients the anemia of scunT oceurrefl 
primarily because of %dtamin C deficiency. 
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THE EFFECT OF FOLIC ACID (LACTOBACILLUS, CASEI FACTOR) 
IN NUTRITIONAL HESIATOPENIA OP AIONKEYS 

Hentjy E. Wilsox, M.D., Sasiuel Saslaw, Ph.D., AI.D., axd 
Ch^ujles a. Do.vx, M.D. 

Columbus, Ohio 


P REVIOUS reports from this and other laboratories^'® have described the 
clinical and hematologic aspects of the nutritional deficiency which develops 
in monkeys when they are maintained on diets deficient in certain constituents 
of the vitamin B complex. Day and associates’'"- ® have shown that mtamin B 
deficient diets supplemented with niacin, thiamine, and riboflavin failed to pre- 
vent nutritional ej'topenia, whereas liver exti-act or brewers’ yeast did prevent 
these changes. The essential but unidentified component in these two substances 
was designated vitamin JI. Subsequently, in 1942, it was repoi-ted from this 
laboratoiy®-® that the addition of calculated supplements of niacin amide, 
thiamine, riboflavin, calcium pantothenate, pyridoxine, inositol, paraminobenzoic 
acid, choline, pimelie acid, and glutamine (Diet 2) failed to prevent the 
progressive development of the clinical signs of deficiency or the hematopenia, 
although on this diet leucopenia appeared more consistently in the monkeys 
in our studies and was usually more pronounced than anemia. Thus, it became 
evident that the essential component present in liver and yeast was not identical 
-a-ith, or completely included in, these additional individual or coUeetive con- 
-stituents of the vitamin B complex. Our.obsen-ations at that time suggested 
that a folic acid concentrate of yeast was effective in "re-establishing a normal 
white cell equilibrium*’ and that this folic acid “closely simulated the effect of 
I'arenteral liver extract. ’ ® It has since been reported that hactdbacxllus cusei 

factor has been used effectively in complete!}' compensating for the hypothetic 
vitamin M deficiency in the monkey.® The purpose of this communication is to 
report in more detail our studies of the effects of folic acid concentrate of yeast 
and of crystalline L. ccsei factor from liver in nutritional hematopenia in the 
raonlvey. 

Following a prelirainaiy period of observation, five monkeys were placed on 
a synthetic diet and were studied for nutritional changes in the same manner 
using the same techniques of feeding as hhve been premously described.® Two 
of the animals (IMonkeys 53 and 136) received the vitamin B free basic diet, 
supplemented with all of the separate constituents of the mtamin B complex 
premously listed (Diet 2), while three animals (Slonkeys 61, 1C, and 96) were 
given the basic diet alone, supplements being added only after signs of nutri- 
tional deficiency appeared. 

Three of the five animals (Jlonkeys 53, 61, and 136) were treated intra- 
muscularly with a folic acid concentrate* from yeast’® containing appro.ximately 
57j£of L. casci factor per cubic centimeter. The other two (Monkevs 96 and 
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1C) M'crc given a liighly purified eiystallinc preparation of L. casci factor" 
intravenously.^ 

Monkey .53 (Fig. 1), while on Diet 2, showed gradual weight loss and later 
some diarrhea during the first seventy diet day.s, but the general appearance 
and vitality of the animal remained fairly good. Despite the wide fluctuations 
in granulocj-tes, the total 'W.B.C., granulocytes, and lymphocj-tes fell pro- 
gressively, until by the eighty-eighth day of diet the white cells had fallen from 
a total of 10,350 ivith 4,864 neuti-ophils and 4,243 h-mphocj-tas to 5,150 'W.B.C. 
with oidy 669 granulocj-tes and 3,502 Ij'mphocj'tes. 

Intramuscular injections of folic acid concentrate totaling 4.5 c.c. were given 
in six divided doses over a period of twenty daj'’s (Fig. 1). There was a prompt 
increase in granuloc3*tes which reached a peak of 10,080 (higher than normal 
base line levels) eleven days after the first injection. Following discontinuance 
of the folic acid, there was a progressive decline in the total white cells which, 
however, remained mthin noimial limits for twentj'-nine daj's after the last 
injection. 

There was a minimal degree of anemia at the time the folic acid concentrate 
was given. The red cells did not fall below 4.0 million, as compared with base 
line levels of from 4.3 to b.dmiillion. while hemoglobin values fluctuated between 
11.5 and 12.5 Gm., as compared with ba.se line values of from 13.2 to 14.0 Gm. 
There was a slight increase in reticulocjies to 3 per cent within three daj's and 
a secondary rise to 5.4 per cent twentj’-eight daj's after beginning the folic acid 
injections. There followed an increase in total red cells to 5,700,000. After this 
brief period of hematologic and clinical improvement, there was progressive 
decline and ultimate death of the animal (Monkey 53). In this monkej' the 
granulocjies and Ij-mphocjies were the most sensitive index to the dietary 
deficiency in an essential nutiitional and hematopoietic component, and accord- 
ingly they reflected a more immediate, though transitorj-, response to folic acid 
supplement than the erj-tlunid elements or the thrombocj'tes. 


Monlcej' 136 was maintained on Diet 2 for 135 days prior to the experi- 
mental studies chai-ted in Fig. 2. During that initial period the animal grad- 
ually developed clinical signs .of nutritional deficiency, including anemia, 
leucopenia, and thrombocjdopenia. The weight declined from 3,060 to 2,480 
grams. Tlie total white cell count fell from a base line average of from 10 200 
to 5,000 and the granulocj-tes from 6,400 to 3,600, and the h-mphoej-tes were 
reduced from 2,000 to 720 per cubic millimeter. Similarlv, the red cells <nrad- 
uall.v dropped from 4.5 to 5.0 million to a low point of 2.9 million and the hemo- 
globin from 12.0 to 14.0 Gm. to 7.8 Gm. The platelets fell from 1,000 000 to 
200,000 per cubic millimeter. After the signs of nutritional deficienev and 
panhematopenia were tlius well advanced, crude liver e.xtract was adminfstered 
intramuscularly daily, for eiglit days, and the animal was returned to a nomal 
diet for thirty days. A jirompt reticulocA-te crisis followed with a transiton- 
overeompensatory granulocytosis and thromhocjde recoveiy. Coincident witli 
tl^matologic response, there was marked clinical improvement. This monkev, 

•wo .nr. ln,l.ht.a to Dr. i: E R. stoketadt for ttis material. 



634 


^^^LSON, SASliMV, AND DOAN 


ho^Yevc^, did not regain the weight lost during the first period on Diet 2, and 
there was a persistent diarrlica. Wlien the animal was again placed on Diet 2, 
granulocytes, lymphocytes, and erythrocytes fell again promptly. On the fifty- 
fourth diet day folic acid concentrate injections were begun; they resulted in 
an immediate significant granulocytosis and a later rise in red cells, hemoglobin, 


MONKEY 136 


NUTRITIONAL PAN-HEMATOPENIA 
Comparative Effects of UverExtr/krtand FollcAcid 



■i Vii? 2 —The response to the first series of folic acid concentrate injections is strikingly 
J to thit of livir extract, with an increase in ali of the white celi elements, red cells, 
hemoglobin, and the blood platelets. 
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and platelets comparable to that noted following tlie earlier liver extract injec- 
tions. The first series of daily folic acid concentrate injections was stopped on 
the seventy-foui’th day of diet and was followed by a decline in gi’anuloeii:e.s. 
The clinical state of the animal deteriorated rapidly, and the decline was 
accelerated by a spontaneous Shigella dysenteriae infection. The loss of blood 
in the feces at this time precipitated a profound anemia. The bone marrow 
study (April 3, 1942) revealed an absolute hj-popiasia of both the erji;hroid and 
myeloid elements with a slight left shift in the eiythroid elements. In spite of 
the fact that the animal was m a profound state of debility, another series of 
folic acid concentrate injections was begun and resulted in a reticulocyte crisis 
with a peak of 24 per cent and an abortive granulocytosis and thrombocytosis. 
These reactions were quantitatively less than the earlier marrow responses to 
liver and folic acid, respectively, -and inadequate to initiate recovery from the 
established intestinal infection. Terminally, a study of the femoral bone marrow 
revealed a more advanced degree of ci:>i;hroid and myeloid hypoplasia than had 
been obsen-ed seven weeks earlier. 

Monkey 61 (Fig. 3) was maintained on the basic diet, supplemente'd for the 
first few days of the experimental period by oral yeast. On this regime diarrhea 
and leueopenia developed and led to a very rapid decline in the clinical state 
of the animal. An optimum diet was reinstituted with prompt clinical improve- 
ment and a moderate reticulocyte increase and hemoglobin rise but with the 
white eeU levels increased only slightly. The basic diet was then resumed with- 
out vitamin B supplements, and by the end of four months a relatively profound 
anemia had developed. 

During this period the animal showed several distinct episodes of clinical 


decline associated vitb a further progressive leueopenia, with transitory remis- 
sions in the leucopenic phases paralleled by temporary clinical improvement 
(Fig. 3). On Feb. 24, 1942, the total white blood cells feU to 6,350, as contrasted 
ivith base line levels of from 11,000 to 16,800, and the neutrophils feU from a 
base line of from 6,500 to 1,524 per cubic miUimeter. Again on May 19, 1942, 
the leucocytes fell to 8,500 and the granulocytes to 1,400. By the one hundred 
twenty-eighth day on this diet there was marked anemia and leueopenia and 
clinical debility. At this point folic acid concentrate was started. The ammnl 


received 2.0 c.c. intramuscularly daily, for eight successive days; then after a 
lapse of one week the injections ivere continued, 2.0 c.c. every second day for 
a period of fifty-four days. After the administration of this material, there 
was a sharp immediate response in granulocytes, followed shortly by an increase 
in reticulocjnes and platelets. The granuloc 3 des reached a peak of 16,000 with 
the total white ceUs 19,250 in gn overeompensatorj' rebound on the ei-^hth day 
of therapy and then returned to base line levels (from 4,000 to 5 000) coincident 
with an increase in lymphoejdes up to 10,000 per cubic mUlimeter ’ A marked 
increase in thromboodes to 3,700,000 per cubic mUlimeter coincided with the 
maximvm reticulocyte response of 25.6 per cent which was obsem-ed after nine 
There (ollowed n„ merrese in circulating „d cells to 5.5 million from 
3.2 null, on end u. hmoglohm ,o 14.4 Gm, from 8.9 Gm. after folic eeid snnnle. 
mont.,. Folloumg th.s permd of hrperresponse, the enimal teas retnraed to an 
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optimum diet supplemented by juirentcral liver extract. ’ Tlic red cells and 
hemoglobin resumed their normal equilibrium. There was gradual clinical im- 
provement and weight gain over a period of six weeks after beginning folic 
acid concentrate, but at no time did the animal (IMonkey 61), completelj" lase 
the hyperkeratosis and scaling of the skin which had appeared during the period 
of deficiency nor completely regain its normal weight and appearance of well- 
being. The anemia in this monkey on a limited basic diet was more pronounced 
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than that seen in most of those animals maintained on tlie basic diet plus sup-, 
plemental B fractions, and the response of the ciytliroid elements to folic acid 
was correspondingly more dramatic. 


COMPARISON OF TIIE EFFECTS OF -VDENYLIC AND FOLIC ACID 


The role of adenine and guanine nucleotides in myelopoietic stimulation 
has been experimentally demonstratcd'='- and the principle applied thera- 
peutically”-’'^ in recent years. Because of the apparent .specific eftect of L. cnsei 
factor on myelopoiesis in nutritional leucopenia, it seemed desirable to compare 
the effects of folic acid and adenylic acid under the conditions of this experiment. 

Monkeys 96 and 1C were placed on basic diet without the vitamin B supple- 
ments in order to produce the deficiency sj-ndrome rapidly. Both animals 
showed a similar response throughout the parallel periods of oliservation (Figs. 
4 and 5). During a period of sixty-two days on this restricted diet the total 
white cells in Monkey 96 fell from an initial 18,000 to 21,000 base line to 6,900 ; 
the granulocytes, from 16,000 to 2,400; and the h'mphoej'tes, from 3,900 to 1,100. 
A significant anemia also developed, the red cells falling from 5.5 to 6.0 to 2.88 
million per cubic millimeter and the hemoglobin from 12.7 to 7.1 6m. per 100 c.c. 

At this time daily intravenous injections of adenylic acid (0.2 mg.) were 
started. During this part of the investigation complete blood studies were 
made four times daily. It was obsen’ed that for a few hours after each daily 
intravenous injection there was a temporarv- marked leucoc>i;osis. The Iiigh 
granulocyte peaks recorded were obtained during these early postinjection 
periods. However, the lymphocytes remained abnomally low, and the gi'anu- 
locytes returned to leueopenie levels within from eight to twelve houi-s after 
each injection. The red cells, hemoglobin, reticulocytes, and platelets were 
unaffected. 

ilonkey 96 then was given daily intravenous injections of L. casei factor 
(from 0.1 to 0.2 mg., see Pig. 4). In response to this substance there was a 
progressive upward trend in both granulocj-tes and lymphoc%-tes, with total 


white cells varvdng from 9,000 to 16,000 and granulocj-tes from 6,000 to 10,000, 
and lymphocytes remaining fairly stable at from 2500 to 3000 per cubic milli- 
meter. There was an appreeialile xeticulocv-te response (6.8 per cent after 0.7 


mg. of L. casei factor had been administered over a period of twenty-two davs 
and a secondary reticulocyte peak occurred after fuither continued daily ad- 
ministration. A slow, but progressive, rise in red cells (from 4.5 to 5.5 million) 
and hemoglobin (from 12.6 to 13.0 Gm.) took place during this seventy-day 
period of L. ccisci factor administration. The clinical state 'of the animal im- 
proved coincident with the hematopoietic recoverv-. and this improvement con- 
tinued and was maintained after the addition of the other vitamin B supple- 
ments. However, the animal was not entirely normal. There was marked 
irritabilitj and a tendency to jerky .spasmodic movements which did not dis- 
appear until this monkey had been on a nomal diet for a number of weeks 
after tlic end of the experiment. Monkey 1C (Fia. 5) showed a somewhat more 
protound nutritional leucopenia and a le.ss marked temporarv leueocsTosis in 
response to adenybe acid administration. However, the cumulative and sus- 
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taiiied crytliroid and myeloid rceovciy followinp: L. casci factor, as coiiti'astcd 
Mdtli adenylic acid, was as striking and definite as that in itlonkcy 96 just 
described. 

In control studies three normal monkey.s, each on optimum diet, were given 
daily intravenous injections of 0.2 mg. of adenylic acid over a period of several 
M’eeks. A marked transitory Icucoeytosis was observed for a few houi’s after 
each injection with subscciuent return of white cell levels to normal within 
twelve hours. 

Two other normal monkeys in an optimum nutritional slate received re- 
peated intravenous injections of 0.2 mg. of synthetic L. casci factor with no 
significant alteration in any of the peripheral blood cell levels, 

DISCU.SSIOX 

All of the five animals on the experimental diets described herein developed 
clinical and hematologic evidences of nutritional deficiency. In these animals, 
as in many others which we have observed on similar diets, the neutropenia 
developed fir.st. The lymi)hopenia which appeared independently, latci', was 
less subject to exacerbations and remissions than the neutropenia and more 
accurately reflected the degree of nutritional and ])hysical deficiency of the 
animal. The rapidity of development and the degree of the panhematopcnic 
tendency, like the clinical signs, varied with the individual animal. Thus, one 
animal (Monkey 53) showed only the Icueopenia ; the other four monkeys showed 
anemia plus leucopenia; and two of the.se (IMonkoys 6], and 136) developed 
a significant thrombocytopenia. Individual variation was also observed by 
Langston and eo-workers who reported that “a f(?w animals died before the 
anemia became marked’’ and that “the degree of anemia varied somewhat 
with the animal.”’' 

The contrasting eflects of adenylic acid, causing a transient lcucocyto.si.s, 
and of L. casci factor, which stimulated a gradual sustained increase in bolli 
myeloid and erythroid elements, are clearly demonstrated. 

It is possible that the folic acid concentrate which was used in three of 
the animals may have contained minimal components of yeask other than 
L. casci factor. AVhatcver other substances may have been jjresent, however, 
were utilized precisely the same as is L. casci factor, as indicated by the similar 
nature and identical character of the hematologic responses. 

The report of Day and associates" indicates that the addition of purified 
L. casci factor to similarly supplemented basic diets constitutes an adequate 
diet for the monkey. While this substance in the quantities administered to 
" the monkeys in our studies was not entirely effective in returning the animals 
to a completely normal nutritional state within the period of these observations, 
there was restoration of the bone marrow to normal function with the re-estab- 
lishment of a normal equilibrium of the cells in the peripheral blood, associated 
with marked clinical improvement. 

It is likely that the anorexia shown by monkeys in the well-defined vitamin 
AI deficiency state results in decreased diet consumption and consequently a rela- 
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tive protein deficiency -wiiieh may play some part in the clinical and hema- 
tologic pictures. Similarly, it i.s possible that a dietary deficiency in Jj. cusci 
factor or substances utilizable as L. casci factor may precipitate a relative in- 
sufficiency in other components of the vitamin B complex, despite the addition 
of these to the basic diet. Whatever role thc.se factors may play, it seems 
clear that the L. casci factor is an e-ssential molecule for noimal hematopoiesis 
and optimum nutrition in the monkey. Furthermore, it seems that the potential 
activity of L.casci factor comprises not only an essential antianemia element 
but also a very potent myelopoietie and thromboeytopoietic stimulus for optimum 
bone marrow function. The critical deficiency threshold in any given animal 
at any given time may differ for red blood cells, granulocyte.s, lymphocytes, 
and blood platelets. The liematologic and clinical manifestations which result 
from a diet lacking the essential hematopoietic elements reflect the degree of 
inadecpiacy of the vital raw materials and/or catalysts necessary for erj-throid. 
myeloid, hmiphoid, and megakaryocj-tic fmictions, respectively. 

Other recent studies in monkeys’’ and clinical studies in human nutritional 
leucopenia’® and in E. M. F. deficiency anemias’®’^- using sjuthetic L. casei 
factor-® lend support to this concept of L. casei factor as an essential pan- 
hematopoietic substance. 

SUMMARY 


]. Five monkeys (Macara mulatta) on vitamin B deficient basic diets suii- 
plemented in four cases by all of the known B vitamin fractions e.xcept L. casei 
factor developed clinical and hematologic evidences of nutritional deficiency. 

2. Three of these animals treated with a yeast autolysate containing L. casei 
factor showed dramatic clinical remissions and the re-e.stablislunent of a normal 
I’.ematopoietic equilibrium. 

V \ 

3. Two of these animals treated ndth purified crystalline L. casei factor 
from liver showed unequivocal clinical and panhematopoietic remissions after 
failure of adenylic acid to evoke more than a veiy transitory, noncumulative, 
or sustained leucocj-tosis. 

4. These studies indicate tliat a monkey under the conditions of these 
ohsei-vations may develop a deficiency in one or aU of the bone marrow elements 
any one or all of -which may respond promptly and completely to L. casei 
factor activity. 
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FURTHER OBSERVATIONS ON THE ANTIANEJMIC PROPERTIES OP 

SAIETHYL URACIL 


Walter B. Fromaieyer, Jr., H.D., Tom D. Spies, il.D., Carl P. Vilter, M.D., 

a:si» E^iglish, B.S. 

Birmixghaai, Ala. 

F or manj- years the subject of macrocytic hyperchromie anemia lias been 
under intensive investigation in many laboratories and clinics. The relation- 
ship of nutrition to the fomiation of blood cells has been one of the many diver- 
gent lines of these investigations. Since 1940 ive have been interested in the 
function of thymine' in this relationship, since it is a normal constituent of the 
body cell. We observed tliat the administration of 1 Gm. or less of 5-niethyl 
uracil gave no hematologic response Avhen given to patients ivith nutritional 
macroej'tic anemia, the anemia of spi-ue, and pernicious anemia in relapse.^ 
At a higher dose level a liematologic response ivas observed in patients- ivitli 
pernicious anemia in relapse.-’ The present report is concerned ndth the effec- 
tiveness of sj-nthetic 5-methyl uracil as a hemopoietic substance. 

The criteria used in the selection of the patients vrere as follows; 

1. An eiythrocj'te level of 2.5 miUon or less 

2. A color index of 1.0 or more 

3. A mean corpuscular volume of 100.0 cubic microns or greater 

4. A mean coi-puscular hemoglobin of -32 micromierogi-ams or more 
5, A mean corpuscular hemoglobin concentration of 34 per cent or more 

6. A histamine refractoiy achlorhydria and achylia 

7. A nomal oral glucose tolerance curve 

8. The absence of acute infections 


Using these criteria, we selected six patients for study. A complete dietaiy 
and medical historj" was obtained, and a physical examination was performed. 
Gastrointestinal x-rays, urinalyses, and stool examinations were essentially 
normal in all instances, and an icteric index obtained prior to treatment was 
slightly elevated in each case. Sternal bone marrow studies performed on 
each patient before treatment was instituted revealed the megaloblastic arrest 
characteristic of E. M. P.t deficiency anemia. 

Each patient selected for study was hospitalized, and base line laboratory 
studies were done. The diet was rigidly controUed and contained no meat 
meat p roducts, fish, poultry, or raw vegetables. Blood studies were perfoimed 
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TAWiE I. OkAE DoSAOE of .Si'N'J'JIETIG w-JlETHYI, UliACH, Al>MINI.S-ra:EI) TO SIX J’ATIEXTS 


CASE 

COUKSE 

OF 

TREATMENT 

PAIEY 

DOSE 

(GM,) 

NDJIDER 

OF 

DAYS 

TOTAL 

DOSE 

(OJf.) 

ri:mai:ivS 

1 

1 

1.0 

7 

7.0 

Eo tlierapy given for period of 45 days 


2 

G.O 

12 

72.0 

lictwecn Coiirse.s 2 and 3 


3 

30.0 

31 

310.0 


o 

1 

10.2 

n 

312.2 

No (Iierapy given for period of 17 day.s 


o 

10.0 

1.'! 

1.30.0 

Oetu'een Coiir.“e.‘i 1 and 2 

o 

1 

4.5 

13 

5S.5 

No llicraiiy given for period of 5 day.s 


o 

10.2 

5 

01.0 

hetueen Courses 2 and 3 


3 

30.0 

11 

110.0 


4 

t 

G.O 

14 

.S4.0 


5 

1 

12.0 

S 

90.0 


fi 

1 

(i.n 

12 

72.0 



daily as previously described.'' Bone marrow studies oii each patient were 
performed prior to treatiuent, on the second day after the peak reticulocjdosis 
had occurred during treatment, and again after the reticulocyte concentration 
had subsided to less than 3 per cent in the j)eriphci’al blood. Immediately 
prior to administration 5-methyl uracil was weighed on an analytic balance and 
suspended in one-half glass of water. 'J’hc do.ses administered varied in each 
case, as shown in Table I. 


Table II. Effect of Obal Ai>.\fiNr.sTi!A'rio.\ of Synthetic .C)•^fETHYIi UnAcir, o.v 
PEniriiEnAL Blood ik Beknk.’ioos ane.mia ix RnLAi'.sn 




R.B.C. 

(MILLION) j 

ini 

. (OM.) 


1 llETIC. {%) \ 


CASE 

COURSE 

OF 

TREAT- 
AfENT 1 

INITIAL 

AI'TER 

7 

DAYS 

FINAL 

DAY 

INITIx^L 

1 

AFTER 

7 

DAYS 

FINAI. 

DAY 

FIRST 

DAY 

OF 

RISE 

DAY 

OF 

1 PEAK 

AT 

PEAK 

TOTAL 

dosage 

(GM.) 

1 

1 

1.99 

1.73 

2.01 

(8) 

7.5 

7.0 

6.3 

(8) 


— 

— 

7.0 


o 

2.01 

2.19 

2.88 

(22) 

6.3 

8.1 

10.4 

(22) 

0 

11 

14.2 

72.0 


3 

2.37 

2.48 

2.98 

(11) 

8.0 

9.0 

10.2 

(11) 

4 

30 

13.2 

130.0 

2 

1 

1..5S 

2.02 

2.51 

(17) 

0.2 

8.4 

9.8 

(17) 

4 

0 

39.0 

112.2 


2 

2.25 

2.33 

2.74 

(13) 

9.8 

9.0 

10.4 

(13) 

5 

8 

14.2 

130.0 

3 

1 

1.68 

1.92 

2.01 

(13) 

7.5 

8.6 

9.0 

(13) 

0 

11 

9.0 

58.5 


o 

u 

1.93 

2.55 

2.55 

(7) 

9.4 

10.9 

10.9 

(7) 

5 

0 

8.8 

53.0 


*> 

2.38 

2.28 

2.70 

(13) 

10.4 

10.3 

10.7 

(13) 

0 

9 

5.4 

110.0 

4 

1 

1.86 

2.02 

2.34 

(14) 

5.8 

6.0 

7.5 

(14) 

4 

11 

10.0 

84.0 

5 

1 

1.34 

1.61 

1.60 

(8) 

5.4 

6.6 

G.S 

(8) 

s 

7 

33.2 

96.0 

0 

1 

2.22 

2.55 

2.79 

(12) 

10.7 

11.3 

12,0 

(12) 

2(?) 

5 

14.4 

72.0 
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Tlie lieniatologic effect of 5-nicthyl uracil was observed in six patients with 
pernicious anemia in relapse, as showi in Table II. Coincident with the reticulo- 
cyte response, there was in each case a definite upsurge in weU-being, an improve- 
ment in appetite, and an increase in the patient’s interest in his surroundings. 
The subjective and hematologic response to the oral administration of S-methyl 
uracil was in every way similar to that following the administration of folic acid 
to patients with pernicious anemia in relapse. 

Case 1. Reduplication of the Hematologic Response in the Same Patient to 
Large Doses of o-Methyl Uracil. — This patient was given 500 mg. of 5-methyl 
uracil b.i.d. orally for a period of seven days' without hematologic response. 


Age : 39 years. Co/. ? /'f/sfam/rie ^e/rac/'orj/ Ach/orhyc/r/a one/ Ac/jy/ia 
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.ch? i I' 
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T/)y/7i/nQ 

2 grams, /t/.o'. 
arof/y 
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7y)(//77/n& 

orat/y 


\ 



The dose «as then increased to 2 Gm. t.i.d. On the sixth dav after treatment 
mlh the larger dose liad been instituted, the reticulocrtes' increased to 82 
per cent, and a peak retieuloc.rtosis of 14.2 per cent teas reached on the eleventh 
day. Treatment nos dtscontinned after ttrelvc days, but the ervthroevtes and 
hcmoglobtn eontmued to rase to a level of 2.8S million and 10.4 Gm '(68 per 
cent), respee ,ve y on the ttventy-second day after treatment pith the lar^L 
dose teas instituted. Tins ivas a net increase in erythroevtes of S70 000 
cubic eentimeter of peripheral blood and an increase in lieiioglobin of 41 Gm 
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within a period of twenty-two days. Sternal hone inari’OM- iireparations made at 
this time showed a reversion toward normal. Tlie ])aticnt was then discharged 
from the hospital and subsequently Avas observed on sevci’al occasions in the 
Nutrition Clinic. Blood studies Avcrc performed hiwcekly, and it Avas observed 
that the erythroejde level and hemoglobin remained essentially constant until 
the Aveek prior to rcadmission to the Jiospital. 

Forty-fiA'c days after tlie patient had received her last dose of 5-methyl 
uracil, she Avas readmitted to the hospital for further study. In an effort to 
reproduce tlie hematologic response aa'c had initially observed after administra- 
tion of large doses of 5-methyl uracil in this patient, avc resumed treatment, 
giA’ing the patient 5 Gm. of 5-mcthyl uracil b.i.d. orally. A reticuloc.A'tosis of 
4.0 per cent occurred on the fourth day of theraiiy, and a peak reticuloc.Adosis 
of 13.2 per cent Avas reached on the tenth day after treatment had heen resumed. 
On the eleventh day after the iircsent tlierapy had been instituted, there had 
been a total increase in erythrocytes of 610,000 per cubic centimeter of pe- 
ripheral blood and an increase in hemoglobin of 2.2 Gm. These results are 
shoAvn gi’aphicall}’- in Fig. 1. 

Case 2. Production of a Maximal Hematologic P espouse to 5-M ethyl Uracil . — 
In an effort to produce the e.vpcctcd maximal hematologic response as calculated 
b.y Minot and associates, ■' this patient Avas given larger doses of 5-mcthyl uracil 
than Case 1 received initially. Such a response Avas obtained. The patient 
received 3.4 Gm. of 5-mcthyl uracil t.i.d. orally for eleven days. On tlie fourth 
day of therapy the reticulocyte concentration Avas 6.0 per cent, and a peak 
reticuloejdosis of 19.0 per cent Avas reached on the sixth day of treatment. On the 
seventeenth day after therapy AA'as instituted there had been a total increase 
in eiythrocides of 930,000 per cubic centimeter of peripheral blood and an 
increase in hemoglobin of 3.6 Gm. Stei’iial bone marroAV obtained on the seventh 
day of therapy shoAved regeneration as cA'idenced by a marked increase in 
normoblasts and a reduction of megaloblasts. Treatment AA-as discontinued for 
a period of seventeen days and then resumed, the patient receiving thereafter 
5 Gm. of 5-methyl uracil b.i.d.. On the fifth day of this second course of 
treatment the reticulocytes Avere 5'.8 per cent, and a peak reticulocytosis of 14.2 
per cent Avas attained on the eighth day after treatment Avas instituted. Bj'' the 
thirteenth day the erythrocytes had increased bj' 490,000 per cubic centimeter 
of peripheral blood, AA’liile the hemoglobin remained essentially unchanged. 
Sternal bone marroAV preparations made at the end of the period of therapy 
shoAved a reversion toAvard normal. 

Case 3. Determination of a Minimal Dose of 5-Mcthyl Uracil Which Will Give 
a Hematologic Response. — In an effort to determine the minimal dose of 5-methjd 
uracil necessary to" effect a hematologic response Avithin a period of tAvo Aveelcs, 
and in order to determine the minimal dose requii-ed for a full hematologic 
response by employing the double reticulocyte response dcsci-ibed bj^ Minot and 
Castle,® this patient Avas given 1.5 Gm. of 5-methyl uracil t.i.d. orallj- for a total 
of thirteen days. A reticulocyte response AA’hich appeared to be submaximal 
occurred, as shoAvn in Table II. Sternal bone marrow obtained on the tAvelfth 
dav of treatment shoAved eA'idence of blood regeneration as well as some megalo- 
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blastic arrest. This Avas interpreted as being indicative of a re.sponse to 
inadequate dosage. After the reticulocyte concentration began to fall, the 
dosage of 5-inethyl uracil ^vas increased to 3.4 Gm. t.i.d. oraUy for a period 
of five days. A second reticulocyte response occuiTed, a peak of 8.8 per cent 
being reached on the sixth day after treatment i\-ith this larger dose -was in- 
stituted. On the t-«-entieth day after therapy inth 1.5 Gm. of 5-methyl uracil 
t.i.d. Avas instituted, there had been an increase in ei-j-throcAdes of 620,000 per 
cubic centimeter of peripheral blood and an increase in hemoglobin of 3.4 Gm. 
Sternal bone maiTov obtained at this time Avas normoblastic and in the phase 
of active regeneration. Tlie patient received no medication for a period of five 
days.foUoAA-ing therapy AAnth the larger dose, and he Avas then given 5 Gm. of 
5-methyl uracil b.i.d. as a maintenance dose. A slight but significant reticulocyte 
response occurred after treatment Avas resumed. Thus, it is seen that an oral 
dose of S-meth}'! uracil as small as 4.5 Gm. daily aatII effect a hematologic re- 
sponse in a patient Aidth pernicious anemia in relapse. It is further observed 
that 4.5 Gm. of 5-methyl uracil daily is an inadequate dose as eAudenced by the 
.subsequent reticulocyte response to 10.2 Gm. of 5-methA-l uracil daily and also 
by the presence of an abnormal number of megaloblasts seen in the sternal 
bone marroAv preparation obtained at the end of the course of treatment Avith 
this smaller dose. 


J£ A^c 46 y-s P^frocfory Achlorhydna od Achylia. 



Case 4. Hematologic Response to a Suboptimal Dose of 5-Methyl Uracil.— 
n aix effort to detomme the mmimal dose of 5-methyI uracil required to produce 
he full calculated hematologic response, Ave gave this patient Avhat Ave noAv 
behcA c to be a siiboptiroal dose. Tavo grams of 5-methvl uraefi Avere 'nven orallv 
t.i.d. for a period of fourteen day.s. On the fourth day of treatment the reticSo*- 
eyte eoneentration Avas 4.6 per cent, and a peak retieuloeytosis of 16 ^0 "^ 
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was readied on the eleventh day of treatment. The blood findings in this patient 
arc .shown in Fig. 2. Sternal bone marrow obtained on the fourteenth daj' of 
treatment was normoblastic and without inegaloblast.s. It is thus .seen that a 
daily oral dose of 2 Gm. of fi-nVcthyl uracil t.i.d. will effect a profound, although 
not a raa.xinial, hematologic response when given to a patient with pernicious 
anemia in relapse. Further studies are now being conducted on this patient 
in an effort to determine the minimal dose of .o-mcthyl uracil reriuired for a 
calculated maximal hematologic ro.sponsc. 

Case 5. The 11 emaiolagie Response lo a Large Dose of S-lIethyl Uracil. — This 
patient, received 4 Gm. of .'i-methyl uracil t.i.d. orally for a jicriod of eight days. 
f)n the third day of treatment the reticulocytes were 3.6 jier cent, and a peak 
reticulocytosis of 31.2 per cent occurred on the seventh day of treatment. Sternal 
bone marrow obtained after treatment .showed groat numbers of normoblasts and 
a substantial I’eduction in the, number of megaloblasts which was indicative of 
resimnsc to an adequate tiierapeutic dose. 

Case 6. Response io 6 Gm. of 5-Methyl Uracil Given Daily. — This patient 
had a reticulocyte level of from 3.0 to 4.0 per cent over a period of six days 
during base line observations. Because of the constancy of this reticulocyte 
level, we felt that it was normal in this individual and that we were not dealing 
with a so-called spontaneous remission. Sternal bone marrow preparation 
studies prior to treatment .showed megaloblastic arrest and no evidence of 
regeneration. The patient received 2 Gm. of 5-mcthyl uracil t.i.d. orally for a 
period of twelve days. On the second day of treatment the reticulocytes had 
reached a level of 5.8 per cent, and a peak reticulocytosis of 14.4 per cent 
occurred on the fifth day of treatment. Sternal bone marrow obtained after 
treatment was normoblastic and without megaloblasts. It is probably incorrect 
to state that this patient rc.sponded to treatment as early as the second day. 
However, we believe it is correct to say that this patient responded hemato- 
logically to large doses of 5-methyl uracil. 

DISCUSSIOX 

The scientific investigation of peniicious anemia dates fi’om the time of 
Thomas Addison when, in 1855, he described the anemia which now bears his 
name. A milestone in those investigations was passed in 1926, when jilinot and 
Murphy® effected a hematologic remission in patients with pernicious anemia by 
feeding them large amounts of liver by mouth. Not until the fall of 1945, when 
synthetic folic acid was shown to have antiancmia effects in patients with macro- 
cytic hyperchromic anemia,®’ • were investigators able to use pure .synthetic com- 
pounds in their studies. The studies on folic acid have been extended, and the 
efficacy of this substance in the treatment of pernicious anemia, nutritional 
macrocytic anemia, and the anemia of sprue has been established.®’^® The 
observation that 5-methyl uracil will produce a hematologic remission in patients 
■wuth pernicious anemia in relapse necessitates further studies of tlie functional 
relationship between folic acid and 5-methyl uracil. We realize tliat folic acid 
may act as an enzyme or as a coenzyme in the synthesis of 5-methyl uracil or of 
substances which act similarly. Studies are likewise indicated as to the efficacy 
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of synthelic 5-metliyl uracil in tlie treatment of nutritional macrocytic anemia 
and the anemia of sprue. Tlii.s compound unll probably prove as effective in tbe 
treatment of these two types of macroeytie hypcrehromic anemia as in the treat- 
ment of pernicious anemia in relapse. 

SUMMARY AXD COXCLUSIOX 

Six patients with Addisonian pernicious anemia in relapse were selected for 
study. They were hospitalized and given a diet devoid of meat, meat products, 
fish, poultry, and raw vegetables. After an initial period of base line studies, 
sjTithetic 5-methyl uracil was administered in vamfing doses by mouth to each 
patient. Six patients are reported in whom a hematologic response was pro- 
duced by the daily oral administration of sjTithetic 5-methyl uracil when given 
in doses of 4.5 Gm. or more. Case 1 is of special interest in that the hematologic 
response to large doses of 5-methyl uracil was reduplicated after a period of 
forty-five days in which no therapy was given. Case 2 shows the production of 
calculated maximal hematologic respon.se after the daily oral adniini.stration of 
10.2 Gm. of 5-methyl uracil. 

It is concluded that sj^thetie 5-methyl tu'aeil is a potent antianeraic sub- 
stance when given orally in daily doses of 4.5 6m. or more to patients with 
pernicious anemia in relapse. 


REFEKEXCES 

1. Spies, T. D., Vilter, C. F., Cline, J. K., and Frommeyer, "VY. B.: The Substitution of 

Thymine for Folic Acid in the Treatment of llacrocytie Anemias in Eelapse, South. 
M. J. 39: 269-270, 1946. 

2. Spies, T. D., Frommeyer, YV. B., Tilter, C. F., and English, Ann: The Antianemic 

Properties of Thymine, Blood. In press. 

.1. Spies, T. D., Vilter, C. F., Koch, M. B., and CaldnreU, M. H.: Observations of the 
Antianemic Properties of Synthetic Folic Acid, South. M. J. 38: 707-709 1945. 

4. Minot, G. E., Cohn, E. J., Murphy, W. P., and Lawson, H. A.: Treatment of Pernicious 
Anemia With Liver Extract; Effects Upon the Production of Immature and Mature 
Bed Blood Cells, Am. J. M. Sc. 175: 599-622, 192S. 

.1. iCnot, G. R., and Castle, YY. B.: The Interpretation of Eetieulocvte Reactions Lancet 
2: 319-350, 1935. . ’ ' 

G. Minot, G. E., and Murphy, W. P.: Treatment of Pernicious Anemia bv a Soecial Diet 
J. A. M. A. 87: 470-476, 1926. " ^ ’ 

7. Moore, C. V., Bierbaum, O. S., Welch, A. D., and Wright, L. D.: The Activity of Syn- 
thetic Lactobacmus Casei Factor (“FoUc Acid”) as an Anti-Pemicions Ane^a 
Substance I. Obse^ations on Four Patients: Two With Addisonian Pernicious 
Anemia, One With Xontropical Sprue, and One With Pernicious Anemia of Pren- 
nancy, J. Lab. & Cnix. Med. 30: 1056-10G9, 1945. ^ 

S, Vilter, C F., Spies T. D., and Koch, M. B.: Further Studies on Folic Vcid in the 
Treatment of Macrocytic Anemia, South. M. J. 38: 7S1-7S5 1945. * ° 

9, Spies, T. D., Lopez, G, G., Meuendez, J. A., Minnich, V., and Koch, M. B.- Tlie Effect 

of Folic Acid on Sprue, South. M. J. 39: 30-32, 1946 -C/nect 

10. Darby, W. J., Jones, Edgar, and Johnson. H. C.: The Us’e of Svothet;,. -ii 

Casei Factor in the Treatment of Sprue, Science 103- loS 1946 ^ Lactobacillus 

11. Darby, W. J., Jones, Edgar, and Johnson, H. C • Effect of Whet;. To.i n -ii ^ - - 

Factor in Treatment of Sprue, J. A M 4 130- 7Rn 796 ’Toal I-actobacillus Casei 

12. Doan, C. A., WiLson, H. E., Jr., a^^i Wrighr C ^ • FoU^ A.- f 

Factor), An Essential Panhcmatopoietic Factor •’ExDfrim^Hl 

Ohio State M. J. 42: 139, 194c. ^ actor, Experimental and Clinical Studies, 



EFFECT OF PENICILLIN AND SULFONAiMIDES ON ACET-iDjCIIOLINE 
SYNTHESIS AND ON THE EESPONSE OF ]MUSCLE TO 
ACETYTjCHOTANE and POTASSIUjM® 


Claha Torda, Pri.D., M.D., and IIaroi,d G, Woiat, j\I.D. 

New York. N. Y. 

A EECENTLY presented concept concerning tlic pathogenesis of myas- 
thenia gravis suggests that there is a defect in either the activity or the 
amount of cnzjnne that sjmthesizes acetylcholine.’"® Since patients with myas- 
thenia gravis may in addition suffer from infectious diseases, some of which 
are treated with penicillin and sulfonamides, it becomes pertinent to investi- 
gate the effect of penicillin and sulfonamides on acetylcholine synthesis. 


EXRKRIMENT.Uj 

v 

Effect of the Substances on Accltilclibline Synthesis. — The effect of peni- 
cillin and sulfonamides on the acetylcholine sjTithcsis was studied by a method 
described previously.® ^Mixtures containing varying amounts of these drugs, 
100 mg. of minced fresh frog brain, 3 mg. of physostigminc salicylate, and 3 c.c. 
of Ringer’s solution, Avere shaken and incubated aerobically for four hours at 
37° C. After incubation the amounts of acetylcholine synthesized were as- 
sayed biologically on the sensitized rectus abdominis muscle of the frog. 

Calculation: The amount of acetylcholine synthesized Avas calculated by sub- 
tracting from the acetylcholine content of' the incubated mixtures the acetjd- 
choline content of identical nonincubated mixtures. The amount of acetj'lcholine 
synthesized in the control mixtures containing only brain, physostigminc, and 
Ringer’s solution A\ms taken as 100 per cent. The acetylcholine content of the 
mixtures containing penicillin and sulfonamides Avas expressed as a per cent 
of the control. 

The results are given in Table I. The sulfonaihides studied did not modify 
the acetylcholine sjTithesis. Penicillin, hoAA’cver, even in relatively low concen- 
trations, decreased the acetylcholine synthesis.'' 

Effect of the Substances on the Response of Striated Muscle to Acetyl- 
choline. — ^Acetylcholine participates in the humoral transmission of the effects 
of stimulation of the motor ners^e to the striated muscle. There are many sub- 
stances Itnown to increase the response of the muscle to acetjdcholine, and many 
of them act by inhibiting the hydrolysis of acetsdcholine by decreasing the 
activity of cholinesterase. 

In the folloAving experiments the effect of penicillin and sulfonamides on 
the response of the muscle to acetylcholine Avas investigated, following a method 
described preAdously.® The rectus abdominis muscle of the frog was excised 

• From the New York Hospital and the Departments of Medicine (Neurology) and Psy- 
chiatry, Cornell University Medical College. 
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Table I. Effect of SnuoNAitmES akd Pejticillik ojt Acetylcholixe Synthesis 


SEBSTAXCE IaMOUXT OF AGETYLCHOUNE STHTHESIZED IX PER CENT OF COXTROL* 



Amount of Sulfonamides (mg.) Added to 100 mg. Frog Brain 


3 

1 

0.3 

i 

0.03 

1 

0.003 

Snlfanilamide 

113 


117 


114 


107 

Sulfapyridine 

109 


106 


104 


105 

Sulfathiazole 

100 


106 


107 


104 

Sulfadiazine 

99 


100 


96 


97 


Amount of Penicillin (Oxford Units) Added to 100 mg. Frog Brain 


30,000 1 

[ 15,000 

1 3,000 1 

0 

0 

1 300 1 150 

[ 30 

1 15 1 3 

Penicillin 

6 

1.5 

35 

50 

68 90 

92 

94 99 


•Each value represents the average of ten separate experiments. The standard error of 
the mean for each value tvas less than ±5 per cent. 


and suspended in a muscle eliamber containing 10 c.e. of Ringer’s solution. 
Shortening of the muscle was induced by immersion in a Ringer’s solution 
containing 50 fig acetylcholine bromide per 100 c.e. for two minutes. The 
shortening of the muscle was registered by an isotonic lever on a kymograph. 
The muscle was then washed with Ringer’s solution for ten minutes and short- 
ened again vdth the acetylcholine solution. This procedure was repeated until 
three successive immersions in the acetylcholine solution gave similar responses. 
Then between two shortenings induced by the acetylcholine solution, instead of' 
washing in Ringer’s solution for ten minutes, the muscle was washed for only 
five minutes and immersed in a series of Ringer’s solutions containing either 
penicillin or one of the sulfonamides, in increasing concentrations, for five 
minutes. The muscle shortening after immersion in the solutions of the drugs 
was expressed as percentage of the shortening of the same muscle before im- 
mersion in the solutions of the drugs. The shortening induced by acetylcholine 
in control muscles immersed only in Ringer’s solution remained unchanged for 
at least three hours. This period of time was longer than the duration of the 
experiments described. Since the standard error of the mean for each experi- 
ment was less than ±4 per cent, aR results deviating from 100 per cent by more 
than 12 per cent are probably significant deviations : 


(2VS.E.2 (coatrol) + S.E .2 (experiments) = 2V42 + 42 = n g) 

The results are given in Table U. Penicillin, in the concentrations used 
did not modify the response of the muscle to acetylcholine; sulfonamides in’ 
relatively high concentrations, slightly increased the response of the muscle to 
acetylcholine. 

Effect of P^iicmin and Sulfonamides on the Response of Striated MuscU 
to Potassium.~To ascertain whether the drugs used modify the response of the 
striated muscle to chemical stimuli other than acetylcholine the of the 

drugs on the response of the muscle to potassium -n-as also investigated Potas- 
sium was chosen to induce shortening- of the -mvicni,, • x-l YOtas- 

us..a„, parallels Iha clf.ct of 

insloaa a„ aca.,..a..o.lpe -^.r&ToTprani S 
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Tabi.e II. Effect of Sulfonaiiides and Pekicieein on Conteaction of Rectus Abdojiinis 
Muscee Induced by Acf-tyecjiomne and Potassium 


SUBSTANCE 


ilAONlTUDE OF CONTRACTION IN FEB CENT OF CONTIlOE;* CONTBACTION 
INDUCED WITH 


ACETYLCHOLINE | rOTABSIUAf 


Concentration (Mg.) of the Sitlfonamitlcs Per 100 c.o. Jlinficr's Solution 


100 1 10 1 

1 

1 0.1 10.01 10.001 

1 100 1 10 1 

1 

1 0.1 1 0.01 1 0.001 


Siilfanilainide 

113 

102 

100 

00 

100 

101 , 

03 

80 

108 

101 

100 

100 

Sulfapyridine 

123 

102 

102 

00 

08 

101 

CG 

79 

102 

102 

100 

99 

Sulfatliiazolc 

130 

111 

100 

103 

101 

102 

50 

70 

93 

100 

102 

100 

Sulfadiazine 

110 

inn 

OS 

07 

90 

100 

00 

78 

100 

99 

99 

100 


Concentration (Oxford Units) of Penicillin in 100 c.c. Pinpr.r’s 'Solution 



O 

o 

cT 

o 

ooo'oo 

o 

o 

cT 

o 

o 

o 

o 

o 

o 

o 

C* 

c 

00,000 

ooo'o 

o 

o 

cT 

o 

o 

o 

o 

o 

o 

o 


ct 


Cl 




Cl 


Cl 


Cl 


r-i 

Penicillin 

00 

04 

05 

OS 

98 

HI 

230 

195 

145 

138 

HI 

115 

HI 


•Each value rcpro.';cnts the averaBO of ten separate experiments. The standard error of 
the mean for each value was less than it per cent. 


was ascertained by iinincrsion of the muscle in a senes of .solutions containing 
the drugs in increasing concentrations, for five minutes, before immersion’ in the 
KCl solution, for two minutes. 

The results arc given in Table IT. Penicillin, in higher concentrations, in- 
creased the potassium sensitivity of the muscle, and the .sulfonnmide.s, in higher 
concentrations, decreased the rcspon.se of the muscle to pota.ssium, 

DISCUSSION 

i 

Penicillin decreased the amount of acetylcholine synthc.sized probably be- 
cause it reduces the activity of the -SH group,® an active group contained in 
the enzyme involved in the synthesis of acetylcholine.” 

Since penicillin did not modify the rc.sponse of the muscle to acetylcholine, 
it is probable that penicillin, in the concentrations used, does not inhibit 
cholinesterase. The effect of penicillin in increasing the potassium sensitivity 
of the muscle suggests that penicillin may sensitize the muscle to direct stimu- 
lation. 

The sulfonamides, in the concentrations used, did not modify the amount 
of acetylcholine synthesized. In relatively high concentrations, sulfonamides 
increased the response of the muscle to acetylcholine, suggesting that they 
may inhibit cholinesterase in high concentrations. Sulfonamides apparently 
do not increase the sensitivity of the muscle to direct stimulation. 

SUMMARY 

1. The effect of penicillin and sulfonamides on acetylcholine synthesis and 
on the response of the striated muscle to chemical stimuli were investigated. 

2. Penicillin, in relatively low concentrations, decreased the acetjdcholine 
synthesis. The sulfonamides did not modify the sjmthesis of acetylcholine. 

3. In the concentrations used, penicillin did not increase the acetylcholine 
sensitivity of the muscle. Sulfonamides, in higher concentrations, slightly in- 
creased the acetylcholine sensitivity of the striated muscle. 










PENICILLIN AND SULFONAMIDES 


653 


4. Penicillin increased the potassium sensitivity of the muscle suggesting 
that it may render effector cells hypersensitive to direct stimidation. Sulfon- 
amides, in higher concentrations, decreased ■ the potassium sensitivity of the 
striated muscle. 

The authors uish to express their gratitude to E. E. Squibb & Sons, New Brunswick, 
N. J., for tlie generous supply of penicillin. 
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THE antishock ACTION OP ETHANOL IN BURNED MICE 

Effect ox Edema Formatiox axd Capillary Atony 

H. C. Bergjian, Pii.D., and ]\Iyrox Prinzmetal, M.D. 

Los Angeles, Caltp. 

I N PRE^HOUS reports from this laboratory, it was sliown that tlie adminis- 
tration of 15-nnit liver extract increased survival time and diminished 
mortality in rats and mice subjected to a standardized shock-producing scald- 
ing procedure^’ - The extract was found to be effective if administered prior 
to scalding, an observation which has been confirmed by Haterius and Glassco,"’ 
but not if given after the burn. 

During the testing of various fractions derived from 15-unit liver extract, 
it was observed that one particular fraction, an ethanol extract, was especially 
active in counteracting shock.*’ In an ctTort to ])urify this fraction, which 
contained 25 Gm. of ethanol per 300 c.c., it was found that the distillate car- 
ried all the antishock activity, whereas none was exhibited by tlie residue. 
MRien, however, ethanol-frcc 35-unit liver extract was distilled, the residue 
retained all the activity and the distillate was inactive. In this manner it was 
sho^vn that the ethanol containing distillate of the special fraction had anti- 
shock activity similar to that of ethanol-free liver extract. This led to a study 
of whether ethanol itself had a pi-evcntive clTcct upon the development of 
burn shock. 

In recent experiments in this laboratoiy,'* it was found that two separate 
factors were operative in the causation of scald shock, in each instance by 
reducing the circulating blood volume; the one, local fluid loss, considered by 
many to play a major role in the initiation of burn sliock^ and the other, 
capillary atony, leading to stagnation of blood in the visceral organs.* In 
scalded animals, it was found that the amount of blood retained in the Ausceral 
capillaries was significantly greater than in controls. By experiment it was 
ascertained that the most satisfactoiy method of demonstrating blood reten- 
tion was to make comparative counts of open capillaries and estimations of 
the hemoglobin content of the viscera, but only after exsanguinating the com- 
pletely anesthetized animals. In shock, removal from the active circulation 
of large amounts of blood trapped in atonic A’cssels in the capillary bed con- 
tributes to the observed reduction in the circulatory volume. The capillary 
atony is believed to be caused by a toxic factor which was demonstrated in 
the blood of scalded animals by transfusion'* and renal ijerfusion" exi^eriments. 
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sity of Southern California Medical School. 
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The relative importance of local fluid loss and the capillary toxic factor in 
reducing the circulatoi’j* volume and initiating shock varied vith the character 
of the bum and the time interval after thermal trauma. 

The purpose of this communication is (1) to bring forward evidence that 
ethanol, like 15-unit liver extract, increases survival time and diminishes mor- 
tality in rhice subjected to scald shock and (2) to report studies on the mech- 
anism whereby ethanol retards the development of shock. 


JIETHOD3 


All experiments were performed on Swiss mice weighing from 16 to 26 
gi-ams. For any particular experiment, the mice obtained from a single source 
were of a uniform size. The method of scalding and the details of evaluating 
results have been reported in a previous communication.* Ethanol in various 
concentrations was injected intraperitoneally in 0,2 c.c. of physiologic salt 
solution, an amount which has no measurable antishoek activity.-' The bleed- 
ing volume was ascertained by cutting out the heart of the anesthetized animal 
and mopping up the blood from the thoracic cavity with a weighed cotton 
pledget. The amount of fluid loss into scalded limbs was determined by a 
modification of Blalock's bisection technique.® All the animals used in these 
experiments were completely anesthetized with ether immediately prior to 
scalding. The method of estimating hemoglobin retention in the tissues is 
given under the appropriate experiment. 

Effect of Ethanol on Survival Time and Mortalitij in Burn Shock . — ^Twelve 
groups of at least twenty mice each were injected intraperitoneally with 25 
per cent ethanol (0.2 c.c. per mouse) from thirty to forty minutes before 
scalding to the bead at 65° C. for ten seconds. The responses to the thermal 
injury were compared with those in twelve parallel groups injected with 
0.2 c.c. of isotonic salt solution. As shown in Table I, E.xperiment C, ethanol 
significantly prolonged sur’\*ival time and lessened mortality in scalded mice. 

The effect of concentration of ethanol was investigated in the same man- 
ner. It was found that 0.2 e.c. of 15 per cent ethanol produced a significant 
increase in survival time and a decrease in mortality, but the effect was not 
quite as great as that obtained with a 25 per cent solution. The injection of 
0.2 c.c. of 5 per cent ethanol was without measurable activity. The results 
. are presented in Table I, Experiments C, D, and E. 


These e-xperiments show that ethanol administered prior to sealdino- dis- 
plays antishock activity similar to that noted in previous studies with ethanol* 
free 15-unit liver extract.^- = That the observed effects on sun-ival time and 
mortality rate are not due to an intraperitoneal injection itself is proved by 
the negative results obtained in control experiments with 0 2 e c of isotonic 
salt solution injected intraperitoneally and with a varietv of other substances 
tested in previon.s studies.^ To ascertain the effect of ‘a peritoneal irritant 
nucture of ca harules was injected intraperitoneaUy into mice prior to scald- 
ing. The results oi this experiment were negative 

ma of- Time of lojcclm, o„ A„m,od Acth-it,j of Bthoml.-ln Table I 
dnla .arc prcsomecl on the protective activity oi 0.2 c.c. of 25 PC- cent cthanoi 
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Table I. Eeeect of Ethanol on Rhiivival Time and AIoiitai-itv in ]Ji;kn Shock 


KX- 

PERI" 

MENT 

PER CENT 
ETHANOL 
(Oit. PER 
100 GM.) 

TI Jti: or IN- 
JECTION IN 

iieeation 

TO IlUHN 

NU*M- 

BEU 

OF 

TRTAIiS 

TOTA7. 
NUM- 
BER or 
MICE 

PER CENT 
INCREASE IN 

AnrRAGn 

sunvmE 

TIME OVER 
CONTROliS 

Pt 

VAI.UE 

INCREASE IN 

VKii cent or 

.SURVIVORS 

ovj:n 

CONTROEK 

Pt 

VALUE 

MEAN 

R.E.’ 



A 

25 

18 hr. before 

5 

245 

47 

oo 

> 0.1 

12 


< 0.05 

B 

25 

5 hr. before 

1 

.38 

182 



25 



C 

25 

KilfmnilliSRtRSi 

12 

.515 

ICl 

38 

< 0.001 

55 

G 

< 0.001 

D 

15 

KiilRnfllHtiiiffll 

5 

207 

1.39 

25 

< 0.01 

■im 

5 

< 0.01 

E 

5 

kiiRRiKMffiH 

5 

207 

20 

21 

> 0.8 

mfl 

2 

> 0.2 

F 

25 

5 min. before 

4 

198 

155 

25 

< 0.02 


11 

< 0.01 

G 

25 

1 min. before 

O 

95 

4G 



hri 



H 

25 

1 min. after 

o 

93 

-52 



BRfl 



1 

25 

5 min. after 

3 

1.37 

-25 



-1 



J 

25 


5 

<> j o 

^ o 

23 

> 0.9 

-4 

.3 

> 0.9 



after 









K 

No 

injection 

17 

772 

15 

C 


_0 

O 



•Standard error of the mean ( = 


Standard deviation 


). 


V n 

tln'eiml! case comparison Is made tvlfli Experiment K. P value sva-t estimated hy the 
method of Pisher'* from tlie t value 


ft — PITorcnco of tlio means 

~ Standard deviation of the / — — ' ) 1 

differences of the treated » 
and IDxperlmcnt K frroups 

ni. hs = number of trials in the Rroupa compared. P value of less than 0.03 indicates a 
signtfleant difference In response to treatment. 


injected at varions time intervals prior to scalding. As shown in the table 
(Experiment A), ethanol injected eighteen hours before the bnrn resnlled in 
an average increase in survival time of 47 per cent and an average decrease 
in mortality of 12 per cent. "When compared with controls, the average in- 
crease in .survival time was not within the range of significant activity, al- 
though an apparently significant number of mice survived longer than the 
control mice. On the other hand, ethanol administered between five and thirty 
minutes before the animals were scalded significantly increased survival time 
and reduced mortality (Experiments C and F). In a single experiment em- 
ploying thirty-eight mice, a positive result was obtained with ethanol injected 
five hours before scalding (Experiment B). No activity was noted when 
ethanol was injected one minute before scalding, probably because there was 
insufficient time for absorption (Experiment G). Negative results were ob- 
tained with ethanol administered from one to sixty minutes after the burn 
(Experiments H, I, and J). 

Effect of Ethanol on Bleeding Volume in Shoch. — ^An appreciable reduction 
of the bleeding volume has been demonstrated in burn shoek.’“’ Since 
ethanol has prophylactic activity in shock, its influence on the bleeding volume 
after burns Avas investigated. As seen in Fig. 1, ethanol did not signiflcantly 
influence the bleeding volume in unburned mice. Scalded mice given a control 
injection of 0.2 c.c. of isotonic salt solution showed a marked reduction of the 
bleeding Amlume. This reduction was prevented to a significant extent when 
ethanol Avas injected thirty minutes prior to scalding. The bleeding volume 
Avas unchanged Avhen ethanol Avas given after the burn. 
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antisuock action- or cthaxol in burned jiice 

V,.„m 11, CSC cxnorlmcts. it is concluded that the prophylactic eScct o£ 
clhanol is related to its ability to preveut the reduction of bleed.ng volume 

ivliioTi occurs in mice shocked by scalding. j t- 

Meet of Ethanol on Local Fluid Loss.-As pre^'iously stated the reduction 

ill the\f£ective circulatory volume in bum shock is believed to be due to two 
factors local fluid loss at the site of the trauma and capillary atony. The 



F,g 1 Effect of ethanol on hleedlnp volume in bum shock. Alice tvere scalded to the 

head at 65” C. for ten seconds. One group of burned animals was inlected -n-lth 25 per cent 
ethanol thirty minutes before and a second group fl%-e minutes after, scalding. Unbumed. con- 
trol animals received isotonic salt solution and ethanol, respectively, and burned, controi 
animals received only saline. .Ail solutions were injected Intraperitoneally in amounts of 0.2 
c.c. Bleeding volumes in the unbumed mice nere taken from one to two hours after injection 
of the test solution and in the burned animals at a similar time inteiral after thermal in- 
jury-. Each dot represents the response of a single mouse. The large circles represent the 
mean response : the diameter of each large circle equals three times the standard error of the 
mean. 


antishock properties of ethanol would be expected to result from its ability 
to diminish local edema formation or capLllarj' atony or both. The follov.-ing 
experiment was performed to determine the effect of ethanol on local fluid 
loss (edema formation). 

Fluid loss in tlie scalded parts was studied by a modification of Blalock’s 
bisection method.* One hindlimb of each of seventy-two anesthetized mice 
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■was scalded at 65° C. for ten seconds. Approximately three hours after .scald- 
ing, each animal ivas again anesthetized -with ether, the bleeding volume deter- 
mined, and the amount of fluid loss into the tissues ascertained by bisecting 
the animal, severing the hindquarters on each side, and comparing the weights 
of the two hindquarters. In observations on twelve unburned mice (Fig. 2), 
the average difference in weight of the hindquarters in terms of percentage 
of body w’cight was 0.39 ± 0.07* per cent, showing that the accuracy of the 
bisecting technique for mice equaled that for rats.® 

Estimation of the amount of edema foi-mation "was made in two sets of 
animals, the one receiving 0.2 c.c. of 25 per cent ethanol intraperitoneally prior 
to scalding and the other receiving 0.2 c.c. of "salt solution only. TJic rc.sulfs 
as shoivn in Fig. 2 "ivcrc as follows: in forty-eight control burned mice, the 
average fluid shift to the scalded side was 5.02 i 0.15* per cent; in twenty-four 
burned mice treated "with ethanol, this value was 3.73 ± 0.19* per cent. The 

difference is statistically significant. ' 

\ 



I I I 1 I I I L 
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LOCAL FLUID LOSS AS PER CENT OF BODY WEIGHT 

Fig. 2 — Effect ol ethanol on local flulfl loss. Mice were Injected Intraperitoneally with 
0.2 C.C. of Isotonic salt solution and 26 per cent ethanol, respectively, prior to burning a single 
hlndllmb at 66“ C. for ten seconds, EsOmatlon of the amount of local fluid loss was made 
from two to four hours after the burn. Each dot represents the response of a single mouse. 
The large circles represent the mean response ; the diameter of each large circle equals tlireo 
times the standard error of the mean. ' 

As shown in Pig. 2, the effect of preliminary treatment with ethanol was 
to reduce significantly the amount of edema in the scalded parts. Prom pre- 
tdous experience in this laboratory, when one hindlimb .was scalded at 65° C. 
for ten seconds, death did not result within forty-eight hours in a single in- 
stance, in spite of the fact that the local fluid loss often amounted to as much 
as 5 per cent of the body weight. 

Prophylactic Effect of Ethanol on Capillary Atony . — As described in pre- 
vious publication, shock and death can be produced with little or no local fluid 


•standard error of the mean. 
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loss following a severe burn at 100° C.-*’ ® In this type of thermal trauma, it 
was demonstrated that the reduction in the circulatory blood volume was- 
largely due to visceral capillary congestion which resulted from the operation 
of a toxic factor in the blood." The degree of capillary atony was ascertained 
bv m^easuring the amount of blood retained in an organ, that is, liver, after 
exsanguination of the animal. Capillary atonj' also contributes to the pro- 
duction of shock in burns which are accompanied by considerable fluid loss. 
In mice scalded to the head at 65° C. for ten seconds, the amount of hemoglobin 
retained in the liver was appreciably greater than in normal controls." 

In order to ascertain the effect of ethanol upon capillaiy- atony, the fol- 
loudng experiments were performed. Three groups of mice, each eonsi.sting 
of fifty-seven animals, were used ; the.se groups were divided into .six duplicate 
sets of nine or ten mice each. The finst group consisted of animals which 
received an intraperitoneal injection of 0.2 c.c. of 25 per cent ethanol thirty 
mihutes prior to scalding to the head at 65° C. for ten seconds. The second 
group was scalded in a similar manner but received 0.2 c.c. isotonic salt solu- 
tion instead of ethanol. The third group consisted of normal, unburned mice 
which served as controls to correct for the varjnng degrees of hemoconcentra- 
tion noted after this type of burn. Bleeding volumes were determined by 
exsanguination; samples of blood were taken, and the livers were removed 
for estimation of hemoglobin. In the first two groups, this was done from 
three to four hours after the burn. The amount of hemoglobin retention in the 
exsanguinated livers was used as an index of the degi’ee of capillary atony. 


Method of DeteTtnining Semogtohin in Liver: After testing published methods and 
experimenting with modifications, the following procedure was found to be the most satis- 
factory and expedient for making comparative measurements of the amount of hemoglobin 
retained in the tissue under investigation. Hemoglobin retained by the liver was extracted 
with a buffered salt solution and measured photometrically after conversion to cyanmethemo- 
globin.'i The liver was finely minced with scissors and covered with a volume of bufifered 
salt solution equal to ten times the weight of the tissue. This bnffered salt solution was 
prepared by dissolving 300 Gm. of sodium chloride, 7.62 Gm, of sodinm tetraborate (borax), 
G.18 Gm. of boric acid, and 0.50 Gm. of saponin in distilled water, by diluting to 1 L,, and 
by filtering. The pH of this solution varied between 7.05 and 7.15. Extraction with occa- 
sional shaking was continued for eighteen hours or more. The mixture was then filtered 
through Whatman filter paper Xo. 2. This procedure gave brilliant filtrates, so that there 
was no need for turbidity corrections. To the filtrate was added one drop of 20 per cent 
potassium fcrric.vanide to convert the hemoglobin into methemoglobin; the latter was con- 
verted to cyanmethemoglobin by the addition of one drop of a freshly prepared mixture 
of equal parts of 10 per cent sodium cyanide and 12 per cent acetic a'eid. The cyanmet- 
hcmoglohin color was estimated with the Klett-Summerson photoelectric colorimeter urine 
Filter 54. > - h 


A few facts concerning the practical application of this and other method^ are perti- 
nent. Lrver m.ncod with scissors and leached W eighteen hours by the method described 
does not yield all of its color at the end of this period, since leaching of the residue left 
by filtration for an additional eighteen hours welds an added 10 per cent of cyanmethem^ 
glob.n color. Nevertheless, le.nching for an eightecn-hour period docs provide satisfacto^ 

- 
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estimations of licmoglobin in blood and in tissue other than liver. The use of the "Waring 
blonder for miiicinR the liver was found to bo unsatisfactory; low lecovcry values for 
hemoglobin were obtained, becanse most of the pigment was absorbed by the colloidal mass, 
hlethods designed to recover hemoglobin as iron by wet ashing the tissue were tedious and 
difiicult to evaluate due to the presence of variable aniounts of nonhemoglobin iron. 

As shown in Table IT, 91 per cenl more lienioglohin was retained iA the 
liver of the .saline-treated .scalded mice than in the iniburncd controls and. only 
40 per cent more in the cthanol-trcalcd animals. Statistical analysis show's 
that the difference between tlicse figures is significant. Tims, the administra- 
tion of ethanol significantly reduced the amount of hemoglobin usually re- 
tained in the liver after scalding. 


TABim IT. PnoriiYnACTic Efff.ct of Etiianoi, on IlEMooi.omN Bctention in Burn Shock 


kxperimkkt 

NUMREP. or LIVERS 

COJfPARED IN 

EACH OROUP 

HEMOfil.OIllN RETENTION AS PEP. CENT OF A'ALUE 

IN UNRUUNEI). E.A'SANOUIN.ATED GROUP 

IrrllANOL (liURNED) 

-saline (hurned) 

1 

10 

137 1 

218 

o ' 

0 

' no 

204 

3 

10 

140 

210 

4 

0 

140 

143 

5 

0 

120 

141 

c 

10 

174 i 

210 

Mean ± S-E.* 


.140 + S 

191 ±1.0 

Pa-rIuc* I 

\ 

< O.Oo 


•Symbols and method oC c-olculntlon .same as Table I. 


These observations confirm previous ones, that scalding leads to visceral 
congestion (increase in hemoglobin retention) in the liver, and lead to the 
conclusion that ethanol administered in the manner described oives its anti- 
shock action in part to a reduction in A’isceral capillary atony. 

DISCUSSION . 

. By employing a standard procedure for producing burn shock in mice, 
which consists of scalding the anesthetized animals to the head at 65° C. for 
ten seconds, it was shown that the inti-aperitoneal injection of ethanol prior 
to scalding increased the average survival time and diminished tlte average 
mortality rate. The results Avith ethanol parallel those previously obtained 
with ethanol-free 15-imit liver extract. Ethanol, like liver extract, liad no 
ailtishoek actiAut}' Avhen administered after the thermal injury. 

In experiments reported in this and in previous communications, it Avas 
shoAvn that Avhen mice Avere scalded in the manner described the bleeding a'oI- 
ume in the shocked animals Avas significantly reduced. A decreased bleeding 
volume has been accepted as an index of reduced circulating blood volume, 
and it is generally agreed that the reduction in the circulatory volume is 
largely responsible for the chain of events Avhich leads to shock in burns. 
It Avas shoAvn that- ethanol, Avhen injected in suitable concentration prior to 
scalding, curtailed the usual reduction of bleeding volume, and this fact ex- 
plains the increase in survival time and diminution in mortality. On the other 
hand, the reduction in bleeding A'olume in scalded mice A\ms not influenced 
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when ethanol was given after the burn, a fact which explains the failure of 
ethanol to protect the animals when this substance was administered after 
tlie trauma. 

Two factors have been found to he responsible for the reduced circulating 
volume in burn shock ; the one, fluid loss at the site of trauma and the other, 
capillary atony, due to a toxic agent.'* The influence of ethanol on both of 
these factors was investigated. By comparing the amount of local fluid loss 
in burned mice given ethanol with that in control, burned animals, it was 
shown that ethanol curtailed the amount of fluid lost in a burned limb when 
this substance was injected prior to scalding but not when administered after 
the injury. 

The mechanism ivhereby ethanol inhibits local fluid loss or edema forma- 
tion requires further investigation. In a companion paper, data are presented 
which show that barbiturates, as well as other substances, have antishoek prop- 
erties paralleling those of ethanol and that the prophylactic effects are due 
in part to the curtailment of edema formation. A discussion of the factors 
which may be responsible for the observed inhibitory effects upon local fluid 
loss will he found in that paper.^^ 

There remains for discussion, in considering the mechanism of the anti- 
shock action of ethanol, the effect of this substance upon the operation of a 
toxic factor. In previous experiments performed in this laboratory,* it- was 
shown that the pooling of large amounts of blood in atonic visceral capillaries 
contributes to the fall in the circulatory volume and that this congestion is 
due to a circulating toxic factor. 

The degree of visceral congestion was estimated by comparing the amount 
of blood retained in the liver of burned, exsanguinated mice with that in un- 
burned controls. In scalded mice there was a notable retention of blood in the 
hepatic capillaries. Experiments showed that the prophylactic administration 
of ethanol resulted in a significant reduction of the amoimt of blood retained 
in the liver of scalded animals but did not influence the amount of blood re- 
tained in the liver of unburned controls. The manner in which ethanol counter- 
acts capillary atony is not known. It is possible that this substance neutralizes 
the hypothetic humoral toxic factor which causes capillary atonv. or it mav 
decrease the responsiveness of the capillaries to this factor. 


SUMMARY AND CONCLUSIONS 

Intraperitoneal injection of ethanol increases survival time and diminishes 
mortality in mice subjected to a standardized thermal injury This has 
a prophylactic effect when administered before the burn bm is without -anti- 
shock action when given after the trauma. 

In burn shock, Iho on ciilatmg blood volume as reprcseiited bj- the bleed- 

,np VO umc .s s,s...r.ea„tlv «ducod, and the prophylactic admWslration of 
ethanol curtails the expected reduction ■ptLnr.rvi iiiSLiciuoii oi 

.liminishing local fluid loss (edema formation) and a 

eoiige.stion due to capillary atony. ^ ^ ^’’sceral 
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THE ANTISHOCK ACTION OP CERTAIN DRUGS 
IN BURNED mCE 

H. C. Bergman,- Ph.D., and Myron Prinzjietae, M.D. 

Los Angeles, Calif. 

I N A companion paper,' we reported that ethanol increased survival time and 
diminished mortality in mice subjected to a standardized shock-producing 
scalding procedure. In order to be effective as an antishock agent, it was 
necessary to administer ethanol before the bum, for it had no therapeutic or 
prophylactic action when given after the trauma. 

In previous studies, it was shown that two major factors contributed to 
the initiation of scald shock ; tlie one, fluid loss at the site of thermal injury 
and the other, visceral congestion due to capillary atony.- Each of these 
factors in suitable degree, separately or in combination, leads to a reduction 
in the circulating blood volume. 

In order to investigate the mechanism whereby ethanol exerts its anti- 
shock action, studies were made to ascertain the effect in burned animals of 
prophylactic administration of this agent upon the circulatory volume, the 
amount of local fluid loss, and the degree of visceral congestion. Prom these 
experiments, it was concluded that ethanol counteracts shock by curtailing 
local fluid loss and by reducing visceral congestion. 

In a previous report, it was shown that ethanol-frefe 15-unit liver extract 
displays the same kind of antishock action as was subsequently demonstrated 
for ethanol.^ The purpose of the present communication is to Report investi- 
gations upon compounds related either chemically or pharmacologically to 
ethanol. In these studies, similar antishock activity was demonstrated for 
sodium pentobarbital, morphine, histamine, acetone, glycerol, and propylene 
glycol; These substances were selected for the following reasons: glycerol 
and propylene glycol because they are alcohols ; acetone because of the simi- 
larity of its pharmacologic action to that of ethanol; sodium pentobarbital 
and morphine because of their narcotic properties ; and histamine because of 
its vasodilator activity. • The mechanism of their action was investigated by 
the methods described in the companion paper on ethanol.' 


experiments .\Nt> RESULTS 


Effect of Pariows Drugs on Survival Time and Mortality in Scald Shock.— 
Glycerol and Propylene Glycol: In six trials, in which glycerol (25 per 
cent) was injected intraperitoneally into mice thirty minutes prior to scaldhig 
to the head at 65° C. for ten seconds, there was a significant increase in sur- 
vival t ime and m the number of survivors during the forty-eight hour period 
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of observation (Table I, Experiment A). Similar results were obtained with 
propylene glycol (25 per cent), as shown in Table I, Experiment B. 

Acetone; In five trials, with a 25 per cePt solution, it was found that 
acetone wms as effective as ethanol in diminishing mortality and increasing 
survival time (Table I, Experiment C). 

Sodium Pentobarbital: In seven trials, with the prophylactic injection of 
1 mg. in 0.2 c.c. of physiologic salt solution, there was a significant increase in 
survival time and in the number of survivors (Table I, Experiment D) . Sodium 
pentobarbital in the dosage used exhibited a greater narcotic effect than 0.2 c.c. 
of a 25 per cent solution of ethanol. 

Morphine: Morphine sulfate (0.5 mg. in 0-2 c.c. of physiologic salt solu- 
tion) was injected intraperitoneally from thirty to forty minutes prior to scald- 
ing. In seven trials, the results showed a significant reduction ‘in mortality 
and an increase in survival time (Table I, Experiment E). The dose of mor- 
phine administered \vas sufficient to maintain the curved-tail response* for the 
period prior to scalding. 

Histamine: Seven trials w'ere performed in which histamine diphosphate 
(0.1 mg. as histamine base in 0.2 c.e. of physiologic saline) was injected intra- 
peritoneally into each mouse from five to eight minutes prior to scalding. This 
short interval was chosen because the vasodilator action of histamine is com- 
paratively brief. The results shoived that histamine increased survival time 
and decreased mortality to a significant degree (Table I, Experiment P), 

Effect of Various Drugs on Local Fluid Loss and Bleeding Volume in Scald 
Shock , — A major factor which contributes to the reduction in the circulatory 
blood volume in bum shock is fluid loss or edema at the site of the trauma. 
Ethanol administered prior to scalding was found to curtail the usual reduction 
in the circulating volume and to diminish the amount of local edema formation.^ 
Effect on Local Fluid Loss and Bleeding Volume of Drugs Administered 


Before Burning: In order to investigate the effect of morphine, sodium pento- 
barbital, and histamine upon local fluid loss and the circulatory volnine in bum 
shock, the following experiments were performed. One hind limb of each of 120 


anesthetized mice was scalded at 65° C. for ten seconds. Approximatelr three 
hours after scalding, each animal again was anesthetized with ether, the bleed- 
ing volume determined, and the amount of fluid loss into the tissue ascertained 
by the method preriously described.=^ Estimation of the amount of focal edema 
formation was made on four groups of burned animals, ali of which had been 
given a test substance intraperitoneally thirty minutes prior to scaldino-. The 
first group was given morphine sulfate; the second, sodium pentobarbital- the 
third, histamine; and the fourth, a control injection of physiologic salt solution 
As shown in Table II, the effect of prophylactic treatment with morphine’ 
sodium pentobarbital, and histamine was to reduce significantly the amount of 
edema formation in the burned limb. The expected diminution of the bleeding 
volume was prevented to a sipificant e.vfeat. It should be noted, however 
that m this experiment m which only one limb was burned the reduction in 
bleeding volume induced by the thermal trauma was much less than in animals 
scalded to the hend.^ 
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Effect on Local Fhiid Loss of Drugs Adminislcrcd Immediately After Burn- 
ing: Tlie same dings were used as in the previous experiment (Table II, Experi- 
ment A), but they were given from five to eight minutes after scalding a single 
hind limb at 65° C. for ten seconds. The mice were bisected approximately 
four hours after trauma. As shown in Table III, each of these compounds 
failed to inhibit local edema formation. 

Effect of Drugs on Absorption of Edema Fluid: As shovn in the two pre- 
vious experiments (Table II, Experiments A. and B), sodium pentobarbital and 
morphine sulfate curtailed local edema formation when they were administered 
before, but not after, the burn. The following experiment was performed to 


TEST I ■ TEST 2 



Fiff. 1. — Effect of various drugs on hemoelobin retained in the liver. Morpliine sulfate 
(0.5 nig. in 0.2 c.c. saline), lilstainine dipliosplintc (0.1 mg. base in 0.2 c.c. saline), sodium 
pentobarbital (1 mg. In 0.2 c.c. saline), and 0.2 c.c. saline (control), respectively, were in- 
jected intraperitoneally into mice (six mice per group). Thirtv minutes after injection, both 
hind limbs of each mouse were scaided at 100" C. for twenty seconds, and the animals were 
exsanguinated three Iiours later. The amount of Iiemofrlobin retained in tlie liver of each 
group of burned mice was compared with that in a parallel group of unburned animals. 

ascertain whether or not either of these drugs would infiuence the absorption 
of fluid once edema had developed in the traumatized limb. One hind limb of 
three groups of fifteen mice each was burned at 65° C. for ten seconds. After 
sixteen hours, mice in tivo of the groups received an intraperitoneal injection 
of sodium pentobarbital and morphine sulfate, respectively, and those in the 
third group physiologic salt solution only. The dosage of each of the drugs 
was the same as in the previous experiments. Erom three to five hours after 
injection, the animals were sacrificed, and the amount of edema was deter- 
mined by the bisection technique. As shown in Table IV, neither sodium 
pentobarbital nor morphine sulfate had any effect on the resorption of edema 
fluid. 

Effect of Drugs on Capillary Atony . — In addition to local fluid loss, a second 
factor, that of capillary atonj"^, is believed to contribute to the initiation of 
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burn sbock.^ This factor operates by causing stagnation of. blood in atonic 
\'isceral capillaries, u-itb a consequent reduction of the circulating blood volume. 

In order to study the effect of sodium pentobarbital, morphine, and hist- 
amine upon capillary atony, the following experiments were performed. In 
each of two tests, five groups of six mice each were used. In four of the 
groups in each test, both hind legs of each animal were scalded at 100° C. for 
twenty seconds. Sodium pentobarbital, moi-phine sulfate, histamine, and 
physiologic salt solution, respectively, were injected intraperitoneally thirty 
minutes prior to the burn. The animals in the fifth group in each test were not 
subjected to a burn. The mice were exsanguinated at the end of three hours 
and the' livers removed for estimation of hemoglobin, Tlie amount of hemo- 
globin retention in the exsanguinated Hvers was used as an index of the degree 
of visceral congestion due to capillary atony. The method of estimating hemo- 
globin in the liver was described in the companion report,^ 

As shown in Fig. 1. morphine reduced the amount of hemoglobin retained 
in the fiver of buraed mice. The effect of pentobarbital and histamine upon 
the hemoglobin retention was not significant. 


DISCUSSION 


After it was shomi that ethanol, prophj’laetieally administered, increased 
survival time and diminished mortality in mice subjected to a standardized 
thermal injury,^ other eorapoimds related either chemically or pharmacologi- 
cally were investigated for antishock action, Morphine and sodium pento- 
barbital (drugs having narcotic properties), histamine (a vasodilator), acetone 
(related chemically to ethanol), glycerol, and propylene glycol (alcohols) were 
all found to increase survival time and the number of survivors. 

The mechanism of the antishock action of morphine, sodium pentobarbital, 
and histamine was investigated by observing their effect upon two major fac- 
tors which are implicated in the initiation of burn shock, namely, local fluid 
loss and visceral congestion due to capillary atony. 

The effect of these compounds upon edema formation in a burned limb 
was investigated. Each of these drugs curtailed the amount of fluid loss in 
the burned extremity, but only if administered before the thermal injnir- 
None of these drugs had any effect upon the development of edema when in- 
jected immediately after the burn, nor did these agents hasten absorption of 
edema fluid when given after swelling of the scalded limb was well established 
Animals in which a single hind limb was burned exhibited a small but 
significant, reduction in the circulatoiy blood volume as represented bv the 
bleeding volume, and each of these drags curtailed to some extent the expected 
reduction due to thermal injury. ^ 


A number of observers bove noted anlishoek activity for barbiturates in 
mnmals st.b.icc cd to man.pulahon o£ the intestines, to bumine of tl,o intes- 
tmes, or to sealdmg of the sMn,-.. AJlbongh Beecher and McC.rrclI* report 
sodinm pontobarb,la to bo effective when injected after a burn in rabbits “ 
found this borbiturate, as , veil as morphine, histamine, and ethanol activfinTv 
.t S,ven pnor ,ho trauma. Beecher and eo-tvorfeerso ■ attributed the ftera. 
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peutic effect of the barbiturate to a curtailment of fluid loss from the burned 
surface. To explain this result, these authors suggested two possibilities; the 
one, reduction bj' the barbiturate of the flow of eapillai-y filtrate due to capil- 
lary contraction and the other, lowering of the capillary pres.sure in the burned 
tissue. It is unlikely that the first of these possibilities holds for histamine or 
ethanol, inasmuch as these substances are known to dilate capillaries, Before 
the second explanation can be accepted or disproved, direct measurements of 
capillary pressure would 'be required. Another po.ssibility that suggests itself 
is that barbiturates and the other drugs studied may have a specific action in 
decreasing capillary permeability at the site of injury. There is no clear-cut 
evidence for this, although Polderman and Beecher” have observed that the 
flow of cervical Ijnnph is less under barbiturates than under ether. In sum- 
mary the mechanism whereby these drugs prevent local fluid loss has not been 
sati.sfactorily explained. 

Tho influence of each of these three .substances upon visceral congestion 
due to capillary atony was inve.stigafed by estimating the amount of blood 
(hemoglobin) retained in the liver of exsanguinated mice. In burned animals 
which had received a prophylactic injection of moprhine, less hemoglobin was 
retained in the liver than in untreated, burned controls. Sodium pentobarbital 
and histamine were without significant effect. Previously, Castleman, who 
examined the tissue in the experiments peifformed by Beecher and iffcCarrell,® 
had noted that barbiturate diminished the amoxint of capillary congestion in 
the duodenal mucosa of rabbits with experimental skin burns. 

It has been suggested by some investigators that histamine or related sub- 
stances may be implicated -in the production of the shock state.^*'” In the 
present study, histamine was injected in amounts capable of producing some 
of the circulatory phenomena of shock yet an inhibitory action was exerted 
upon the expected reduction of the circulatory blood volume and the rate of 
local edema formation in burns. This would indicate that, in so far as burn 
shock is concerned, histamine is probably not the toxic factor involved in the 
production of the shock syndrome. 

Prom the experiments which form the subject of this communication, it 
was concluded that moi’phine, sodium pentobarbital, and histamine owe their 
antishock action in burns, at least in part, to their inhibitory effect upon edema 
formation at the site of the burn, and that morphine in addition counteracts 
visceral congestion due to capillary atony. 

' SUMMARY AND CONCLUSIONS 

Sodium -pentobarbital, morphine, histamine, acetone, glycerol, and propylene 
glycol display antishock activity similar to that of ethanol. These substances 
increase survival time and diminish mortality in mice subjected to a standardized 
thermal injury. 

The mechanism wherebj' morphine, pentobarbital, and histamine counteract 
shock was investigated by observing the effect upon two major factors impli- 
cated in burn shock, namely, local fluid loss and capillary atony. 
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Each of these drags curtails edema formation at the site of the hum, hut 
only if injected before the trauma. They neither prevent the development of 
edema nor accelerate the absorption of fluid when given after the burn. Mor- 
phine in addition eounteracts visceral congestion due to capillarj' atony. 
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THERAPEUTIC INDUCTION OF FEVER AND LEUCOCYTOSIS 
USING A PURIFIED TYPHOID PYROGEN 


Grant 0. Favoritk, i\I,D., and Herbert R. Morgan, IM.D. 

PlIILADELPniA, Pa. 

A PURIFIED somatic antigen isolated from cult urns of EbcrilicUa typhosa 
grown on a synthetic medium was found to produce^ in addition to the 
immunologic response, a febrile reaction followed bv a secondary leiicocytosis 
when injected intravenously in rabbits’' - and man.^ These properties of tlie 
antigen suggested its clinical application as a ])ja'ogon in the induction of fever 
for therapeutic purposes in place, of the whole typhoid-paratyphoid vaccine now 
generally employed. 

JtATERIAES AND METHODS / 

The original pi’eparation of purified somatic typhoid antigen- had been 
stored in the refrigerator at 4° C. for from one. to five years before use in these 
experiments. It consisted of a distilled water suspension containing 5 mg. of 
the antigen per cubic centimeter. The antigen, diluted in saline, was adminis- 
tered intravenously into the median basilic vein. Rectal temperature determina- 
tions were made at hourly intervals, and leucocyte counts were made at frequent 
intervals during the febrile paroxysms. Thirteen individuals, eight men and 
five women, eleven of whom had nourosyphilis, wore selected for the induction 
of therapeutic fever. 

RESULTS 

A summary of the results obtained in si.x patients representative of the 
series is presented in Table I. The temperature and leucocytic response of a 
typical paroxysm are reproduced in Pig. 1. Following an adequate dose of tlie 
pyrogen, the temperature began to rise Avithin from one-half to one hour after 
the injection and reached its fastigium in tAvo or three liouns, falling again to 
normal usually within from seven to eight hours. In Patients 2 and 4, the initial 
dose was small, since the toxicitj^ of the preparation for man was not loiOAAm. 
As a safety precaution the increments in the amount of antigen added in each 
succeeding dose were small. In subsequent cases an initial dose of 0.001 mg. Avas 
found to be safe. At first, the dose aa'US usually doubled on each consecutive 
injection. It Avas Soon found that this amount was not sufficient to obtain a con- 
sistently adequate febrile response. When a three- to fivefold increment in 
dosage was used, the results Avere usuallj’- satisfactory, as demonstrated Anth 
Patients 5, 7, 12, and 13. 

With an adequate dose, the rectal temperature remained elevated at 103° P. 
or higher for from tAvo to tAvelve hours, depending on the amount of p^Togen 

Vrom the Department of Bacteriology and Immunologj*. Jefferson Medical College. 
Heceived for publication, March 22, 1946. 
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Table I . Febrile and Leucocytic Kesponse Following Injection or Typhoid Pyf.ogen 
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0 
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10 
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0 
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7 

13 

0.01 
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0 
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10 

14 
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0 
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5 

15 
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0 
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9 

16 
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102.6 
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7 

22 
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2 

17,000 

10 

23 
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2 
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8 

0 
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0 
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1 
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0 
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0 
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3 

0.0025 
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6 
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5 
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given and its relation to the dosage employed in the previous injection. When 
a fivefold or greater increase in dosage was used, the temperature rose to 10i° F. 
or higher in most instances. However, as the amount of pyrogen given in a 
single dose grew larger (Patients 12 and 13), a temperature of 104° F. or more 
could be obtained by only tripling or quadrupling the preceding dose. These 
data show that the patients developed a tolerance for the fever-producing action 
of the substance. 

Fig. 2 represents a typical course of febrile paroxj'sms produced in Pa- 
tient 13. The lowest and the highest temperature of each paroxysm are recorded. 

The leucocytosis developed within from thi-ee to five' hours after the in- 
jection of the pyrogen and continued to .increase for as long as fourteen hours. 
The total count often reached values of from 20,000 to 30,000 per cubic milli- 
meter and occasionally higher, as shown in Pig. 1 and Table I. The differential 
counts showed that this elevation was due to an increase in the granulocytes, a 
large number being stab forms. The total leucocyte coimt often remained ele- 
vated for twenty-four hours or longer, particularly when larger doses of the 
pyrogen were used. 

The systemic sjTnptoms accompanjong the administration of an effective 
dose of the antigen were quite uniform. Within from thirty to forty minutes 
after the injection, the patient began to feel chilly and developed a rigor of vary- 
ing intensity which lasted for from twenty-five to thirty-five minutes. This was 
followed by generalized aching sensations which at times were accompanied by 
localized pain in the head, legs, back, and other parts of the body. The patient 
perspired during the height of the fever. Nausea and occasionaL vomiting also 
occurred. With the subsidence of the symptoms, there followed a feeling of 
fatigue and exhaustion. Only slight to moderate variations^ in the blood values 
of glucose, chlorides, and carbon dioxide combining power appeared during the 
paroxysms, indicating that dehydration was not a factor in the development 
of the fever and leucocjdosis. The ingestion of fluids during febrile periods 
probably aided in keeping the variations at a mi nim um. 


DISCUSSION 

A purified pjwogenic antigen isolated from cultures of E. fyphosa grown 
in a synthetic medium has been sho\vn to be an efficient, reliable substance for the 
induction of therapeutic fever. When an effective dosage has been established 
by preliminaiy testing, a series of febrile reactions of desired intensity can be 
induced with a single injection by increasing each consecutive dose by three- 
to fivefold as indicated in the results obtained in Patients 12 and 13 

The stability of the pjwogenic antigen makes it possible to use the standard- 
ized material for long periods of time. Patients 12 and 13 were treated ^vith 
the same lot of pjwogen five years after Patients 2, 4, 5, and T, Avith comparable 
results. During the five-year interval, the pjwogenic material was usuallv stored 
m the refrigerator at 4° C. but was kept at room temperature for as'lon- as 
four days on several occasions. These results suggest that a large stock oAhe 
pjwogenic antigen can be prepared, standardized, and stored for Ion- periods 
of time as needed for use in the induction of fever. o e uu;. 
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The stability and uniformity of the pyrogen and its effectiveness in small 
single doses make it preferable to the whole bacterial typ]ioid-parat}T)hoid 
vaccine now employed for the same purpose, which varies in its febrile inducing 
properties and which often requires multiple injections to obtain a single satis- 
factory fever response/ In addition, different lots of the bacterial vaccine have 
variable potencies in the induction of fever. 

The marked leucocytosis which follows the injection of the pyrogen is prob- 
ably .a valuable adjunct in the therapeutic use of the substance. 

SUMMARY 

1. A pyrogenic somatic antigen has been isolated from cultures of E. iypliosa 
which induces a febrile response in man when administered intravenously. A 
fever of from 103 to 105° F. follows doses of from 0,001 to 0.002 mg. To obtain 
similar results 'with subsequent injections, the amount of the pj'rogen must be 
increased by three- to fivefold. 

2. A granulocytic leucocytosis, with large numbers of nonfilament tjiie of 
cells, accompanies and follows the febrile re.sj)onse. 

‘3.’ When a given preparation of the pyrogen is standardized and stored in 
the refrigerator, it retains its potency for at least five j'cai’s. 

, The authors wish to tliank Dr. J. Gainhescia and Pr. JI. S. Ostrum, for their valuable 
assistance. 
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COLOEBIETEIC DIAGNOSTIC TEST POE jVIALAEIA 

Lietttenant H. J. Carlson, HS,* M. G, Mueller, PhM2/c, and 
H. D. Bissell, PhM2/g, United States Natal Eeserte 


INTRODUCTION 


I N CHEONIC malaria and malaria in irhicli parasites are not observed in 
stained blood films; it is important to have another means to aid in the diag- 


nosis of the disease. 

In 1928 Henryk described serologic tests based on the ohservation that sera 
from patients ivith malaria flocculate metharsenate of iron and melanotic pig- 
ment. The reaction containing iron was designated ferrofloecnlation and that 
which contained melanin and proved to be more sensitive, the melanofloeculation 
reaction. Grieg, van Eooyen, and Hendry^ later made a complete study of the 
test. These investigators found the following disadvantages in the use of 
melanin prepared from ox choroid: -(1) reactions from other protein substances, 
(2) inability to achieve complete uniformity in preparation of different batches 
of antigen, and (3) precipitation of stock choroid extract on storage. They 
prepared a melanin solution by hydrolysis of human hair, and the final extraction 
gave a solution which contained a fixed amoimt of pigment and remained stable. 
"With this melanin extract they were able to change the technique of the test 
by discontinuing the preHminarj' titrations, increasing the sensitivity of the test, 
and using direct readings rather than electrometric devices. Even with this 
improvement the test was never used extensively, due to many false positive 
reactions. 

Pewny,^ in 1918, and Zieman,'* in 1924, first attempted to demonstrate a 
precipitin reaction in malarial infections with limited success. In 1927 
Taliaferro and co-workers’ reported success with this type of reaction by n-ring 
an antigen prepared from human parasites obtained from placentas. However, 
in a second report® they were not able to confirm their former findings fully. Eow" 
later improved the test by preparing the antigen from malarial culture tubes 
of Plasmodium vivax. He also simplified the technique to obtain a strong uni- 
form constant precipitin reaction in his hands. The difficulty in the prepara- 
tion of sufficient quantities of antigen and the tendency of the test to give false 
negative reactions made this method impractical. 

CoggeshaE and Eaton®_ reported another diagnostic aid, the complement 
fixation reaction for chronic and apparently submicroscopie malaria Their 
original work was done with monkey malaria, but later they were able to show 
similar results on human malaria® using the same antigen prepared from the 
m^y parasite Plasmodium hnoivlcsi. Although specific in nature the test is 
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not refined sufficiently to detect all Imo\ra posituvc cases. Plasmodhm gallina- 
ccim appears to be a fairly successful parasite for antigen in complement fixa- 
tion but does not produce as sensitive an antigen as P. hnoxvlcsi, either extracted 
or used whole. Group studies in this laboratory, using P. gallmaccum antigen 
on loiown patients vdth malai’ia, gave approximately 35 per cent positive re- 
actions. As jmt the human malarial parasite has not been cultured,® so that 
sufficient quantities are available for a specific antigen. 

All serologic reactions are basically the combination between antigen and 
antibod 3 L The antigen in each case is usuallj’’ specific, exceptions being those 
in the precipitation and complement fixation techniques in the detection of 
syphilis, in which some extract of beef heart is used, sheep. cells in the heterophile 
reaction for infectious mononucleosis, etc. These serologic reactions are based 
primarily upon the coagulation and precipitation of a Ij’ophobic colloidal dis- 
persion in the presence of the serum containing specific antibodies or in some 
instances in the presence of a substance enhancing the dilTerentiation of positive 
and negative sera. 

Any type of test, either serologic or chemical, should be sufficiently sensi- 
tive to detect the weak positive or slight changes in the sera and should be 
specific for the disease without producing false positives in sera of patients 
Avith other diseases or normal individuals. The afore-mentioned tests do not 
meet these requirements, and it is apparent that an improved serologic or chem- 
ical test should be found which would enable one to follow the disease through- 
out its course. 

The object of the present study was to develop a test, serologic or chemical, 
which would aid in the diagnosis of malaria. Much preliminary work was done 
in purifjnng P. gaUinaceum antigen in attempts to improve the sensitivity and 
specificitjq but it was found that purification did not increase the number of 
positive reactions in loiown positive sera, whether they were used in precipita-. 
tion or complement fixation techniques. Melanin, used in previouslj" mentioned 
tests,^ presents in colloidal solution properties similar to those of solutions 
of certain colloidal dj^cs. Since colloidal dyes have been shown to combine quan- 
titatively ■with proteins*®’ ** under certain conditions, and since they also pro- 
vide a convenient basis for a colorimetric evaluation of the altered djm solu- 
tions, it was felt that the modified characteristics of malaria serum occurring 
during the acute and chronic phases of the disease might be demonstrated by 
the use of such dyes. 

GENERAL METHODS 

In the earliest tests using dyes (Evans blue T1824, atabrine, methylene 
blue, neutral red, brilliant cresyl blue, and Congo red), concentrations of from 
0.1 to 1.0 per cent were tried in varying amoqnts with Imow’n positive and neg- 
ative malarial sera. Although promising, no consistent results were obtained 
' in these preliminary titrations. It wms thought that electrol 3 i;es might enhance 
the activity of the dye, and further titrations were carried out using tliese sub- 
stances. Varying concentrations of NaCl were tried, and in some of the titra- 
tions it was possible to increase the actmty of the dye,- however, the action did 
not appear to be constant. 
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Of the several dyes (indicators) and eleetrolj-tes* (enhancers) used, Congo 
red, a colloidal dye, and quinine HClf gave the most constant and consistent 
results in the presence of malarial and nonmalarial sera. The following report 
contains data based on the use of a colorimetric test involving Congo red, quinine 
HCl, and malarial serum, 

APPARATUS 

The folloT,\'ing equipment and chemically clean glassware are suggested for 
the most effective performance of the test. Proper and careful dilution is also 
essential for obtaining the best results. 

Test Tubes . — 

1. 13 by 100 mm. 

2. 25 by 100 mm. 

3. Graduated cylinders, 100 c.e. 

4. Pipettes 

1 c.e. to 0.01 c.c. graduation 
10 c.c. to 0.1 c.e. graduation 

5. Spectrophotometeri , 

6. Cuvettes, 19 by 105 mm. 

Chemicals . — 

1. Congo red§ 

2. Quinine HCl, 0.3 per cent aqueous sol 

Sera. — Cell-free, nonhemolyzed, nonchylous, and noninactivated. 


PROCEDURE 


One cubic centimeter of a 0.1 per cent solution of aqueous NaR (Congo 
red) is placed in a test tube (13 by 100 mm.), and 0.5 c.c. of the noninactivated 
serum to be tested is added. This mixture is vigorously agitated. Two cubic 
centimeters of quinine hydrochloride are then added to the Congo red serum 
mixture, and complete mixing is obtained by inversion of the test tubes. The 
rack containing the tubes is allowed to remain at room temperature for fortv- 
tive minutes. The tubes are centrifuged for ten minutes at from 3,500 to 4,000 
r.p.m. One cubic centimeter of the clear supernatant is transferred to a gradu- 
ated cylinder and diluted to 60 c.c. with distilled water. One drop of N/10 
NaOH is added to the diluted mi.xture. A 19 by 105 mm. cuvette|j is filled with 
distilled water as a reference standard, and the galvanometer needle is set to 
zero optical density on the scale with water in place in the cuvette well usino’ 
a wave length of 500 mm., the point of maximum light adsorption by the red° 
orange solution. 

The optical density of each test solution is read in turn, and the values are 
recorded as being directly proportional to the dye left in solution. 


EUlfatef ?^rfcTne'M?fate.’ r^o(i)h'lne” suRau" qutalne^ “w^UaTe Si’a^‘odlM “t™ 

tJunlor spoctrophotometor. model 6. Coleman Electric Co 
INaUonnl AnUino BivlPlon. A\Ued Chemical x. TK'r r*^^!^** 
ficd, 0.1 per cent aqueous foI. ^ Corporation, >seTv lork, X, T. ; certl- 

rColcmnn Electric Co. 
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It was found that an aqueous solution of Congo red* with a pH of ap- 
proximately 6.5 gave an optical density reading of 0.390 at a concentration of 
1 :250,000 and a wave length of 500 mm. The Congo red concentration in the 
test was chosen so as to give an optical density reading of approximately 0.400 
with normal sera. The actual final djm concentration, provided none was 
precipitated, would be 1 :210,000. Such a solution theoretically should possess 
an optical density of 0.465. This figure has yet to be attained. A dye-protein- 
quinine complex precipitate has always been obtained in small amounts, even 
in nonmalarial serum. 

Tenth normal NaOH was found to be necessaiy to clear the final dilution 
mixture of a slight opacity which was encountered in some sera. One droji of 
the hydroxide is added to all tubes, whether opacity is present or not, to keep 
this added factor of dilution constant. Acid was tried as a clarifying agent but 
was found to modify the color of the remaining KaR sufficiently to give false and 
inconstant optical density. 

The presence of a very chylous sera was found to have a direct beai’ing on 
the optical density. It is suggested in these cases that fasting sera he used in 
performance of the test. 

When serum was inactivated at 56° C. for from fifteen to thirty minutes, 
the samples were alwaj^s found to approach normal readings. Duplicate samples 
of sera from acute cases, inactivated and noninactivnted, were tested. The non- 
inactivated sera gave significantly low optical density readings, while inactivated 
sera were found to give no variation from the normal eur\'e, whether the sera 
were from patients with or -without malaria. 

' EXPERIMENTAL 

Monkey Malaria . — Since the preliminary work showed optical differences 
between malarial and nonmalarial sera using the previously described dye- 
protein test, it was felt that this test could be used to follow the clinical course 
of the disease. An experiment with P. knoiulcsi infected Macacus nniUtia 
monkeys was set up^in an attempt to correlate the dye-protein results before, 
during, and after drug administration with simultaneous blood film examina- 
tions. Control readings on normal sera ivere taken on all monkeys for several 
days before infection, and on three of the monkeys seven readings were obtained 
over a period of nine days. Six monliejm wmre infected by intravenous inocula- 
tion of heavily parasitized P. Icnowlesi blood. The course of the disease was 
followed by daily thick and thin smears, and dye-protein determinations were 
inade on sera at varying intervals. Smears were taken from peripheral blood, 
while from 3 to 4 c.c. of blood were drawn from the femoral vein for the dye- 
protein -test, t 

Results: The results of the dye-protein tests on serum from monkeys in- 
fected with P. Imoivlesi are shown in Pig. 1. 

•As each lot of dye may vary. It Is recommended that concentration-optical density 
curves be set up In each laboratory and that these data be used to s’elect wave len^h and 
dilution ratios. , , . - . , 

tDve-proteIn reaction time increased to sixty minutes and centrifugation speed to 4,500 
r.p.m. when monkey sera was tested. 
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Optical density readings in lilonkey 0 before infection varied from 0.400 
to 0.460 in eight semm samples taken over a ten-day period before infection. 
Three days after infection the optical density reading was obseiwed to be 0.420, 
but readings fell steadily thereafter to 0.190 on the sixteenth day of infection. 
This animal was then treated with atabrinc HCl. The readings of serum samples 
tested during the next six days gradually approached normal and remained 
there in subsequent samples. 
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FJff. 1. — Optical density cur\’es of dye-treated 'sera from monkey infected with Plasmodium 

hnowlesi. 


Preinfection normal optical density readings of serum samples from 
Jlonkcys 46, 65, and 98 varied from 0.380 to 0.450. Only one .sample was taken 
before inoculation of the parasite into llonkey 46. Another serum sample taken 
two days later from this animal was found to give a similar reading 0.440. The 
readings fell gradually during the course of the disea.se, reaching 0.160 in 
Monkey 46 on the eighth day of infection and 0.18.5 in Monkey 65 and 0 285 in 
iMonkey 98 on the eleventh day of infection. .Vfter treatment the optical densitv 
readings in Monkeys 46 and. 65 rapidly approached the normal ranrre within 
four days, while senim from Monkey 98 dropped to 0.230 two days after treat 
ment was instituted. Four days after further treatment serum samples from this 
monkey gave normal readings. 


Monke> 312< had he same nomal optical density readings as .shoivn foi 
the previously described monkeys but failed to respond to treatment and died 
The scrum taken immediately before death cave a readin- of 0 080 
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Chicken Malaria . — The resiilts of iJie dye-])role)n lest iisinpc sera from mon- 
keys suggested furtlier trial using a different parasite and host. Chickens 
furnished the most economical and convenient host. 

Four-week-old chicks were infected with P. gallinaccum. One-fourth cubic 
centimeter of heavily parasitized blood was given intravenously. Control blood 
levels were taken on all chickens before infection and also on a small group 
of noninfecled birds to aseerlain if dailj' bleedings of from 2 (o 3 c.e. were detri- 
mental to the animal or caused enough changes in the blood to change the test 
readings significantly. 

A gi’oup. of forty-three birds was used in the experiment. Thirty-seven 
birds were infected and six were u.sed as nonnal controls. Blood "Ny^s obtained 
by heart puncture. Treatment was instituted wheirthe blood picture and gross 
physical condition of the individual chicken appeared to warrant it. Five- 
tenths cubic centimeter of a 3.0 per cent solution, quinine HCl, was given intra- 
museularljL 
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Daily Serum Samples 

Fig:. 2. — Optical density curves of dye-treated sera from chickens Infected with Plasmodiitvi 

pallinaccum and controls. 


Results: The optical densitj” readings of eighteen chickens are shown in 
Fig. 2. 

In the six control noninfected chickens dailj’' bleedings appeared to have no 
apparent effect on the blood serum. The normal readings varied between 
0.280 and 0.405. One bird. Chicken 41, had consistent low readings varying 
between 0.280 and 0.340. These findings are depicted in the left side of Fig. 2. 

Sixteen of thirty-seven infected chickens died of other causes than malaria. 
Fifteen of these sixteen chickens died of trauma due to heart puncture, while 
autopsy on the remaining bird showed puhnonary involvement. 

The course of the disease with treatment as interpreted by the dye-protein 
test is shonm in the central portion of Fig. 2. The normal optical density read- 
ings of the six chickens correlated with the normals obtained in the control group. 
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These chickens were infected shorth^ after the control samples of blood were 
taken. Four chickens Avere blood positive the second day after infection, with the 
remaining two, Chickens 20 and 29, becoming positive on the third day. At that 
time the readings were graduallj’’ falling. On the sixth day there was a decided 
upswing in the optical density curves of five of the chickens. This same phe- 
nomenon Avas observed in the sixth bird, Chicken 23, on the fifth day. The 
parasitized red cell percentages on these chickens at the time of this rise in the 
curves was found to be between 50 and 80. On the seventh day of infection 
the curves of the six chickens shcAAm in this central graph were observed to 
fall dramatically, and at this time they Avere treated. Within twenty-four hours 
the cuTA'e of Chicken 36 rose from 0.210 to 0.420. The optical density curves 
of Chickens 23 and 43 showed a similar rise in forty-eight hours. The parasite 
percentages in the latter two Avere less than 5, and in Chicken 36 it had dropped 
to 40 from 70 the preceding day. Chickens 36 and 43 died of trauma on the 
ninth and tenth days. The cun'e of Chicken 20 was obse^ed to rise from 0.240 
to p.300 forty-eight hours after treatment, faffing again with a gradual rise icm- 
til the day of death. The curve of Chicken 29 was observed to fall graduaUj’ 
until the tenth day at which time the optical density reading began to approach 
0.300. Chicken 33 continued to have low readings until the twelfth day at which 
time there was an upsAving toward the normal range. The parasite percentages 
of these chickens were less than 5 with the exception of Chicken 20 which had 
had approximately 50 per cent parasitemia throughout the course of the disease. 
On the fifteenth day of infection Chickens 20, 23, 29, and 33 died. Subsequent 
brain smears on these birds showed the presence of exoerythrocytic forms of the 
malaria parasite. 


The right side of Fig. 2 depicts the optical density curves of chickens dying 
before or at the time treatment was instituted. The curves of the chickens in 
this group foUoAv a similar pattern to those described in the central portion of 
Pig. 2. There is a general upswing in the curves Avith a dramatic drop in the 
next daj^ or two, Avhether the chickens were treated or not. AH birds in this 
group died of the blood phase of the disease. 


Human (Vivax Malaria ). — The shape of the optical density curA'es in the 
experimental disease in monkeys and chickens suggested that the dye-protein 
test would serve as a diagnostic aid in hmnan malaria. It Avas also thought 
that response to treatment might be followed Asith the test. 

A minimiun optical density of 0.340 and a maximum of 0.460 Avith a mean 
of 0.390 has been found on twenty-five of nonmalarial human controls Avithout 
malaria. As no attempt is being made at this time to report on a large series of 
patients, it is felt that the cuiwes on the sera of scA'en patients Avith recurrinn 
vivax malaria Avill demonstrate the principle of the test. Several of the patients 
liaA’e been folloAved as long as from tAvo to eight months. 


• dy^protein cuTA-cs of human patients AA-ith malaria OAur j 

pmor o£ fit.oen wte. The first blocKl dram tor, the dve-protein tost is take 
drnrs or shortly after a relapse. This pmcedare was followed in aU pi“2 
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The first optical density I'cadiii" obtained on Patient 25 ivas 0.240 witii the 
blood being drawn sliortly after a relapse. Within one week tlic curvC'had ap- 
proached 0.330 and remained approximately at that level until the fifth week. 
The curve gradually declined until the eighth week at which time the patient 
had another relapse, and a reading of 0.185 was obtained. Three weeks later 
the optical density curve liad reached 0.350. 

Patient 26 gave an original reading of 0.240 during a relapse. In kivo weeks 
the curve had reached 0.340 and remained above 0.350 throughout the period 
of thirteen weeks that this patient’s senim was tested. During this pei’iod the 
patient had no relapses, and no parasites were observed on thick smears. 



Piff. 3. — Optical density curves oC dyc-treated sera from human patients -infected with P/as- 

vivax. 

The original optical density reading and all others e.xcept the last recorded 
on the graph were made on Patient 27 ’s serum at other times than during an 
acute relapse. Health records show eight relapses, while the patient stgtes that 
he had twenty-nine relapses. A constant parasitemia was observed by blood 
smear. The readings obtained on serum from this patient over a thirteen-week 
.period ranged between 0.800 and 0.350, Although this patient was in constant 
parasitemia, only a few parasites wei’e found at each examination. 

The original reading from Patient 2S was obtained during subjective sjmip- 
toms. The optical density curve dropped to 0.200 two weelcs later during a clin- 
ical relapse. The curve then gradually rose to 0.325 in the next two weeks but 
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started another gradual decline reaching a low point of 0.230 in the tenth week 
during a relapse. This patient’s curve again rose to 0.350 in the next three weeks 
and remained there during the follow-up period. Blood smears were positive 
at the time of clinical relapses. 

The first optical densitj' reading of Patient 29 was 0.190 and was obtained 
during a relapse. This patient also had a constant parasitemia as shown bj thick 
smear. After the original relapse as followed in this study, he relapsed three 
weeks later giving a reading of 0.150 from a 0.240 rise during the second week. 
Two weeks later there was another dramatic fall in the optical density curve 
to 0.165 from 0.255. From this low reading during the fifth week, there was a 
gradual rise reaching 0.360 in the thirteenth and fourteenth weeks. The follow- 
ing week this patient had another relapse with the curve dropping to 0.165. 
From the seventh to the fourteenth week the blood smears on this patient were 
negative, becoming positive at the time of the last recorded relapse on Fig. 3. 
This patient stated that he had had thirty relapses with an ofScial record of only 
four in his health record. 

Patients 30 and 31 showed very low optical density readings (0.165 and 
0.090) during the first relapses to be recorded in this study. There was a grad- 
ual rise of both curves to 0.300 or greater with the readings on Patient 31 going 
as high as 0.400 without further relapses being observed during the study. Pa- 
tient 30 relapsed in the eighth week with an accompanying lowered reading 
of 0.160. The optical density curve on this patient again rose to 0.300 and re- 
mained at this level during the study. Positive blood smears were 'observed 
during the relapse periods of these patients. 


DISCUSSION 


The present investigation brings into prominence severeal possibilities of 
explanation which cannot be further studied at the present time. It was noted, 
for example, that the quantity of serum used in the test apparently produces 
no effect upon the optical density readings providing the dye concentration re- 
mains unaltered. Variations in quinine hydrochloride concentration produce 
changes in the readings which are reproducible. Quinine hydrochloride alone 
will precipitate NaR from solution, while serum and NaR alone give no apparent 
reaction. At first it was thought that serum acted as a protective colloid in 
modifying the action of quinine hydrochloride on NaR, but the unchanged read- 
ings using variable amounts of sera seem to preclude this theory. It is possible 
that the A/6 ratio is important in the reaction, e^eeially since (NH ) SO 
precipitated globulin produced an effect similar to whole serum in the test' 
while (NHJ.-SO, precipitated albumin showed no comparable chan-e It is 
also possible that the reaction is a combination of globulin denaturriation bv 
quinine hydrochlonde A/G ratio, and direct action of quinine hydrochloride and 
^aR. Somewhere in the in erpretation of the test must be considered the drastic 
changes produced by inactivation of the sera at 56° C. Also CO frozen 7e^ 
upon thawing gave optical density readings which did not correspond to re^^s 
obtained with untreated sera. No correlation of this data has bSn attempt 
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It is possible that the reaction herein described bears no specific relationship 
to a malarial infection but has as its basis the presence of certain denaturized 
proteins resulting from the response of the parasite or host, singly or in com- 
bination. However, controls other than serum from patients with infectious 
hepatitis or marked anemia showed no similar reaetion.s. 

Although the ehemoimmunologie basis of the test is not as yet understood, 
it is believed that the principle and technique described could be elaborated upon 
and might possibly be utilized as a significant diagnostic aid in malaria. With 
the use of different dyes and enhancers, modifications of concentrations, and 
techniques or other possible change.s, it might be possible to make this dj'c- 
protein reaction applicable to othcr di.seases. 


SUMMARY 

A dye-protein test involving the use of Congo red, quinine hydrochloride, 
and serum has been described in which it is possible to detect scrum changes in 
malarial infections. Observations on experimental and human infections lead 
one to believe that the test could be utilized as a diagnostic test for latent infec- 
tions. The technique of the test is not presented as a definitive procedure but 
rather as one that has sufficient promise to warrant further exploration. 
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HEBERDEN’S NODES 


V. The Association of Hypertension and Obesity to 
Degenerative Joint Disease of the Fingers 

Robert M. Stecher, M.D. 

Cleitt^ind, Ohio 


H EBERDEN’S nodes are enlargements of the terminal joints of the fingers 
due to degenerative joint disease. Since numerous observers have noted 
that degenerative joint disease and hypertension have occurred together, the 
present study ivas planned to investigate the blood pressure of women 'with 
Heberden’s nodes and to determine whether or not this particular form of 
degenerative joint disease was associated with high hlood pressure. 

Swett^ noted the association of arterial hypertension and chronic arthritis. 
Archer* studying the menopause type of degenerative arthritis found that sis 
of his twenty patients had blood pressure over 150 mm, Hg. Bick* in a study 
of 200 eases of chronic arthritis said that the blood pressure in osteoarthritis 
in most cases is considerably above normal for each age group. O’KeiUy* 
found hypertension in twenty of fifty-six cases of osteoarthritis, Weber® found 
an average blood pressure of 142 mm. Hg in twenty-one cases of hypertrophic 
arthritis compared to 127 mm. in atrophic arthritis. Fletcher® in 103 cases of 
osteoarthritis found obesity, hypertension, and raised erythrocyte sedimenta- 
tion rate as associated characteristics. He foimd that a significant proportion 
of his patients, 36 per cent of those of normal weight and 52 per cent of those 
with obesity, had hypertension. Most recent students of arthritis have ignored 
the question. 

Heberden’s nodes are a particular manifestation of degenerative joint dis- 
ease which involves the terminal finger joints. Many writers have stressed the 
fact that Heberden’s nodes are typical of degenerative joint disease and are 
the most common manifestation of this disease. Previous studies* indicate that 
Heberden’s nodes occur frequently as the only significant evidence of degen- 
erative joint disease, that heredity® is an important factor in their occurrence 
and that their de\ elopment depends also to a large degree upon a^e and sex ® 
The present study is based on 112 women with idiopathic 'keberden ’s' 
nodes who were seen on the medical service at City Hospital or in private 
practice. The diagnosis of idiopathic Heberden’s nodes as distinguished from 
traumatic Heberden’s nodes depended upon enlargement and deformitv of 
at least three fingers 'on both hands occurring without relation to trauma 
After the patients of this series had been assembled, they were arranged in 
order of age and divided into groups by decades. Patients were considered 
toj^e an abnormally high blood pressure if they had a systolic pressure of 
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over 159 mm. Ilg. Thi.s dc.signation wns cho.scn regardless of diastolic pres- 
sure. Only five patients in the study series and tlirec in the eontrol scries 
Avould have been added to the high blood prc.ssurc group if a diastolic pres- 
sure of 90 mm. Ilg or over also -were accepted. 

The limit of IGO mm.ITg was chosen to be liberal because these women 
were not hospitalized or c.xamincd under basal condition.s, and many of them 
were seen only once. Page and Corcoran,’® quoting Symonds, give' normal 
blood prcs.sure in 150,419 healthy men as never higher than 135 mm.ITg. 
Wiite” states tliat normal systolic prc.ssurc ranges from 95 to 145 mm.ITg. 
BramwclP= stresses the fact that there is a range of normal blood pressure and 
that 150 mm. Hg or less is normal. Pobinson and Brucer’® state that the nor- 
mal range of blood pressure is from 90 to 120 mm. Ilg .systolic. Hines con- 
sidered 160/100 mm. ITg the upper limit of normal. 

The patients with Ileberden’s nodes are compared to a control series of 
ninety-two women chosen previously so as to simulate closely in age and sc.v 
distribution the original Ilcbcrden’s node series studied for heredity As 
udll be noted from Table I, the two series are quite similar in size and age 
distribution. The average blood pressures in each age group arc nearly the 
same in both series, being only a trifle higher in the Ilcberden’s nodes series. 
The range of blood pressures in each group is great. This, and the fact that 
the series are small, e.xplains why the standard deviation is so great. These 
differences in blood pressures between the two groups are not statistically 
significant. Even in the eighth decade where the difference is greatest, the 
mean blood pressures in the two groups are 188 and 163, less than the standard 
difference of the series. 

The percentage of women with high blood pressure may seem imduly high, 
but it does not vary widely from those found in the population in general. 
^Master and Marks” found the percentage of women with hypertension (sys- 
tolic pressure over 150 mm.) to be 20 in the forties, 43 in the fifties, 63 in the 
sixties, and 68 in the seventies. The Metropolitan Life Insurance Company” 
foimd that 20 per cent of women at 40 years of age had hypertension (systolic 
pressure over 140 and a diastolic pressure over 90). 

Although there was no significant difference in the incidence of hyper- 
tension between the affected and the control group, the relationship of hy- 
pertension to Heberden’s nodes was further tested by combining the two series 
into one, comparing the incidence of hypertension in the Heberden’s nodes 
and the normal series, and computing the coefficient of association between 
Heberden’s nodes and high blood pressure. This has been done in Table H 
The coefficient of association was found to be 0.2.5." According to the com- 
putation used an answer of +1 indicates that the attributes under consideration 
are invariably associated with each other, neither one occurring independently 
of the other. When the answer is -1 there is complete negative association 
and neither attribute ever occurs in association irith the other The result 
found here, 0.25, must be interpreted as of no significance. 
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Table II. Heberpen’s Node.*; and Hypebtensio.v Found in 
Two Hundred and Fourteen Wojien 


AGE 

NUMBER 

IIEBERPEN'S 

NODES 

AND HVPER- 
TENSrON 

IIEBERDEN ’S 
NODES with- 
out inTER- 
TENSION 

HYPERTEN- 
SION WITHOUT 
IIEBERDEN ’S 
NODES 

NO IIEBER- 
DEN ’S NODES 
NO HYPER- 
TENSION 

30 to 39 

13 

0 

3 

0 

10 

40 to 49 

47 

7 

14 

7 

19 

50 to 59 

62 

1C 

20 

11 

15 

00 to 69 

04 

22 

24 

9 

9 

70 to 79 

28 

. 14 

2 

6 

6 

Total 

214 

59 

03 

33 

59 


Table III. Heberde.n ’s Node.s Found in Eiouty-Two Women With Hypertension , 


AGE 

NUMBER 

NUifBER 

AFFECTED 

INCIDENCE 

FOR AGE 

EXPECTED NUM- 
BER AFFECTED 

40 to 49 

8 

0 ' 



50 to 59 

35 

1 

0.020 


60 to 69 

24 

o 

0.155 

3.72 

70 to 79 

15 

1 

0.247 
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Table IV. Heberden’s Nodes and Obesity in One Hundred and Eighty-Four Women 


AGE 

NUMBER 

IIEBERDEN ’S 
NODES 

AND 

OBESITY 

IIEBERDEN 'S 
NODES 
WITHOUT 
OBESITV 

OBESITY 

vnruovT 

IIEBERDEN 'S 
NODES 

NO 

HEBERDEN’S 

NODES 

NO Obesity 

30 to 39 

13 

1 

o 

3 

7 

40 to 49 

40 

6 

8 

11 

15 

50 to 59 

50 

7 

17 

12 

14 

60 to 69 

53 

11 

24 

5 

13 

70 to 79 

28 

4 

12 

1 

11 

Total 

184 

29 

63 

32 

60 


As a further test eiglity-two women with iij'pertension were examined on 
the wards or in the clinic of City Hospital in a systematic search for Heberden’s 
nodes in such a group. Table III shows that four ivere found, only one-half 
of normal expectation in a series of this size and age distribution. The ex- 
pected number affected was compiled from the incidence actually found in a 
routine observation of nearly 7,000 indhdduals.® The series is small and too 
much reliance cannot be placed upon it, but the findings do not support the 
supposition that Heberden’s nodes and high blood pressure are attributes asso- 
ciated with each other in a proportion higher than in the population at large. 

The relationship between Heberden’s' nodes and obesity was then investi- 
gated. An association between obesity and degenerative joint disease has been 
recognized. 0 ’Reilly^ found that 12 per cent of his patients with degenerative 
joint disease were overweight. Weber® in an analysis of 150 patients noted 
that patients with degenerative joint disease had an average weight 16 pounds 
greater than patients ivith rheumatoid arthritis, despite the fact that they 
were 0.3 inch shorter. Fletcher® found that obesity occurred eight times as 
commonly in patients with degenerative joint disease as it did in the popula- 
tion in general. Kovaes and Hartung^® found that fifty patients with degen- 
erative joint disease weighed an average of 20 pounds more than fifty other 
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jmlionf.s wifli i-liciinintoid nrfliriti.s. Iladcii and Warren,'® studying fifty pa- 
tients ^vith degenerative joint disease, found that (52 per cent of the group 
weighed more Ilian normal for their age. the average overweight being 25 
pounds, ^iratz,®" in IfiO ex-service people with degenerative joint disease, 
found that 45 per cent were more than 5 per cent over standard weight. The 
women in our series were judged to he overweight if they were 20 per cent 
or more above the ideal weight for height and age as given in standard tables. 
Again the ITeberden’s nodes and control series were combined (Table IV )• 
The coeffieient of association of ITebcrdcn’s nodes and obc.sity is 0.08 and there- 
fore of no significance whatever. 


COM5IKNT 


The validity of this .study depends upon the reliability of the observa- 
tions and the selection of the material observed.' The women with Heber- 
den’s nodes were selected solely becau.se of the disease of their fingers in 
a study which took no account of blood pressures. This was random samp- 
ling so far as blood pressure was concerned. The control series is com- 
posed of the sisters of women who had no arthritis. They were chosen 
in the course of a pre\'ious study to compare the incidence of Heberden’s 
nodes in the sisters of women without arthritis with the sisters of women 
wdth Heberden’s nodes. The only other selection exercised was aimed to 
assemble a group with the same age distribution as the study series. No atten- 
tion was devoted to blood pressure or obe.sity at the time other than recording 
these data. Eighteen of the women in the Heberden’s nodes series were pri- 
vate patients. The other seventy-four women of the Heberden’s nodes series, 
and all the members of the control series, were dispensary patients. The 
members of both series had lived in Cleveland and its environs all their lives. 
In general the people under consideration were in the modest or low income 
groups, many but not all of whom had done hard work. The two series seemed 
to be closely matched in all obser\-able qualities except the presence of Heb'erden’s 
nodes. According to the literature cited there seems to be an association of 


degenerative joint disease and hj-pertension. In no instance had the data 
presented been .subjected to statistical analysis to determine the degree of 
significance of the findings. Furthermore, there was no comment as to whether 
or not the incidence of hypertension in patients with degenerative joint dis- 
ease was any higher than that found in the population in general. Several 
of the studies cited^®’ indicate that it -was not. After comparing the data 
from the literature nith the findings of the sUidy, it seems safe to conclude 
that patients Arith Heberden’s nodes do not differ from those with degenera- 
tive joint disease of other joints in so far as the incidence of hypertension is 
concerned. No significant association exists betAveen the two conditions. 


Data from the literature indicates a strong association between degener- 
ative joint disease and obesity. This association has been based upon very 
small deviations from standard weight, in some instances as small as 5 ner 
cent m one stady.~ In two studies- - patients tcith degenerative artWtis' 
tvere compared to patients tv.th rheumatoid arthritis, a disease frequently 
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associated with debility and loss of weight. In four studies*' compar- 
ison was made to standard tables or to the incidence of obesity in the general 
population. In the present study no diiTcrenee was observed in the incidence 
of- obesity in Heberden’s nodes and the control series. In respect to obesity, 
patients with degenerative joint disease of the fingers differ vddely from pa- 
tients with degenerative joint disease of other joints. 


SUMMARY 

A comparison was made between 112 women with Heberden’s nodes and 
ninety-two women of approximately the same age distribution but otherwise 
selected at random. It was found that average blood pressures for each age 
decade were the same in eacli group. After combining the series into one 
group, no significant association between Ilebcrdcn’s nodes and hypertension 
could be demonstrated. In a scries of eighty-two women with hypertension, 
Heberden’s nodes were not found more frequently than could be expected 
from the incidence of this disease in the population in 'general. It is concluded 
that Heberden’s nodes or degenerative joint disease of the fingers is no differ- 
ent, in relation to hypertension, than is degenerative joint disease of other 
joints. Despite the fact that a strong positive association has been demon- 
strated between degenerative joint disease and obesity, no such association 
was found in this series between Heberden’s nodes and obesity. In this respect 
Heberden’s nodes or degenerative joint disease of the fingers differs widely 
from degenerative joint disease of other joints. 
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LABORATORY METHODS 


THE DETEEJIINATION OF SULPONAJIIDES IN TUNGSTIC ACID 
(FOLIN-WU) BLOOD FILTEATES 

Emil G. Schmidt, Ph.D. 

Baltimore, SId. 

S ISIULTANEOUS determinations of blood urea, nonprotein nitrogen, sugar, 
etc., and the unconjugated sulfonamides are frequently required in research 
or are requested in the clinical laboratory. Hence a method for sulfonamides 
on routine, tunstic acid (Polin-Wu) blood filtrates should be helpful. 

In the present paper are described colorimetric and photoelectric adapta- 
tions of the well-knowm Bratton and JlarshalP procedures to tungstic acid blood 
filtrates. The conjugated sulfonamides ivere not investigated. While it was 
found necessary to study rather extensively many factors relating to these meth- 
ods, only a few of the more important findings can be reported in detail.-'* 

EXPERIMENTAL 

Ordinary routine blood filtrates generally contain tunstate ions. Upon addi- 
tion of the usual Bratton-Marshall reagents, these ions produce turbidities and 
also inhibit coupling of the diazotized sulfonamide and tlie color reagent. How- 
ever, it was found that citric acid would inactivate these tungstic acid ions, if 
they are present in but smaU quantities.® The addition of either p-toluene- 
sulfonic, trichloroacetic, or dilute sulfuric acid was also found necessary in order 
to stabilize and keep in solution the resultant dye. Under these conditions a 
deep, clear, rose-red or orange-red solution results. 

Reagents . — 

Sodium. Nitrite: A 0.1 per cent solution is prepared weeldy from a 10 per 
cent solution which seems relatively stable Avhen kept in the cold. 

Sulfamate Buffer Solution; Ammonium Sulfamate,* 0.5 Gm., and sodium 
acid phosphate (NaH 2 P 04 -HaO), 13.8 Gm., per 100 c.c. of solution. 

Color Reagent: N-( 1-naphthyl) ethylenediamine dihydrochloride,* 100 mg., 
are dissolved in 100 c.c. of water and preserved in a dark bottle. 

Stahilizing Solutions: P-toluenesulfonic acid monohydrate, t 75 Gm. are dis- 
solved in water and decolorized by boiling wdth Norit A|: decolorizing carbon. 
The filtered solution is diluted to 500 c.c., and 10 Gm. crystalline citric acid are 
added. After the present work was partially completed, it was noted that the 
use of p-toluenesulfonic acid is rather expensive for routine hospital work. Two 

From the Department of Biological Chemistry. University of Maryland, School of Medicine. 
Aided by a grant from the Bressler Alumni Research Fund. ■ • 

Received for publication, Jan. 30. HUB. 

•LaMotte Chemical Products Co., Baltimore, Md. 
tEastman Kodak Company, Rochester, N. T. 
tPfanstlehl Chemical Co., Waukegan, Rl. 


G95 


nirrnBMiXATioN or suoroNAMiDrs ijc tunciStic acid ncoon kictratj.s 

per coni citric acid in N/5 ^^SO^ was then found to constilulo a Hatisfactory 
stabilizing solution for all sulfonamide determinations studied except sulfa- 
thiazole. The dye which sulfathiazolc yields upon coupling with this color 
reagent under these conditions is insoluble, except in the presence of an acid 
such ns p-toluenesulfonic acid or trichloroacetic acid. Hence, for sulfathiazolc 
determinations, the best stabilizing solution found is a 20 per cent p-toluene- 
sulfonic-2 per cent citric acid solution. These solutions are diluted 1 to 1 with 
water for the photoelectric method. 

Standard Sulfonamide Solutions: Sulfanilamide, 1,000 mg., sulfapyridine, 
250 mg., sulfamethazine, 250 mg., sulfathiazolc, 250 mg., and sulfamcrazine, 
250 mg., are dissolved in N/11.4 H;SO< and then made up to 1,000 c.c. unth the 
acid. ‘While water could be used for these standard .solutions, the sulfonamides 
are more soluble in dilute acid. Furthermore, these solutions were also used 
in the recovery experiments to be described later in this paper. One hundred 
milligrams of sulfadiazine is made up to 2,000 c.c. in N/11.4 H2SO4. Appropri- 
ate working standards arc prepared by dilution of accurately mea.sured quanti- 
ties of the stock solutions with distilled water. In routine work all standards 
need not be prepared. The values for the various colorimetric or photoelectric 
readings, except for sulfanilamide, can be obtained from a conversion table or 
standard calibration curve given by a comparative analysis of the various sulfon- 
amides. 

Sodhm Tungstate Solution: A 10 per cent solution is carefully prepared 
by dissolving 100 Gm. in water and diluting to 1,000 c.c. This solution must not 
be too alkaline. Thus, 10 c.c. of the tungstate solution to which 5 c.c. of N/10 
HCI has been added should require at least 4.7 c.c. of N/10 NaOH for neutraliza- 
tion to phenolphthalein. v 


PROCEDURES 


Colorimetric Adaptation of the Bratton-Marshall Method to Tungstic Acid 
Filtrates . — One volume of blood is hemolyzed with eight volumes of N/11.4 
H2SO4.* It is usually well to add an extra drop of N/1 H2SO4. If less than 
5 c.c, of blood were collected in the oxalate bottle, however, a drop of 
5 N H2SO4 must be used for hemolysis in addition to the usual amount of 
N/11.4 H2SO4. One must never neglect this precaution. This amount of acid 
lowers the pH of the filtrate to about 3 to 2.4 and minimizes the escape of 
tungstate ions. The decrease in pH does not seem to interfere with any of the 
routine blood chemistry determinations. The blood proteins are precipitated 
in the usual manner with 10 per cent sodium tungstate. 


•In our hospital this slightly stronger acW Is used Instead of the TC/io tt <30 * 

correct for the alkaUnity of the potassium oxalate IS^ed to prS^eut blo'^d 
cubic centimeter portions of a 2 per cent potassium oxalate and n ^ ner .r.-, 
solution are evaporated to drjmess in small Wtlea and uted for the°‘collectIon of routine blonds® 

Also, the dye will Immediately flocculate. While in ^ «d color, 

oxalate to blood (from 1 to 2 mg. per cubic relation of 

practical In routine hospital •work. ' readily maintained, this ig not 
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Table I. Cojipabison or CoLons Given bv Vabious Sulfonamides 


sulfonamide 

MO. I’Ei: 5 c.c. 

COLOniMETEn 
BEADINO (MSr.) 
SET AT 

coi/ir. 

CONVERSION 

FACTOR 

(PERCENTAGE) 

Snlfamcrazino 

Sulfathiazole 

Sulfamethazino 

Sulfapyridino 

Sulfadiazino 

Sodium sulfadiazine 
Sulfanilamide 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

20.0 

18.5 

20.8 

19.5 

22.0 

24.0 

10.7* 

Hose red 

Hose red (violet tinge) 
Hose red 

Hose red 

Hod (orange tinge) 

Jled (orange tinge) 
Orange red 


Sulfamerazine 

0.05 

20.0 

Hose rod 


Sulfathiazole 

0.05 

18.8 

Hose red (violet tinge) 

100.4 

Sulfamethazine 

0.05 

20.8 

Hose rod 

90.15 

Sulfapyridine 

0.05 

19.0 

Hose red 


Sulfadiazino 

0.05 

21.5 

Rose red (orange tinge) 


Sulfanilamide 

0.05 

15.0* 

Orange red 

133.3* 

Sulfamerazine 

0.025 

20.0 

Hose red 

100.0 

Sulfathiazole 

0.025 

18.9 

Hose red (violet tinge) 

105,9 


•Approximate rcadlnga, ns those solutions Tvcre too orange to match closely. 


To 5 c.c. of the filtrate and to 5 e.c. quantities of appropriate standards are 
added 5 e.c. of the eftric-p-toZuenesuIfonic acid or the eitrie-N/5 H 2 SO 4 stabiliz- 
ing solution* and 1 c.c. of 0.1 per cent sodium nitrite. After tliree minutes add 
1 c.c. of the color reagent and again mix the contents of the tubes. A deep red 
color immediatel 3 ’ develops and should he stable for at least an hour. TJie solu- 
tion should not be turbid nor have a violet ofT-sliade. The standard which most 
closelj’^ matches the unloiown is set at 20 mm. in the colorimeter. 

Five cubic centimeter amounts of the various standard solutions -of the 
sulfonamides were subjected to analj'sis in this manner and then compared with 
each other in the colorimeter. Tiie sulfamerazine preparation was set at 20 
mm. The various colors and readings are given in Table !.• It was found that 
the various red colei’s match each other rcasonabl}' well, except sulfanilamide 
which was too orange red. From the data in this table one can readilj’' obtain 
the necessarj'^ correction factor as compared with sulfamerazine, for example; 
hence, only a single standard need be prepared, except in the case of sulfanil- 
amide. 

JSulfonmiide Adsorption by the Protein-Tungstate Precipitates. — Sulfon- 
amide adsorption in appreciable quantities during blood deproteinization is 
well recognized.-’ “ In the vai’ious procedures which utilize trichloroacetic 
acid or p-toluenesulfonie acid as blood protein precipitants, sulfonamide ad- 
sorption is minimized by increased acidity of the filtrates and blood dilution up 
to from 1 to 50. 

In the following expei’iments various factors which could influence sulfon- 
amide adsorption were studied. Five hundred cubic centimeters of blood con- 
taining 1 flig. of potassium oxalate per cubic centimeter were obtained from a 
donor. Five cubic centimeter portions were pipetted into flasks, and sufScient 


•While the citrlc-p-toluenesulfonlo acid solution was used in most of the experiments re- 
ported in this paper, many of the more vital experiments were checked with the citrlc-N/5 
The values always checked closely, however. While the color obtained in the latter 
JAiutions was slightly more orange red, the actual amount of color was the same and the rend- 
oearlv Identical. With sulfathiazole, however, clear solutions were obtained only with 
l^toliienesulfonlc acid which dissolves the dye. . Trichloroacetic acid can also be used but does 
satisfactory. If considerable quantities of tungstate Ions are present in the nitrate, 
due to excisf oxafate m the blood, even a large excess of citric acid does not protect against 
their interference In the reaction. 
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quantities of the standard sidfonninide solutions in N/31.‘i %verc added 

in order to obtain a scries of bloods rangiii" from 2.o to 30 mg. sulfonamide 
per 100 c.c. of blood. Then sufficient X/ll.-l UsSO^ was added to bring the 
amount of acid up to *10 c.c, in each case. After adding a drop of N/1 IIiSO<, 
each flask ■was swirled gently for several minutes. Then 5 c.c. of 10 per cent 
sodium tungstate were added slowh- with shaking’. The fla.sks were .shaken 
for several minutes. The contents wore poured onto Xo. 1, 12. .5 cm. "Ahatman 
filter papers.' The complete hemolysis, prccipitation-s, and filtrations were car- 
ried out at approximately IS, 2G, and 33“ C., respectively. The filtrates were 
then analj'zed for their sulfonamide content as previously outlined. 

The results obtained from thc.so experiments proved that .sulfonamide ad- 
sorption is not only considerable but A'arios with the natui’c of the sulfonamide 
as well. However, the percentage recovery in the filtrates for any one sulfon- 
amide is consistent and independent of its concentration in the blood. Hence, a 
factor can be used to obtain the correct value in each case. 'Thus, the percent- 
age recovery at 26° C. for sulfanilamide is SS.3; .sulfadiazine, 75.7,- sodium 
sulfadiazine, 75.8; sulfamerazine, 75.S; .sulfamethazine, 76.1; sulfapyridine, 
74.4; sulfathiazole, 56.7; and .sulfacetimide, S3.S. Similar values are obtained 
when 2, 3, and 4 c.c. of blood are deproteinized. The recoverj’ values are 
slightly higher (from 2 to 6 per cent) Avhen the bloods are deproteinized at ap- 
proximately 33° C. and slightly lower (from 0.5 to 2 per cent) at 18° C. It i.s 
ob'vious that the degree of adsorption does not parallel sulfonamide solubility. 
Adsorption of conjugated or acetylated sulfonamides was not studied. Other 
experiments showed that dilution of blood up to from 1 to 40 does not result 
in complete recovery of the drug. This loss is not due to inhibitory factors 
in the tungstic acid filtrates nor do sulfonamide-free filtrates jneld appreciable 
color blanks. 


Carryer and Osterberg' foimd that 20 per cent of the sulfathiazole added 
to bile was adsorbed when filtrates were prepared -with potassium hydroxide 
and zinc sulfate. Davis® has recently shown that the albumin of plasma appre- 
ciably binds the sulfonamides. In the present experiments it was also found 
that the protein content of blood may undergo considerable depletion, up to 35 
per cent, before an appreciable decrease in sulfonamide adsorption is observed. 
In such eases, however, it is well to decrease the sodium tungstate by about 10 
per cent to assure satisfactory filtrates. - Also, 2 or 3 c.c. portions of sulfon- 
amide-containing bloods were hemolj-zed at different pH by adding an extra 
drop of sulfuric acid of varjung strengths. The bloods- were then^deprotein- 
ized and anal.vzed in the usual manner. It -was found, however, that but a 
slight decrease in sulfonamide adsorption (from 2 to 6 per cent) occurs as the 
pH of the filtrates drops from about 3.7 to 2.4. 


* ^ h&tin 3iii filter pfloer ma.niiffif'tiirprl Tw tkt f x> x ^ 

land. Including the acid treated No. .^0 anl ^40 ^ ^ Balston. Ltd., Eng- 

paper made by Fisher Scientific Co., Pittsburgh qualitative filter 

same percentage sulfonamide recovery - yielded the 
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Tablk II. Kelation oe Color Intensitv to Amount of Sulfonamide (Calidkation Curves) 


amount of 
sulfonamide 
(ftO PER 2 c.c.) 

readings on THE KLETT-SU.MMERSON PHOTOELECTRIC COLORIMETER FOR VARIOUS 
SULFONAJtIDES WITH THE MODIFIED BRATTON-JIARSIIALL PROCEDURE 

sulfa- 

nilamide 

SULFA- 

TIIIAZOLE 

SULFA- 

PYRIDINE 

SULFA- 

DIAr.INE 

SUI4FA- 

MF.llAZlKF. 

SUIiFA* 

JXETHAZIKK 

50.0 

801 

520 

551 

550 

520 

484 

25.0 

398 

2G8 

280 

274 

265 

243 

12.5 

201 

136 

141 

140 

133 

123 

6.25 

101 

69 

71 

70 

06 

63 

3.125 

50 

34 

30 

30 

33 

31 

1.503 

24.5 

17 

18 

17 

10 

16 


Photoelectric Adaptation of the Bratton-Marshall Method to Tungstic 
Acid Filtrates. — Two cubic centimeters of tlic filtrate, 2 c.c. portions of appro- 
priate standard sulfonamide solutions, and 2 c.c. of distilled water are each 
diluted with 5 c.c. of the citric-p-toluencsulfonic acid or the citric-N/5 H 2 SO 1 
stabilizing solution (which has been diluted 1 to 1 with water). Add 0.5 c.c. 
of 0.1 per cent sodium nitrite. After thi’ce minutes add 0.5 c.c. of the sulfa- 
mate buffer solution. Mix, wait for three minutes, and add 0.5 c.c. of the color 
1 ‘eagent, A deep red color develops immediatclj' and remains clear and stable 
for at least an, hour. Turbidity and a violet off-shade with consequent low 
readings indicate an excess of tungstic acid ions in the filtrate. The instru- 
ment is adjusted to zero reading with the water blank. The readings in the 
present experiments were made about three minutes after color development 
in a Klett-Summei'son photoelectric colorimeter. It contained a green No. 54 
filter which came with the instrument. 


Table III. Cosiparative Analysis o,f sulfonamipe-Containing Bloods (Jfc. Per 1 00 c.c.)* 





ANALYSIS OF 

TUNGSTIC ACID 




BRATTON- 

BLOOI> FILTRATES BY THE 

HOSPITAL VALUES 



JfARSirALTi 

MODIHED BRATTON-MARSHALL 

BY PHOTOELECTRIC 



COLORIMETRIC 

METHODS 

BRATTON-JIARSHALL 

NUMBER 

SULFONAMIDE 

PROCEDURE 

COLORIMETRIC 

1 PHOTOELECTRIC 

METHOD 

1 

Sulfadiazine 

28,5 

28.9 

29.0 


2 

Sulfadiazine 

12.0 

11.6 

11.5 


3 

Sulfadiazine 

9.0 

8.9 

8.7 


4 

Sulfadiazine 

3.6 


3.2 


5 

Sulfadiazine 

• 1.1 

1.3 

0.8 • 


6 

Sulfathiazole 

52.2 

53.5 

48.3 


7 

Sulfathiazolo 

24.0 

24.1 

24.0 

21.0 

8 

Sulfathiazole 

' 13.2 

13.6 

14.2 

12.5 

9 

Sulfathiazole 

6.0 

6.5 

6.5 


10 

Sulfathiazole 

3.2 

2.S. 

2.9 

3.2 

11 

Sulfapyridine 

19.5 

21.5 

18.9 


12 

Sulfapyridine 

9.6 


9.3 


13 

Sulfapyridine 

3.0 

. 3.3 



14 

Sulfapyridine 

1.7 

1.4 

1.9 

1.5 

, 15 

Sulfamerazine 

16.7 

18.7 

16.8 

17.5 

' 16 

Sulfamerazine 

10.5 


10.1 


17 

Sulfamerazine 


7.6 

7.5 

7.3 

18 

Sulfanilamide 

19.0 

18.8 

19.0 

19.4 

19 

Sulfanilamide 

9.4 

9.4 

9.0 

9.5 

20 

Sulfanilamide 

3.2 

3.3 

3.1 

3.5 


•Individual standards were used lor each sulfonamide determination. The values obtained 
with the methods on tungstic acid filtrates were corrected for sulfonamide loss during de-' 
protelnlzation. 















UETEHMINATION OF SUU’ON'AMtDfSS IN' TONGSXlC ACID Ur^OOD FlDTHATF^ 6D9 

The blood values may also he obtained from a calibration cun'e obtained 
by analysis of a scries of standard sulfonamide solutions ns previously described. 
The data for a number of the more common sulfonamides, given in Table II, 
indicate that the relationship between the concentration of the various sulfon- 
amides and the intensity of color is linear between 2 and 50 /ig per 2 c.c. of 
solution. By proper correction for sulfonamide lo.ss during deproteinization, 
values expressed as milligrams per 100 c.c. of blood may be obtained directly 
from the Klett-Summerson readings. 

Comparative Anahjsis of a Scries of Snlfommidc-Coniaining Bloods . — 
A number of bloods from patients undergoing sulfonamide therapy were ob- 
tained from the hospital laboratory. These bloods had been previously ana- 
lyzed by the regular hospital laboratorj' staff, using the well-known Bratton- 
Marshall* photoelectric procedure. They were then analyzed by the new 
methods as adapted to tungstic acid filtrates and by the regular Bratton- 
llarshalP visual colorimetric procedure. The results are given in Table III 
and indicate that the values given by the various methods are in .satisfactory 
agreelnent. 

SnjIMART 

The colorimetric methods of Bratton and Slarshall’ for blood sulfonamides 
have been adapted to tungstic acid (Folin-'Wu) blood filtrates. Various fac- 
tors which influence these methods have been studied. Comparative analyses 
of bloods from patients undergoing sulfonamide therapy were made by various 
procedures, and the values obtained were found to be in satisfactory agree- 
ment. 

The author Trishes to acknoivledge the helpful cooperation of Dr. Marie Andersch and 
the various members of the tTniversity Hospital laboratorj staff. The 'Winthrop Chemical 
Company, Inc., New York, N. T., Schering Corporation, Bloomf eld, N. J., Mead Johnson and 
Company, Evansville, Ind., and Sharp & Dohme, Inc., Qlenolden, Pa'., made generous gifts 
of sulfonamides for which the author is very grateful. 
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A SBIPLY CONSTRUCTED MElYiBOLISJI CAGE FOR SMALL RATS 


E. C. Slater, M.Sc., and C. C. Kratzing, B.Sc. (Hons.) 
Canbehra, Au.stralta 


I N CONNECTION with studi&s of the metabolism of some of the vitamins of the 
B group, it was necessary to collect urine quantitatively from a small rat, in 
such a way that there was no contamination of the urine by feces or food. It 
was also necessary to bo able to measure the actual food consumption, either 
Avith ad lib. or A\ath restricted feeding, and to feed small known amounts of food 
to the rat in such a AA’a}’ that all the food given could be consumed. 

A Hopldns metabolism cage,® modified in such a way as to allow the rat to 
obtain small amounts of food quantitatively, was found to fulfill all these require- 
ments. 

The metabolism cage is illustrated in Pigs. 1 and 2. As shomi in Fig. 2, 
the cage groper. A, fitted witli a feeding tube, R, and a water bottle, C, rests in 
a stemless filter funnel, D. A beaker, E, containing a small Erlenmeyer flask, 
F, fitted Avith a conical glass bulb, G, is placed so that the tip of the bulb is 
directly beneath the funnel. 

The cage is made of Avire or tin and may be of any appropriate size de- 
pending on the size animal to be used in it. The floor is made of 22 gauge 
galvanized Avirc mesh soldered on to the outside. The lid is made to fit OA^er the 
outside, and a AA’ire rest is attached for the AA'ater bottle, C, the glass tube from 
which is led through the lid and extends a fcAV niches into the body of the cage. 
The hole cut out of the side of the cage for tlie feeding tube is IY 2 inches in 
diameter, with the center approximately 1% inches from the floor. A copper 
Avire about 10 inches long and bent so as to form a circular support for the 
feeding tube is soldered to the cage on both sides of this hole. 

The feeding tubes, B, AA'hich are made from test tubes, are in tAvo sizes: 
size A, from 0.94: to 0.95 inches in internal diameter, approximately 3 inches 
long; size B, from 1.08 to 1.12 inches in intemal diameter, approximately 4.5 
inches long. 

The tubes are flanged as shoAA'n in Pig. 2 and are clamped in position bj^ 
means of the Avire support Avhich can readilj’’ be bent into shape Avith the fingers. 
The tube must be held finnly. 

■ The diameter of the opening of the funnel should be at least .% inches to, 
prevent blockage by solid material. The bulb, G, Avhich is bloAATi from vsoft 
glass tubing, is about IY 2 to 2 Inches in diameter and 2 inches high, with a 
stem from 1 to IY 2 inches long fitting into indentations made in the neck of a 
100 c.c. Erlenmeyer flask, F. The stem is ground into the indented neck of the 
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flask by means of emery powder and glycerin ; in tliis way, tlic bulb is attaclied 
rigidly to the Erlcnmeyer flask. The indentation? in the neck allow the urine to 
run into the flask. 

The distance between the funnel and the top of the bulb should be just 
sufficient to allow feces to fall away; if it is too great, liquid tends to splash off 
the bulb. The shape of (he bulb is most important ; it .should be peaked, with 



Fig’. 1. — ^Assembled cage. 

Fig. 2.— Cross section ol assembled cage through central a-ric 

Steep but not vertical sides which should merge gradually into the stem so that 
liquid runs down the stem and does not drip from the bulb. 

The dimensions of the feeding tubes should be such that the rat can reach 
the bottom of the tube, but only with difficulty. With such a tube, the rat is 
unable to remove food from the tube with its paws ; if the tubes are made larger. 
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the rats in variably, shovel the food into the cage with their front paws. It was 
found that size A was suitable for rats weighing from 20 to 40 grams, and size 
B was suitable for rats weighing from 40 to 80 grams. A larger feeding tube is 
necessary for rats weighing more than 80 grams. 

In this type of cage, the nature of tlie food mixture given to tlie rats is 
important. If a dry powdeiy mixture is used, considerable scattering occurs, 
occasionally causing blockage of the funnel. To prevent this, such a powder 
should he mixed with water to form a thick mash. IVIore suitable types of food 
mixtures are those prepared from sugar, oils, and casein. The large particle 
size of the sugar and the binding action of the oil both tend to prevent scatter- 
ing. A mixture with a high fiber content is undesirable, because the bulk of the 
feces formed sometime.s causes blockage at the month of the filter funnel. 

We wish to express our appreciation to Mr. E. P. Beyliss, F.R.G.S., of the Surrey 
Branch, Department of Interior, for drawing the diagrams for this paper. 



AN BIPR0\T;D I^IETHOD for the DETERiMINATION OF PLASJLA 

PROTHROMBIN 

C. A. Taxturi, JI.S., M.D., and R. F. Banfi, Ph.D. 

BijENos Airis, Argentina 

INTRODUCTION 

M any methods have been employed for tlie clinical determination of the 
prothrombin concentration of plasma. All of these methods are based 
upon the prineiple that in the presence of an optimum calcium ion concentra- 
tion and an excess of thromboplastin the coagulation time of the plasma is related 
to the prothrombin concentration. 

This relationship, however, has been found to be hj'perbolic rather than 
linear, so that the coagulation time is an insensitive measure of prothrombin 
concentration when the latter is high but a sensitive measure when it is low. 
For this reason the original Quick method, which employed undiluted plasma, 
can be considerably improved in accuracy by dilution of the test plasma with 
prothrombin-free plasma. 

It was the purpose of the present investigation to develop a satisfactorj* dilu- 
ent for plasma, a stable thromboplastin preparation, and a procedure for the de- 
termination of prothrombin to be used, for clinical and experimental purpases. 
Although this investigation was carried out using dog’s plasma, the .same pro- 
cedures can he applied to human plasma. 


5IETHODS 


Preparation of Stable Thromboplastin . — In all the methods used to deter- 
mine prothrombin concentration of blood, the coagulation time is notably in- 
fluenced by the activity of the thromboplastin suspension. A stable and uni- 
form preparation of this reagent is therefore necessarj^ to render a technique or 
method reliable. 

The concentration of the thromhoplastic substance in the brains of differ- 
ent animals of the same species is variable; for example, when three different 
powdered hrams of the same animal species were tested against the same dilu- 
tion of dog’s plasma, the resulting coagulation times were 40 , 50 , and 32 seconds, 
respectively. 

Quick prepares his thromboplastin by .shaking brain powder in normal saline 
solution and then centrifuging it or allmving it to settle. The supernatant, 
which is the reagent to be used, has a variable activity because of the influence 
of temperature, intensity of shaking, and completeness of settling or centrifuring 

It was found that these difficulties could be avoided by employing a si 4 en- 
siou of the total brain powder made without centrifuging. 


Re^X“a%^'’puSlfr,.^Fer28^lT4l^^ University of Buenos Aires. 
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Preparation of Tiahbit Brain Powder: Tlio rabbits are Idlled by a 20 c.e. 
intravenous injection of air. Then the meninges are carefully removed and the 
brains repeatedly triturated with anhydrous acetone in order to rapidly remove 
all traces of water. The acetone is evaporated at room temperature, and the 
drying is finally completed in vacuo over sulfuric acid. The dehydrated brain 
tissue (from 50 to 100 Gm.) is finelj' pulverized in a mortar’.so as to obtain a 
uniform powder. This powder is placed in glass ampules in 0.15 Gm. fractions; 
before sealing, the ampules are placed in the desiccator in order to remove hu- 
midity that may have been absorbed during the weighing process. They are 
then closed in an atmosphere of nitrogen. Brain powder prepared in this way 
retains its activity for as long as five montlis. 

Preparation of th<i Powdered Brain Suspension (Throniboplastin) : The 
contents of one ampule (0.15 Gm. of bi’ain powder) are again finelj’ pulverized 
in a mortar. By adding 0.3 c.c. of a 0.85 per cent sodium chloride solution, a 
homogenous paste is obtained and is diluted by four successive additions of 
2 c.e. of sodium chloride solution. The dilution is brought up to 50 c.c. bj" nor- 
mal saline solution, and the suspension is then shalcen and heated for ten minutes 
at 37° C. to obtain a uniform temperature tliroughout. The suspension must be 
agitated bj' shaking or bj' blovdng down the pipette before taking a sample. 


Table I. Influence of Concenti!ation of Brain Powder on Coagulation Ti.me 


brain powder 
(Oii./ioo c.c.) 

coagulation time of dog 'S PLAS.MA 
(SEC.) 

dilutio.n 

I/O 

1 i/io / 

1/20 1 

1/50 

0.0 

10.5 

23.5 

34.5 

78.5 

O.S 

10.5 

18 

S8.5 

40 

0.15 

12 

19 

27.5 

47 

0.075 

10 

' 23.5 

32 

57.5 


Table II. Influence of Tesiperatube on Acnnrv or 0.3 Per Cent Brain Powder 

Suspension 


temperature 
(« c.-) 

COAGULATION TIME OF DOG 'S PLASMA 
(SEC.) 

DII/UTION 

1 1/0 

1 1/10 1 

1 1/20 1 

1 1/50 

37 

! 11.5 

16 

SG.5 

S6 

45 

12 

18.5 

20.5 

40.5 

00 

22 

30.5 

51 

83 

100 

! 23.5 

38 

55.5 

91.5 


The suspension prepared in this way has 0.3 Gm. of pow'dered rabbit brain 
in 100 c.c. of the suspension in contrast to Quick’s preparation which contains 
the supernatant from 3 Gm. of brain powder in 100 c.c. of solution. 

We have found that a higher concentration of the brain powder considerably 
prolongs the coagulation time (Table I). This was first shoivn by Aggeler and 
Lucia. The mechanism of the anticoagulant effect of an excess of thrombo- 
plastin is not understood. We also have found that a temperature of 37° C. 
is the most convenient for obtaining an active, stable, and uniform suspension. 
A higher temperature prolongs the coagulation time as can be seen in Table II. 
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This confinns tlic rcsulfs obtained by Quick relative to the influence of the tem- 
perature on the activity of the thromboplastin suspensions. 

SiahilUy of the ThromhopJnstin: Stock rabl)it i)rain powder prepared by 
the previously de.scribed method has been found to retain its full activity for 
periods as long as five months. Table III sliows the rc.sults of periodic a-ssay.s of 
such a preparation. The assay consisted of using the powder to determine the 
plasma prothrombin level of nonnal dogs maintained under uniform conditions 
and used for no other pui-pose. The results reveal random fluctuations in 
prothrombin level but no trend in a downward direction indicative of progressive 
loss of actinty of the thromboplastin preparation. The random fluctuation is 
due, in large part, to the use of nonnal dog plasma as a source of prothrombin; 
however, had a uniform preparation of pure prothrombin been available, the 
random fluctuation could have been minimized. 


Table nr. Stability of THnojiBOmisTiN Sdspeksio.v Testeu o.v Pl-issia or Co.'rraoL Doo.s 


DOG 

133 

BOO 

134 

DATS 

rp.oTnnoMBiN* 

(Vc) 

DATS 

PF.OTHROilBIK 

(%) 

1 

83 

1 

108 

2 

87 

o 

9S 

3 

81 

3 

107 

4 

88 

4 

94 

5 

97 

5 

95 

7 

100 

7 

105 

10 

86 

12 

114 

15 

93 

17 

105 

20 

90 

21 

101 

2o 

' 90 



26 

104 



29 

92 



36 

95 



45 

90 



Average 

Eange 

88.4 

81 to 104 

Average 

Bange 

103 

94 to 114 




Development and Preparation of a Satisfactory Diluent.—^ satisfactory 
diluent for plasma in the determination of prothrombin must not interfere in 
any way with the coagulation of -the plasma which it dilutes. This means that 
the diluent must contain no prothrombin activity itself, and it must not influence 
the prothrombin level, fibrinogen level, or pH of the diluted plasma. 

The influence on coagulation time and clot fomation of alteration in 
fibrinogen level and pH has been demonstrated experimentally. In Table IV it 


Table IV. Eftect or PiBEiKooEy Coscentratios o.v CoAGtrLAxiox Time 


oxalated 

plasma 

(C-C-) 


0.1 

0.05 

0.02 

0.01 


oxalateb 

SERUM 
(C.C.) 


0.05 

0.08 

0.09 


diletiox 
1/0 
1/2 
1/5 
1/10 


Dilutions of % ana Ijo yield frfaWe cZots;' 
•Thrombin prepared aecordinsr to Eagle technique. 


thrombin* 
1/10 
(C.C.) 


0.1 

0.1 

0.1 

0.1 


COAGULATION 
TIME 

(sec.) 
17.1 
21.4 
26.3 
95 
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TadijE V. lNri.uENCE OE pH on Coagulation Time 


TUBE 

pn 

COAGULATION TIME 
(SEC.) 

DILUTION 1/20 

1 

5.40 

33.5 

2 

0.55 

21 

3 

7.15 

20 

4 . 

7.85 

21.5 

5 

8.2 

22 

6 

9.4 

23 

7 

10.1 

No coagulation at 2 min. 

8 

10.7 

No coagulation at 2 min. 


Table VI. Cojibableon of PnoriinoxtBiN Adsop.bents 


SUBSTANCES 

1 pH OF SUSPENSION f 

pH OP PLASSfA 

1 COAGULATION TIME 


7.2 

7.8 

No coagulation 

COjBa 

8.2 

8.3 

No coagulation 

CO3ZII 

7.3 

8.3 

No coagulation 

(OH),Zn 

8.5 

8.7 

4 min. 

(OH),Al 

8.7 

8.0 

No coagulation ’ 

(OH),Mg 

10.1 

9.1 

19 min. 

(CO-O).Ca 

7.2 

8.2 

No coagulation 

(OH),Fe . 

- 

- 

No coagulation 

SO,Pb 

2.73 

7.6 

4 rain. 

Talcum 



20 sec. 

Kaolin 

- 

- 

45 sec. 


is shovn that dilution of plasma witli nonnal serum, which reduces the fibrinogen 
level, markedly delays the coagulation time of plasma. In Table V it also is 
sliomi that beyond the pH limits of from 6.0 to 8.0 coagulation is markedly inter- 
fered ndtli. This confims the previous work of Mertz and Owen. 

Normal plasma from which prothrombin has been completelj’^ removed 
would appear to offer the best source of a satisfactoiy diluent. A number of 
investigators have used vai'ious procedures for removing protlu’ombin from 
solution, including adsorption on magnesium hydroxide (Fuchs), alumi- 
num hydroxide (Quick), tricalciiim phosphate (Bordet and Delange), and 
barium sulfate (Dale and Walpole). We made a comparative study of these 
and other agents with respect to their effectiveness in removing prothrombin 
from noi’mal plasma and their pH. The substances studied are shown in Table 
VI. All of them were prepared by precipitation, using a large volume of 
water, and then thej^ were washed thoroughl}'. The precipitate obtained Avas 
suspended in a small volume of Avater and tested as an adsorbent of prothrombin. 
In every instance the procedure AAms as folloAA's: 0.2 volume of the suspension 
A\ms added to 1 volume of plasma; the mixture stood for ten minutes at 37° C., 
after Avhich it was centrifuged for ten minutes at 3,000 r.p.m. The coagulation 
time of the supernatant was determined by adding 0.2 c.c. of the thromboplastin- 
calcium mixture to 0.1 c.c. of the supernatant plasma. 

Among the substances tested by us, barium sulfate Avas the most satisfactorj’’ 
because of its neutrality, its almost complete insolubility, and the facility with 
which it can be removed by centrifuging. Furthermore, barium sulfate is much 
more active than the other substances tested regarding its ability to preA^ent 
coagulation. In fact, a sample of plasma centrifuged after being in contact 
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for ten minutes, at room temperature, with 5 per cent barium .sulfate sus- 
pension, docs not clot when thromboplastin and calcium arc added. The plasma 
so obtained is completely clear and has the same pH as normal plasma. 

The barium sulfate in the dried fom also ad.sorbs prothrombin but j-ields 
jilasma Avith some turbidity which is not cleared b}' repeated centrifuging. 

Preparaiim of a 30 Per Cent Barium Bui fate Suspension: This suspension 
is obtained from barium chloride and sulfuric acid. Tliirty-fivc gi’ams of 
crj-stallized barium cliloride arc weighed and di.ssolvcd in 500 c.c. of Aratcr; 
while shaking, a solution of 11 c.c. of .sulfuric acid (.specific gravity, 1.84) in 500 
c.c. of water is added. This is filtered or centrifuged and then wa.shed Avith dis- 
tilled water until there is no further acid reaction to mctiiyl red. The precipitate 
is suspended in 100 c.c. of distilled Avater. The adsorbing property of this 
suspension diminishes if it becomes acid. It may be rcncAved by washing AA-ith 
distilled Avater until a neutral reaction is obtained. Tiie original \-olumc is then 
restored by the addition of distilled A\-atei\ 

Prcperofioii of Diluent Plasma : To 1 volume of osalated pla.sTna 0.2 of a 
A-olume of barium sulfate suspension is added, shaken, and Avarmed for ten 
minutes at 37° C. and then centrifuged at high .speed (3,000 r.p.m.) and de- 
canted. We call this plasma barium pla.sma to differentiate it from plasma 
treated by other adsorbents. It should not coagulate on adding thromboplastin 
and calcivun, for it has no protiu'ombin. The barium plasma is more etficacious 
as a diluent plasma than the alumina plasma of Quick. In Table YII is 
presented the results of an experiment A\-hich demonstrates that the coagulation 
times are shorter by using barium plasma as a diluent as compared Avith the 
alumina plasma. This is due to the fact that some aluminum hydroxide remains 
suspended and adsorbs prothrombin from the nomal plasma. 


Table ATI. Comparative Study of Barium Plasma ax-d Alumixa Plasma 


HUMAN PIASMA I 
(C.C.) 

HUMAN 

' (diluted) 

PLASMA 

1 (c-c.) 

1 COAGUIaATIOS time 
L'S rXG BAPJUM PLASMA. 
ASAPILVENT 

1 (.SEC.) 

\ coagulation time 

USING ALUMINA plasma 
AS A DILUENT 
(SEC.) 

0.02 

0.08 

25 

32 

0.01 

0.09 

35 

92 

0.005 

0.095 

57 

Ko coagulation 


Apparatus, Reagents, and Technique of Determination. —The apparatus re- 
quired consists of a water bath, 0.2 c.c. graduated pipettes divided to 0.001, 
Kahn tubes, test tubes, and a stop watch. 

Pig. 1 shows the water both used b,- m. TIus is composed o£ a Pmx 
beaker of 1 L. capacity (1) and a vessel of bronac (2), 6 cm. in height and o 
cm. in diameter path holes at its base to permit' the free circulation °of water 
The tuba, arc placed in the bronze vcs*I and kept at a constant temperataro' 
A second perforated bronze vessel (3), 6 cm. long and 1.5 cm. in diameter, is 
attached to a flemblc bronze wire of 3 mm. in diametoi this wire permits ihe 
vessel to bo placed ,n any position desired by the operator. The temperature of 
the bath may be regulated by a flame, the siphon (4), and the thennleto (5) 
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The test tube (6) which contains the thi’omboplastin-calcium-mixture and the 
pipette (7) are kept in the batii at 37° 0. in order to avoid any change in 
temperature of tlie plasma. 



The reagents required consist of 0,1 M. sodium oxalate (1.34 Gm. per 100 
C.C.), 0.025 M. calcium chloride (0.28 6m. per 100 c.c.), and the 0.3 per cent 
thromboplastin and 30 per cent barium sulfate suspensions previously described. 
TecJmique of Detefmimtion: 

1 Blood extraction. One volume of sodium oxalate is added to 9 volumes 
of blood. The mixture is centrifuged, and the plasma thus obtained is divided 
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into tAvo portions. One portion is used in the preparation of barium plasma 
and the other kept as i)lasma to be tested. 

2. Preparation of the barium plasma (.see foregoing). 

3. Preparation of thromboplastin-caleium mi.xturo. One volume of thrombo- 
plastin suspension is added to 1 volume of 0.02.1 JI. CaCL solution. 

4. Different amounts of barium pla.sma and plasma to be tc.stcd are allotted 
to different test tubes according to the sebedule shoAvn in Table VIIT. 


Tabix VIII 



•P.Ba., Barium plasma. 
tP.E., Plasma to be testodi. 

tThe Aio P.E. Is prepared by adding 0.05 c.c. of plasma to be tested to 0.45 C.C. of barium 
plasma. 

5AATien testing human blood 0.07 c-c. of P.Ba. and 0.03 c.c. of P.E., arc used, thus 
giving a dilution of 


Table IX. Co.aoulatios Time of Diffekest Dilutioss of Plasma of Normal Dogs 



The determinations at each dilution are made in duplicate. The bariinn 
plasma is altvavs measured out first into each tube to be used so as to avoid - 
possible barium plasma contamination Avith prothrombin plasma. Then un- 
diluted plasma to be tested is added and finaUy diluted plasma to be tested 
(1/10). Special attention must he paid to keeping the outside of the pipettes 
diy and to pipetting aliquots into the bottom of the tubes, since small amounts of 
plasma could remain on the sides of the test tubes. It is also advisable to use 
a different pipette for each plasma. 


The tubes Avith the measured plasma, the mixture of thromboplastin and 
calcium, and the 0.1 c.c. pipettes are placed in the 37° C. Avater bath Each 

S: nd tw" ^ thrombopJScakium ^x 

ture, and the coagulation time is determined by means of the chronometer from 
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the moment the reagent ]ias been added.* The thrombopla.stin-calcium prepara- 
tion should be mixed each time by blowing down the pipette before starting 
the measurements. 

The Relationship Between Coagulation Time (Prothromhin Time) and Pro- 
thrombin Concentration. — In 11)37 Quick and Leu diluted nomal human and 
rabbit plasma with prothrombin-free plasma, prepared by the AUOH)^ method, 
in order to obtain various i-elative concentrations of prothrombin. They were 
able to show that in the presence of optimum calcium and e.xcess thomboplastin 
the coagulation time and relative prothrombin concentration bear an inverse 
hyperbolic relationship to one another. 



0 10 20 3 0 40 50 60 

Coagulation time in secs. 

Pie. 2. 


These experiments have been repeated using the plasma of eleven nomal 
dogs diluted with prothrombin-free plasma prepared according to the pro- 
cedure described herein. The percentages of protlmombin and the observed 
coagulation times are presented in Table IX, and plotted in Fig. 2. 

On examining the graph of Fig. 2 it is evident that : 

1. A change in prothrombin concentration from 100 per cent to 50 per cent 
corresponds to a nearly imperceptible change in coagulation time. 


•■R’nrmntlon of foam must be avoided in order not to miss the formation of the clot This 
■ bv addlne- the thromboplastin-calcium mixture in the following: manner: the 

ninrpd at the bottom of the tube, and then Ita contents are blown out ; at this moment 
witch is started and me pipette is remoyed while continuing the blowing so that the 
itreimVair cin break any foam that may have been formed. 
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2. On the other liand u change in pi-othromI)in from 50 per cent to 2 per 
cent corresponds to an easily measurable change in the coagulation time, 

3. The error due to the measurement of coagulation time is ovenvhclming 
if the coagulation time is loss tlian tliat corresponding to 100 per cent of pro- 
thrombin concentration. 

Let us consider an example : 

1. A tube vrith 100 per cent of protbrombin coagulates in 11.7 .‘■ec. 

2. A tube with 50 per cent of prothrombin coagulates in 12.2 .■jcc, 

3. A tube with 2 per cent of prothrombin coagulates in .18.5 sec. i-IlifT. = 20.3 sec. 


I 


Diff. = 0.5 sec. 


1 



The results clearly show that the estimatim r.-F t 4 .- 

diluted plasma is inaccurate and that the plasma must “SorjTe ZSdt 

thrombin. For this reason dilutions of 1/10 1/20 and , P’"®' 

If the relationship between per cent nmthf v ^ recommended, 
shown in Fig. 2, is truly a hynerbola tho i- i +• ™ coagulation time, as 

the per cent prothr.mbiu and the aoaguli.rrc^t^Te t'aS.1ghTh„? 
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In Fig. 3 


100 


i.s plotted against the coagulation time. It can be 


% prothrombin 
seen tliat the relationship is essentially linear. 

Tlie equation •which best fils the data of Fig. 3 was found to be: 


100 

(/o prodirombin 


= 1.80 (coagulation time) - 20.4 


( 1 ) 


This equation is plotted in Fig. 3 as tlie straight line. The corresponding equa- 
tion for the hyperbola plotted in Fig. 2 is obtained by i-ean’angement of the 
preceding equation -as follows : 


% prothrombin = 


100 

1.83 (coagulation time - 20.4 


( 2 ) 


The values of the constants in this equation varj- slightly with different stock 
preparations of thromboplastin and vary considerablj' for normal plasmas from 
different animal species. For human plasma the follou’ing values have been 
obtained : 


% prothrombin = 


100 

0.555 (coagulation time) - 8.24 


(3) 


Galciilcition of Results: The procedure for the detemination of the plasma 
prothrombin level described herein j-ields a series of coagulation times for the 
several dilutions of plasma employed. It is desirable to convert these three fig- 
ures into a single value representing prothrombin concentration rather than 
coagulation time. Since the absohtto prothrombin concentration is unlcnoum, it 
must be expressed in terms of percentage of normal. This requires the estab- 
lishment of noraial standards. We have used the following procedure for this 
purpose. Using a stock preparation of thromboplastin, detei’mination of the 
coagulation time of many samples of normal plasma at various dilutions are 
made by the method described. This yields data of the kind presented in Table 
IX. These data ai’c then plotted as in Fig. 3, for the purpose of obtaining the 
best fitting linear equation. This equation, when converted to the hjqperbolie 
form, is the standard equation. 

When detenninations are made on unkno^v^l plasmas, the observed coagula- 
tion times at the various dilutions are used to calculate the percentage prothrom- 
bin from the standard equation. These values are then expressed as a percentage 
of the standard values at these same dilutions. Expressed in a fonnula, tliis 
becomes : 


% normal prothrombin = 


Observed % protlirombin at a given dilution ^ 
Standard % prothrombin at the same dilution 


Table 2: 


TUBE 1 

DILUTION 

OBSERVED 

COAGULATION 

TIME 

% observed 

PROTHROMBIN 

1 

% STANDARD I 
PROTHROMBIN | 

% NORMAL 
PROTHROMBIN 

1 


18 , 

7.97 

10 

79.7 

2 


24 

4.25 

5 

85.0 

3 


45.5 

1.54 

2 

77.0 


Average % normal protlirombin 


80 
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If three dilutions arc employed, the resulting three values are averaged. 
An example of such a calculation is shown in Table X, based upon Equation 2 
as the standard equation. 


SUMMARY 

1. A method is described for obtaining a preparation of thromboplastin 
from rabbit brains which retains its activity for at least five months. 

2. A method is described for preparing prothrombin-free plasma by ad- 
sorption on barium sulfate. 

3. Because of the inverse hyperbolic relationsliip between prothrombin con- 
centration and coagulation time, the accurate determination of prothrombin 
in plasma requires dilution of the latter with prothrombin-free plasma. 

4. An accurate method for determining plasma prothrombin based upon 
the foregoing findings is described. 
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ANTISHBEP .AJIBOCEPTOR PRODUCTION WITH ELIMINATION 

, OP RABBIT SHOCK 


H. P. Sawyek, B.S., M.D.,* Moxtgomkry, Ala., axd 
Anne R, Bourke, B.S.,t Washington, D. C. 

T he investigation lierein described was begun in lOIO at the Division of 
Serology, Ai’my jMedical School, Washington, D. C., and completed in 1941. 
At that time this Division wa.s making all the serologic reagents for tlie Regular 
Army. Therefore, anything hindering quantity production was a serious waster 
of time. 

Chief among the hindrances were tlie hea\y losses of rabbits by shock and, 
too often, the presence of agglutinogens or preeipitins in the finished amboceptor. 
Everyone who has had to make amboceptor in any large amount Icnows the con- 
siderable losses of rabbits after the second dose of cells. If this dose is made 
large in the effort to produce amboceptor of a high titer, losses are inevitable. If 
the second dose is lowered, to escape fatal sliock, the amboceptor produced is 
usually of too low a titer to be serviceable. These faults were inherent in the 
injection of the hemoglobin fraction of the sheep cells. Since Vedder' and 
Hadjopoulas' had proved that injection of cell stroma after laldng would 
produce amboceptor, wo decided to tiy some modification of their methods which 
would give a greater yield of cell stroma. The procedure we adopted has been 
used mth perfect success in the Division of Serology for the past five years 
without the loss of a single rabbit. Since this method has been successfully 
tested by time, both in our hands and by otliors, we have felt it wise to offer it 
for wider use. 

Two methods were tried, one by laking the cells with 0.4 per cent salt solu- 
tion and the otlier by using amboceptor and complement to attain that end. Both 
were successful in that they eliminated all signs of shock in the rabbits and 
produced amboceptor of a high titer in ten days. Tlie amboceptor-complement 
method produced nearly twice the amount of cell stroma as did the 0.4 per cent 
saline. Therefore, we adopted the former. 

In following the procedure given in the ne.xt section, it is. stressed that the 
sheep cells must be processed the same day on which the rabbits are to be 
injected. The cell stroma does not keep well in the refrigerator. We timed our 
cell preparation so that we could inject our rabbits immediately, as a rule, but 
it seemed just as effective to prepare them in the morning and inject them early 
the same afternoon. 

PROCEDURE 

Materials . — 

1. Fresh washed, packed sheep cells. 

2. Complement (pooled serum from twenty guinea pigs). 
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3. Amboceptor (tiler of 1:2000 or higher). 

4. Salt solution, 0.85 per cent. 

5. Graduated centrifuge tubc.s, 15 c.c. capacity. 

Method . — 

1. To 1.0 c.c. of waslied and packed .slicep ccjls add 1.0 c.c. of complement 
and 0.3 c.c. of undiluted amboceptor. 

2. Incubate at 37° C. for fifteen minutes. 

3. Dilute to 15 c.c. willi O.S per cent salt solution, inverting gently once or 
twice to mL\. 


4. Centrifuge for five minutes. 

5. Draw off supernatant fluid and set it aside. 

6. Add 15 c.c. salt solution, mix gently, and combine with the supernatant 
set aside in step 5. This completes the hitherto incomplete hemolysis. 

7. Centrifuge at high speed for thirtj- minutes. 

8. Draw oft and discard the supernatant fluid. 

9. Add 15 c.c. of 0.85 per cent saline, mix gently, and centrifuge at high 
speed for thirtj* minutes. This removes all remaining traces of complement and 
amboceptor. 

10. Draw off and discard the .supernatant fluid. The residue of cell stroma 
is a translucent, pinkish- or light orange-colored mass, only barely distinguishable 
from the fluid. Care mu.st be taken in all pipetting so that as little cell stroma 
as possible is wasted. 

11. Slake up the packed cell stroma to 1.0 c.c. with 0.85 per cent saline and 
mix gently. 

This forms the initial dose for one rabbit. The second dose, given on the 
fifth day, is 2.0 c.c. The third dose, given on the tenth day, is 3.0 c.c. 

It is not advisable to trj- to handle the sheep cells in amounts larger than 
1.0 c.c. at a time. It is found that using larger amounts invariably produces rela- 
tively less stroma. As our doses are governed by the amount of original sheep 
cells, rather than by the final amount of stroma recovered, ’it is most desirable 
to recover the maximum jield possible. 


The amount of washed and packed sheep cells to be obtained at the start 
depends, of course, on the number of rabbits to be injected. Thus, if five rabbits 
are to be treated, 5 c.c. of sheep cells are to be obtained for the first dose, 10 c c 
for the second, and 15 c.c. for the third. Processing fifteen separate centrifuge 
tubes at a time-takes a little longer than processing one alone. 

The injection is always made into the marginal ear vein. 


Titers of from 1 :4,000 to 1 :10,000 are obtained after the second dose that is 
on the tenth day. These increase only slightly after the third dose, thk is on 
the fifteenth day, to from 1 :5,000 to 1 :12,000. The third dose is rarely needed 

Sex breed, and aae of rabbits apparently play no part in the titer of the 
amboceptor produced. 


Emphasis is laid on the following facts in relation to this method • 
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2. Satisfactory amboceptor is produced in ten days, with only a slight rise 
by the fifteenth day ; in either case this is a great saving of time. 

. 3, Titers produced are high compared to those produced by the packed, 
washed cell method. This is a far from negligible factor, as dilution to an ac- 
ceptable 1 :4,000 strength gives a much greater final yield. 

4. It may be tliought tliat the necessary preparation of tlie sheep cells is an 
unduly cumbersome and slow process. Actually it takes about ninety minutes, 
no matter how many tubes are used. This is a negligible factor in consideration 
of the increased yield and high titer of the product and the saving in rabbits 
and in time devoted to injection. 

5. Finally, amboceptor thus produced gave identical results with standard 
commercial amboceptors made in the usual way when parallel tests were run. 
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A RAPID jMETHOD FOR DRYING OXALATE SOLUTIONS 

J. T. Yax Brugghn, Pn.D. 

Astoria, Ore. 

T he preparation of oxalate tubes for collecting and preventing the clotting of 
blood is in many laboratories and offices a problem of great concern. Sev- 
eral books on clinical procedures recommend that tubes containing the oxalate 
solution be laid flat on a hot plate, rotated, and the contents allowed to splatter. 
Such treatment may cause decomposition of the oxalate preparations. This is 
especially true of oxalate anticoagulants made with ammonium and potassium 
oxalate. Directions usually given with such a mixture specify that the solution 
should be spread in a film over the lower walls and dried in an oven at not over 
50° C. In addition to being a long, tedious process, such drj-ing usually results 
in the formation of large crystals that of course go into solution slowly. 

"We have for some time been using a technique that we feel is most rapid 
and yet gives oxalate tubes with a thin film over the entire inner surface. In 
addition, there is no danger of oxalate breakdown by excessive heat. 

The technique reported is extremely simple and requires only equipment 
available in any laboratory. The method is essentially that of lyophilization. 
The tube to be dried is stoppered with a one-hole soft rubber stopper which con- 
tains a short glass tube of a maximum size compatible with the size of tube used. 
The glass tube is connected to a good grade water pump by flexible rubber 
tubing heavy enough to withstand the negative pressure of the pump. Adjacent 
to such a setup should be a burner or hot plate to maintain a beaker of water 
at from 80 to 100° C. 


DRYING OXUATE SOLUTIONS 


Drying of the oxalate is accomplished by connecting the tube to be dried to 
the vacuum system and putting a maximum negative pressure on the system 
The tube may now be held in a horizontal position by the left hand Repeated 
and rapid snapping blows to the lower part of the tube with the right hand will 
distribute the oxalate over the entire inner surface of the tube The tube should 

occasionally be dipped in the container of hot water to facilitate the evaporation 
of the water in the tube. 


Test tubes or ^all flasks or bottles coutambg as much as from 1 to VU, 
0 , 0 , of osalate solutiou may bo drier iu not oyer 2 or 3 minutes by this technlou? 

• ^h’' fa »>=de for tap 

p^he mater that m distmed, eren mom rapid drying may be aceomplSred 

From the Astoria Extension Eeseamh 

sity ot Oregon Medical School. earch Laboratory Department of Biochemistry, Univer- 
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A. A. A, S, Research Conference on Cancer. Edited l>_v Forest Vai/ Moulton. Pul)lication 

of the American Association for tlic Advancement of Science, Smithsonian Institution 
I Building, Washington, D. G. Science Press Printing Company, Lancaster, Pa., 1945. 

Price $450. Cloth with 333 pages. 

The first A. A. A. S. monograph on cancer research was published in 1930 and was 
entitled Some Fundamental A.spccts of the Cancer Frohlcm. The second volume, A. A. A, S. 
Fesearch Conference on Cancer, like the first volume, records in a mcasuio the status of 
cancer research in 1944. The conference papers are divided into five groups ns follows; on 
the virus approacli, on carcinogenesis, on enzyme.s, on diets, and on chemotherapy. 

The first article is on Virus Infection as an Etiologic Agent of Cancer by P. Duran- 
Rejmals and E. W. Shriglcy. This is an interesting paj)or on the possible role of viruses as 
causative agents of cancer; the authors compare and discuss the viruses that cause cell 
destruction or cell proliferation. The similarity of both necrotizing and neoplastic infections 
induced by viruses arc compared with rc.spect to the influence of genes, Iiormones, and physical 
and chemical agents on their activitj’ as well ns factors n.«.«ocinfcd with age, as in cancer, A 
most interesting phase of this paper is flic section on the viruses in relation to the effects 
they produce with respect to the age and re.sistnnce of the ho.'-t. Tlie section on the funda- 
mental properties of viruses in relation to cancer in which the latency, variation, and masking 
of viruses are discussed is of particular intere.st to those in the cancer field. 

The second paper is on the Virus Production of Mammalian Tumors by A. Taylor and 
A. Kynettc. In this paper, the authors describe completely their work on the transmission of 
mammary tumors in mice from cell-free filtrates attained by use of the yolk sac technique 
for growing tumor tissue. Both Bcrkcfeld filtrates and dried material from tumor-bearing 
eggs were capable of producing malignant tumors when injected into mice. However, ropro-. 
ducible procedures had not yet been developed, and flic number of results obtained with 
Berkefeld filtrates was only positive in three cxi)eriments out of sixty, and the tumors pro- 
duced as being of viral origin are open to question according to the following papers: At- 
tempts to Demonstrate a Virus-like Principle in Mammalian Tumors by the Yolk Injection 
Technique by W. B. Bryan, H. Kahlcr, and V. T. Riley; Yolk Sac Cultivation and Virus 
Induction of Malignant Tumors by F. B. Heilman; and Virus Induction of Mammalian 
Tumors by G. H. Twombly. 

H. Kahler and W. B. Biyan in the next paper. Characterization and Separation of Some 
Utacromolecular Components in Tumors and Normal Tis.suo, show that the finding of a 
nucleoprotein (ribose type) is not evidence of a virus since both mouse milk containing the 
milk factor and normal tissues contain nuclcoproteiiis of the same type. 

A complete survey on the Inciting Influences in the Etiology of jrammarj' Cancer in 
Mice is given by J. J. Bittner. The three inciting influences (the inherited susceptibility, the 
hormonal stimulation, and the agent transferred in the mother’s milk) which have been 
recognized as causative factors in the production of spontaneous mamraaiy carcinoma in mice 
are described in detail. 

Another paper on the Properties and Nature of the Milk Agent in the Genesis of 
kfammary Tumors in Mice is written by M. B. Shimken and H. B. Andervont. In this paper 
which deals with the biologic data, it is shown that the agent is positive in action and also on 
some of its physical and chemical properties. 

A short note on Nonhereditary Nursing Influence in Leukemia by J. Forth follows. 

The next series of papers deal with carcinogenesis, and the first. Hydrocarbon Carcino- 
genesis by L. F. Fieser to whom cancer research owes much, deals with the correlation be- 
tween structure and activity of the carcinogenic hydrocarbons. The unusual reactivity of 
these carcinogens with other chemicals in vitro is discussed, and from these oharactMistics of 
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the hydrocarbons scvernl hypothcfos arc prcsontod as possildi- explanations for the initiation 
of cancer by the reactivity of these compounds. 

In the Relationship of Pyrrol Coinpoimds to Carcinogenesis, presented by F. H. J. 
Figge, arc discussed three hypothetical factor.s (Factor I, Carcinogenic Steroidal Hydrocarbons 
or Other Compounds; Factor 11, Metabolizing or Oxidizing Agents; and Factor III, Sen-sitiz- 
ing Agents) vrhich interact to produce cancer. The porphyrins hypothetically act as sensitizers 
to carcinogenic stimuli. 

The next article deals with the Time and Site of Origin of the Leukemic Coll by J. 
Forth and M. C. Boon. This study dc.als with the time of origin (during young adult life 
and shortly before the onset of malignancy) and the site, which either may be in numerous 
foci or in one or a few foci, of the leukemic cell in Ak mice. 

A summary of Certain Data on the Production of >ralignancy in Vitro by W. E. Earle 
presents the mode of action of mcthylcholanthrcnc on connective tissue fibroblasts grown in 
vitro in a completely heterologous medium for five years. Cliaracteristics of the untreated and 
treated fibroblasts with respect to the average incrca.'e in the width of the cultures, percentage 
of tumors produced after inoculation in C3n mice, rate of tumor growth in the latter, 
anaerobic glycolysis, distally located Golgi material, and percentage of vascular tissue 
elicited upon tran.splantation arc discussed with relationship to the effect of the carcinogen 
upon the fibroblasts. 

The next article is the Occurrence of Dependent and Autonomous Phases in the Develop- 
ment of Cancer by H. S. Is. Greene. In c.vperimcnts using his well-known technique of 
transplanting tumors to the anterior chamber of the eye, the author postulates that a cancer 
is not malignant unless it will grow hcterologously in that organ. 

A Possible Common Mitochondrial Origin of the Variegational and Virus Diseases in ■ 
Plants and Cancer in Animals is then presented by H, G. Du Buy and M. W. Woods, This 
interesting and thought-provoking paper deals with the variegational diseases of plants in 
which alterations in the mitochrondria or plastids can be followed by metabolic and 
cytological changes in a specific cytoplasmic particulate. The investigations of these authors 
.suggest that viruses may be derived by gradual alterations in normally occurring' cytoplasmic 
components, the mitochrondria. Once the derived mitochrondria or plastial is formed, it is 
self-perpetuating and moreover it contains a ribose nucleoprotein, which is characteristic of 
animal viruses. 


The first paper on enzyme.*, Biochemical Studies of Chemical Carcinogenesis, With a 
Preliminary Note on the Susceptibility to Chemicals of Certain Neoplasms, both Animal and 
Human, by C. J. Kensler and C. P. Rhoads, describes the biochemistry of p-dimethylaminoazo- 
henzene, which produces tumors of the liver in the rat. The results of the fine experiments on 
the inhibitory effect of the metabolites of p-dimethylaminoazobenzene upon a diphosphopyri- 
dine nucleotide from yeast, which ferments glucose, cocarbo.xylase-carboxylase system, upon 
the respiration of liver slices, upon the oxygen consumption of Ever brei, and upon succinic 
dehydrogenase and cj-tochrome o.xidase are of great value for an understanding of the 
process of carcinogenesis. A portion of the paper deals with the correlation of inhibitory 
effects of the split products of methyl derivatives of aminoazobenzene on enzyme svstems and 
cellular respiration with the carcinogenic potency of the parent azo molecule. 


The contribution by J. P. Greenstein on Enzymes in Normal and Neoplastic 
Tissues is a composite picture of the authors excellent investigations on enzyme patterns in 
normal and neoplastic tissues. Using a number of enzymatic activities of normal mon»e 
tissues and neoplastic tissues of the mouse, six generalizations are made comparing the 
enzyme activities of both groups of tissues. The eeneraliznHnnc * i, . . ^ 

exactly the biochemical nature of normal and maUgnant growths ” In a 
author has investigated the enzyme activities of the liver of i i ! . 

regenerating, fetal, and hepatoma and has found that enzj-matic patterns 

of the fetal liver resemble each other more than do patterns of the hepatoma and 

liver. Normal and neoplastic human tissues "c also p^^inTr" 

the response of the tis.sue suspensions to p-phenvlenprl^ • • depending upon 

cytochrome C. ^ phenylenediamine in the presence of an excess of 
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An abstract of Distribution of Enzjinatic Activities in Fractions in Mammalian Liver 
!))’■ A. Claude describes the distribution of cytoplasmic enzymes associated rritli the free 
secretory granules, the mitochondria, the microsomo fraction, and the supemato. 

The Sorologj’ of Cathepsins by JI. E, Mnver and J. W. Thompson is a study on the 
cathepsins, ivhich are endocellular proteinases responsible for the synthesis and lysis of tissue 
proteins, and is obviously of great importance in growth phenomena. 

Reducing Properties of Scrum From Malignant and Nonmalignant Patients and From 
Normal Indiriduals by E. J. Savignac, J. C. Gant, and I. W. Sizer is the next presentation in 
■which the time to reduce methylene blue by the scrum of normal, noncanccrous and cancerous 
patients is discussed. The reducing activity ■was found to be located in the albumin fraction 
and is due to the liberation of sulfhydryl groups by the action of sodium hydroxide. 

In the first paper on diet and cancer, the article B Vitamins and Cancer bj- R. J. 
Williams, the autlior describes the investigations in his laboratory on the content of the 
B vitamins in human and rat normal tissues and in human and rat cancers. 

H. P..Rusch, C. A. Baumann, J. A. Miller, and B. E, Kline then describe their studies 
on Experimental Liver Tumors. The production of tumors on purified diets and the effect of 
riboflavin and casein, biotin, pyridoxine, and lipids on the genesis of hepatic tumors is 
described. 

A note on Some Aspects of Diet and Cancer by A. Tannebaum follows in ■vs’hich the 
author stresses the importance of diet in experimental investigations in cancer of mice. His 
contributions to tliis phase of cancer research should be carefully read by all in this field of 
endeavor. 

The Effects of Therapeutic Agents on Human and JIouso Leukemia by C. M. Fiery is 
the first of five papers on Ciiemotliorapy of Cancer. In the first paper tlie effect of many 
compounds on mouse and human leukemia were tested, and the agents were at best either 
only palliative or ineffective. 

The ne.xt article is on tlie Effect of Various Agents on Normal and Malignant Tissues 
by H, O. Singlicr, C. J. Kcnslcr, and C. P. Rhoads. The Warburg method and the egg tech- 
nique are used to test the effectiveness of various compounds upon normal and malignant 
(issues, . 

The results by Q. O. Gey, M. K, Gey, F. Inui, and H. Vedder on Penicillin Action on 
Strains of Normal and Cancer Cells demonstrate no evidence of an increased tumor cell sus- 
ceptibility by sodium penicillin as compared to normal cells from the results obtained on 
continuous' cultures and on primary cxplants of tumors produced by inoculations of continuous 
cultures of tumor cells. The final notes also deal with (ho influence of penicillin on tumor 
cultures or in tumor tissue. 
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A XUTIUTIOXAL Sn?VKV OF STAFVATIOX IX A GROUP OF 

YOUXG :mkx 

CuAKU-s S. Davidson, .M.D..*’ Boston. JIass.. .Ma.ioi! IIaroia) L. Wilcki:, 
Sn.C., and I'luvATi: Fjust Ci.as:^ Pinixu* -T. KtiiNnu, 

Akmy or Tin: Unitko .Statt-s 

A X OPPORTUXITY was afiordod us during July and August, 1945, to ob- 
scn-c .starvation in a group of German prisoners in a section of Upper 
Austria. Because of the necessarily short time and the availability of only the 
simplest of field laboratory inclhods, the studies were limited. Xevci’theless, dur- 
ing the period of starvation of these men, the amount of food eaten was known 
with considerable accuracy, so that interpretation of the clinical findings can be 
related to a fairly definite food intake. 

The men were seen between two and three months after impri.sonment, and 
during this interval the caloric value of the food eaten varied between G50 and 850 
calories daily (see Dietary histoty under Results). Food eaten before the time 
of capture is not knomi and may not have been entirely adequate, so that before 
the beginning of the period of starvation the nutritional status of these men may 
not have been optimum. 


MATEUI.VLS AND 1IETHOD.S 


One hundred and seventy-one men, appearing to be the mast severely under- 
nourished of a larger group, were chosen for the examination. Most of the men 
had been occupied as hea\ 7 * worker’s until the.v were rrnable to carry on because 
of lack of strength. Roughly 10 per cent of those studied were hospitalized 
1-ecause of malnuti-ition. There was no evidence of tuberculosis or of any acute 
infectious disease iir any of the meir iircluded in this group. 

The men ranged in age from 16 to 61; the average age was -31 (Table I). 
Fifty-five per ceirt were under 30 years of age, and only 6 per cent were over 50. 

The method of conducting the survey was a modification of that developed 
for civilians by the Xutrition Di\ision of the Office of the Surgeon General. The 
food issue was obtained, a brief physical examination was made on each individ- 
ual, and blood hemoglobin and serunr proteins were detei-mined by the .specific 
gravity method of Lowt.v and Hastings.^ Apparatus and materials for these 
determinations were contained in the field laboratory kit developed by the 
Amy’s Medical Xutrition Laboratory. Age, height (in centimeters), and weight 
" (in kil ograms) were recorded and compared with .standards for ’the United 
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Table I. Body Weioiit Reduction’ Below Stakdaed 


NUMBEI: 

KG. BELOAV 
STANDARD 

% MOIX THAN 10 KG. 
DELOW STANDAKD 

All 

171 

13 

70 

tVitli cdoniii 

■J1 

11 

51 

Ko edema 

inn 

1.3 

74 

30 to 20 vears 

C2 

11 

5S 

20 to 20 A’o.'ir.s 

32 

11 

50 

SO to -JO yeans 

00 

10 

82 

50 years + 

11 

15 

82 

Augsburg 

001 

0 

18 

A'iemia 

3,315 

0 

•IS 


States." TIk' mean of tiie deviations from llie American standards of all tlic 
individuals M'as determined. Two additional calculations al.so were made; fimt, 
the percenta<je of all the individuals who were more than 10 ])er cent below 
standard in wei»:ht; second, the iiercentage more than 10 k>z. below standard 
in weight. 

nKsui/r.s 

A. Dietary Uistorv. — It was jio.ssible to calculate with a fair degree of 
accuracy the food intake of the 171 men during the two to throe months 
of starvation, since the quantities of food i.ssued were Icnown, and it ivas impos- 
sible for the men to supplement the ration. We believe that the distribution was 
as even as it could be made, although at times an attempt was made to give the 
workers and those liospitalized for malnutrition more than their equal share 
of the food available. A sample menu is given in Table II. The calculation of 
the diet is only approximate, for the varieties of bread, meat, flour, cbce.se, and 
fresh vegctable.s changed from time to time. The caloric value of the food eaten 
varied between G50 and 850 calories daily during the two to three months 
considered here. 

It may readily be seen that the diet was gro.ssly deficient in calories, chiefly 
from the extremely low fat and carbohydrate content. Protein was low, but it 
may have been of high enough biologic value and sullficient in quantity to main- 
tain nitrogen balance bad the caloric value of the food been high enough. The 
calculated vitamin and mineral intake in the diet is certainly very low, and the 
former is probably higher than that in the food eaten, since most of the food- 
stuffs were cooked together in the form of a soup. 

B. Nutritional Status. — 

1. Gencml AjjjicniYnicc. — Starvation was evident on inspection (Fig. 1). 
Most striking was the extreme loss of flesh, especially of body fat (Pig. 2). The 
usual deposits of body fat were gone, skin was loose, and it showed an almost 
complete absence of subcutaneous tissue. Posture was generally poor with* 
stooped shoulders and kyphosis evident (Fig. 3). Weakness Avas obAUOus in 
many, and actual syncope occurred in several Avhile Availing for physical ex- 
amination. A characteristic lethargy Aims apparent in all of the men, being very 
severe in those appearing most malnoui’islied. Facial expressions Avere dull and 
rarely changed. 
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2. Complaiiiis and Symptoms . — 

(a) Weakness and easy fatifjaljility were spontaneous complaints in 
almost all of the men. They found that .simple ta.sks sucli as arising from bed 
and walking a short distance required much effort, were difldcult to accomplish, 
and produced undue fatigue requiring long jwriods for recovery, llfosl of the 



Fiff. 2. 


men remained in bed or were otherwise witliout activit}’- most of the time. 
Vertigo and s 3 mcope were also common complaints, especiall.y noticeable on 
arising from the horizontal position or when required to stand for even short 
periods of time. 




NUTiUTioNAii sruvr.v or stauvation in oitoiM’ or yoonc* aikn 


72.') 


(b) Piiin in tlio liips. knoos. inn] nnkles, most ]>ronijncntly hi the laiecs, 
Avas an cxtvcuu'Iy connnon complaint but bore no relation to tiie incidence of 
edema. The men observed this when walUin^, and often a prolonircd period of 
rest wa.s required for improvement. Tlie pain appeared to be in the .ioints them- 
sclvc.s. No .ioint aimormalities wci'O observed on physical examination. 

(c) Diarrhea was complained of liy a number of men and wa.s thoucht 

to be noninfeetious in nature, but unfortunately no stool cultures could be done. 
Of the men Avith this comi>laint, many liad .several attacks, lastiinr for a day or 
so, each Avith free intervals of as much as two weeks. . 

(d) Pare.sthesias of the hands and feet Averc frequent complaints. Tliis 
symptom Avill be discussed under Cardiovascular and Delated Phenomena. 



Fie- 3 . 


3. Physical Examination . — 

(a) Measurements: Deduction in weight compared to United States 
standards^ Avas present in all instances, the mean reduction being 13 k<r. 
(Table I). Furthermore, 70 per cent of the men Avere more than 10 kg. below 
the standard. As might be expected, the younger age groups showed the least 
reduction, while of those over 30 years of age, 82 per cent were more than 
10 kg. below the standard. Weight changes similarlv obtained in the cities of 
Augsburg and Vienna are included for comparison. In Fig 4 is shoAAm the dis 
tnbution of the percentage of body Aveight below the standard It raav be seen 
that 40 per cent of the group were more than 20 per cent below the .standard - 
that IS, for a ISO-pound man a reduction of thirty-six pounds or more. 

(b) Integument: 

(1) Pigmentation. A A’ariable amount of pigmentation of the 
skm was seen in many of the men TTio ^ 

V uj. cne men. tue pigmentation Avas most marked on the 
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exposed areas ol' the body, and inosf of liie men )iad fail- skin wiiicJi Ians easily-. 
Nevertheless, cerlain cliaraeteristies of the pigmentation suggested that it was 
not entirely due to exposure. It was deeper in color and often appeared almost 
black. A few men seen elsewhere recovering from starvation showed a desciua- 
mation of ])igmented .skin, leaving a clear noningmcutcd .skin in it.s place. The 
pigmentation was not accentuated in the .skin folds and cn-ascs, nor was it 
observed on tiie mueous membranes of the buccal cavity. 



Fib. i — Distribution of weight icduction below st.indnul e\pic‘-«ed ns porccntncc of st.ind ird 

ot ide.il. 



Pic-. r: Incidence of follicular In peikeiatosis as related to reduction of body weisht beloW 

ssfnn^lnr-rl 





NTTUITIONAI- Sl’UVf.Y Or STAItVATIOK IN CltOCr 01' AOKNC MI'-N 


llil 


(2) Follicular llyi)crkcratosis. Fifly-four patients (32 per cent 
of llio 171 men) were observed to have skin lesions similar to those deseril)cd 
hy Youmans and Corlelte' and others and thoufrlit to he related to vitamin A 
deficieney. The lesions were usi\ally present either on tiie extensor surfaces of 
the vipper arms and fret\ueutly st>read onto the shoulders or on the extensor 
surfaces of the thiahs and luittocks. or. in extreme eases, hotlv the upi)er and 
lower extremities were involved. There was found to he a rounh ])arallclism 
hetwee?! reduction in weight helow the standard and the incidence of follicular 
hyperkeratosis (Fisi. h). Thus, of thase patients who were o k". or less helow 
standard, only 14 per cent sliowed skin ehaimes compared to 43 per cent for 
those from 21 to 2.7 k". helow standard. 

(3) .Sweat •'lands. A phenomenon occasionally seen in woll-noiu-- 
ished individuals was ohserved in the men with pigmentation. Vesicles mea.snr- 
ing from 1 to n mm. in diameter were .scattered over the shouidei-s and upper 
tiunk. They were easily hroken and contained clear waterlike fluid. There was 
no reaction surroundinii these lesions, which appeared to he sweat glands covered 
with a thin memhrane of undesquainatcd skin. The men with these lesions said 
that in the sun other lesions appeared soon after one croj) Avas hroken. 

(4) Other skin manife.stations somctime.s associated Avith defi- 
ciency disease. No instances of pui-pura, typical pellagrous dermatitis, or the 
so-called nasolabial .seborrhea Averc seen. Scurvy Avas not seen. 


(c) Eye, Mouth, and Tongue Changes: 

(1) No instance of con.iunctiAitis was observed. 

(2) There Aveve four men AvUh bilateral circumcorneal injection 
together AAitli apparent ingroAAih of capillaries into the cornea. These lesions 
resembled those described as due to rihoflaAin deficiency.® 

(3) None of the corneal changes related to Aitamin A deficiencA- 
were observed.^ 


(4) There Avas no instance of angidar stomatitis and cheilosis as 
characterized by fissuring at the mouth corners and redness and denudation 
of the lips. 

(5) There Avere only three men Avith change in the color of the 
tongue. In tAvo, it was beefy red in color and in one, purple. None of these 
three shoAved papillary atrophy, but eight men did have moderate atrophy of 
the papillae of the tongue. None of these men Avas edentulous. 

(6) Gingivitis Avas obseiwed in a number of men. but in each 
instance it was associated Avith marked dental caries so that it could not be 
definitely associated with vitamin C deficiency. As already stated, there Avas no 
seur^7^ 


""f Fhnommai JMerate Ii.-potemion 

and matked bradycarf.a naie the mlc (3?is. 6). The pulse rate and blood pres- 
sure nere taken m s.tt.ng position but not at rest, as the determinations formed 
part of an aefve enaunnabon. Thirteen per cent of the men had pnlse rates 
bettveen 20 and 40 per m.nnte; 71 per cent, belmeen 41 and 60, 13 per cenT 
bettveen 61 and SO; and only 3 per eont, above SO. There mas no deSc 
eorreiatton bettveen pnlse rale and reduction in body mcight belotv the stM, 
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The blood pressure decrease was most marked in the systolic i-ather than 
tlie diastolic pressure, ]n’oduciu,i; a diminisiicd ]nilsc ])rcssure. In pcncral, the 
pulse pressure uvis least in those men whose body weight was the greatest below 
the standard (Fig. 7). 

Measurements of basal oxygen consumption were not possible. Realizing 
tlie inherent inaccuracies, calculation of the metabolic rate from Head's formula 
was done in thirty-two patient.s who, of cour.se, were not under basal conditions. 
The metabolic rate so calculated ranged from -10 to -no per cent, with an aver- 
age of -28 per cent. 

A phenomenon resembling acrocyanosis wa.s obsen’ed in the .skin of the 
hands up to the lower forearm (Fig. S) and in the feet to just above the ankle. 
On a cool morning, these areas, particularly the hands, were cold to the touch 
and presented a mottled cyanotic appearance. During the warmer part of the 
day, the cyanosis sometimes gave way to a mottled reddish flushing, but the 
hands were still unusually cold to the touch. * In a few instances there was a 
bro^^^lish pigmentation and occasionally a fine dc.squamation of the skin over the 
same areas. 

Tliis phenomenon rcscmblins acroeyanasis was observed in 75 per cent 
of the men and generally was most marked in those patients witii the greatest 
reduction in weight below the standard. 

Sixty-five per cent of the men with the aerocyanotic appearance of the hands 
and feet complained of pare.sthcsias consisting of numbness, tingling, or a 
burning sensation, most marked in the fingertips and toes but often extending 
into the hands and'fcct and even occasionally to the forearms and lower legs. 
Paresthesias of this variety were present in 24 per cent of the men examined. 
The aerocyanotic phenomenon suggested that the paresthesias were largely on a 
vascular basis rather than associated with peripheral neuritis or cord changes. 


(e) Extremities: 


(1) Nerve lesions. Calf muscle tenderness was obsen-ed in onlv 
three instances. There were two individuals ■\\-ith possible peripheral nerve 
palsy, one with peroneal palsy, unilateral, and the other with absent knee jerks. 
There were no other signs of thiamine deficiency in these two men. In all others 
the knee jerks and mbratoiy sense tested at the base of the great toes were 
present and apparently normal. 


(2) Strength of grip. The ergometer ivas used to test the streno^h 
of the men in twenty-four instances. Each was given three trials • almost with^t 
exception, the first trial was the best, the second was much weaker and on the 
third trial many of the men could barely move the needle. The best readin- of 
the three was taken m each case and was essentiaUy normal for the machine i^ed 
Significant only was the marked reduction on the second and third trials' 
1 11 rdccrations. A number of the men had one or more leor 

ulcers usually on the lower third of the leg. They were generaUv clean but 
until ht le evidence of giunulation, and had a’ piinched-o^t appearanr’i^S 

mg dcsioss ot dependent edema- (Pig. 9 ), Many othere mho°M lem‘fa M 
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Stilted tliilt tliey liad swelling of (he feet and ankles when they were up for an 
hour or so and that it as rajiidly vjinished when they reclined iigain. No sacral 
edema was seen. 

The edema was of a soft, easily pitting character, iilways seen in the feet and 
ankles and .sometimes iis fiir up as (he thighs. Only one man was .seen with 
edema of the anterior abdominal w;dl. Several li;ul evidence of jiseite.s, as ivell 
as advanced leg edenm. lideiim of the face was oceasionidly seen and was most 
obviou.s in the eyelids, iilthougli many men volunteered that their face and eyes 
were swollen on iirising in the morning. 



FiK. 9. 


In general, the men witli edema were of middle iige, the young and the old 
being spared to a large c.vtent. The mean reduction below the standard for 
body weight in persons with edema was 11 kg. (17 per cent) in contrast to 13 
kg. for those ivitliont edema (Table I). Two factors appeared to account for 
the smaller reduction in weight. First, (he body weight included a variable 
amount of edema fluid. Second, the men Avith edema often appeared to be better 
nourished than those ivithout and were more likely to be of the stocky muscular 
type of build. In addition, there were many men with evidence of extreme 
Aveight loss but Avithout any evidence or history of edema. 

Fifty-one total serum protein determinations were made, eighteen of them 
on men Avith edema, Aidth an aA'erage of 5.7 6m. per 100 e.c. and Avith the loivest 
of 4.0 6m. per 100 e.c. Tliirty-six per cent of the scrum proteins determined 
AA'ei'e 5.5 6m. per 100 e.c. or beloAA'. Of (he men AA’ithout edema only 20 per 
cent Avere 5.5 6m. per 100 e.c. or beloAA% AA'hile of tliose Avith edema 47 per cent 
Avere in this Ioav range (Fig. 10). Thus, AA'hereas there Avere many men Avith 
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cdeiiiii and normal i>r()toin.s and men willi low proteins and no edema, there Avas 
a definitely lii^her pereentaire of liypoproteinemia in those Avitli edema. There 
was no correlation between weight rednetion below the standard and .sernm 
protein concentration. 

Sijins Avhicli mijilif be interpreted as indicatin" a deficieney of one or more 
of the members of tlic vitamin B complex were vei-y few and were generally 
distribnted evenly among thase with and without edema. Most men with a 



Fig. 10. — Incidence of edema in relation to serum protein level. 


significant amount of edema complained of pain in the feet and ankles, and two 
of the three men with calf muscle tenderness had edema, suggestin*^ a possible 
thiamine deficiency in these two men. Other than this possibility, there seemed 
to be no evidence pointing to vitamin deficiency as a cause for edema. 


(g) Anemia: Sixty blood hemoglobin determinations and eiu-hteen red 
blood cell counts were made. Only two men had hemoglobin concentrations 
below 10 Gm^per 100 c.c., or 61 per cent. Bed ceU counts were not done on 
these men. Eight of the eighteen red cell coimts were below 1 million per 
cubic millimeter, but only one was below 3 milUon (2.9 million). This man had 
a hemoglobm concentration of 79 per cent and thus a color index of 1 4 This is 

« » fiom 0 8 .to 1.1. Thus, it can he said that anemia iras uncommoii and 
»hcn presmt uas more likely to be normoeytic and normoehroraje than hyno- 

those Without. There was no definite correlation between reduction of hodv 
weight below standard and the hemoglobin concentration. ^ 
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COMMKNT 

SlaiTJiJion Dnd JDfilmiliifion jiuiy be exliibifed in (jiiilo n vjii-iely of ivays in 
different individvnds, deiiendiii" on I)ody stores of nutrients, environmental eir- 
einnstanccs, and wliat foods aj-e available for (;onsinnj)tion, ytarvation is primarily 
a deficiency of calories ■which residls in a ])rolein deficiency, because the body 
uses protein for calorie purjmses. t'ifainin deficiencies, ])arlicular]y those of the 
water-soluble vitamins, may not be ex{)ected to be fi'criuent iji starvation because 
of the Rcnoral decrease in metabolism. 1'hc men observed in this study had 
food intakes which showed evidence of deficiency almost exclusively of calories 
and protein. 

Certain of the observatioiis rcfiuii-c sjmeial comment. 

1. Pigmentation. It may be tliat the general skin j)igincntation and related 
skin changes described wei-e related only to exj)osure, but the distribution, in- 
tensity, and tendency to de.squamation during recoveiy lead one to believe that 
other factors were conceiaicd. There was no resemblance to the jjigmenta- 
tion of adrenal insufficiency or to pellagrous dermatitis. It is our opinion that 
the skin clianges repre.sent a slowing down of the usual skin replacement and 
desquamation, just as other body tissues arc living at a .slowed pace. Thus 
accumulation of .skin rather than normal lU'oduction and desquamation led 
to piling up of skin expo.scd to sun and the element.s. The .same explanation 
may account for the appearance in .some of the men of vesicles repre.scnting 
sweat glands covered by undesquamated skin. The occurrence in these men of 
small, poorly healing log ulcers may al.so represent a .slowlj' reproducing skin 
rather than a .specific vitamin deficiency. The low intake of vitamin 0 in these 
men, however, may have inllucnccd the pigmentation,® the skin changes, and 
also the poor healing of the log ulcers." 

2. Follicular hj'perkcratosis. The incidence of this sign was certainly high 
in these men. The diet was very low in vitamin A, although it was fairly ade- 
quate considering carotene as provitamin A. Tiic extremely low fat content 
of the diet xindoubtcdl.y impaired absorption of carotene and may have hindered 
conversion of carotene to vitamin A. Similar findings are mentioned in other 
reports on starvation. How much tlic lesions were related to a deficiency of this 
vitamin, and, how much to lowered skin productivity as previously suggested, 
cannot be stated categorically. It is notcwortiij’- that none of the eye signs 
described for., vitamin A deficiency Avcrc observed. 

3. Lesions resembling acrocyanosis. Tlie lesions of the liands and feet re- 
sembling acrocyanosis and often associated with paresthesias wei’c at once strilr- 
ing and difficult to explain. Similar changes of a milder degree are occasionally' 
seen in thin' adolescents. Individuals with pcriplieral neuritis as a rule have 
unstable neurovascular mecliani,sms in llie affected parts, Imt thei’e was veiy little 
confirmatory evidence of peripheral neuritis in tliosc men. 

Pai'^esthesias and possible vascular clianges in llio hands liave been ascribed 
to poor posture with drooping sliouldei's and pressure on the brachial plexus.* 
This may in part explain the plicnomcna observed in these men who certainlj' 
exhibited poor posture. Butler and co-workers® reported paresthesias in the 
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ffi’oup of iiitcriiccs they studied, but tlicy did not I'clutc it to jiuy specitie <lefi- 
ciency. Tlic hi"h iueideiice of loss of vibratory scu.se found by these authors 
was not present in the proup of men re{)orted here nor in studies on stai-vation 
in TIollandd'’ 

4. The occurrence of “liunger edema” in 24 per cent of the men appears 
at firat thought to be evidence of marked protein deficiency with liypopro- 
teincmia. This was in part true; that is, there was a higher incidence of edema 
in those witli liypoproteinemia than in those without (Fig. 8). Nevertheless, 
there were a significant numlicr of men with edema but relatively normal .serum 
protein concentrations. This lack of correlation between edema and the sciaim 
proteins in starvation has been ob.served by othci-s.”'' ” Several possible e.vplana- 
tions appear for this. Fii-st, no partition between the albumin-globulin fractions 
was possible in this study, so tliat a hypoalliumineniia may have been masked 
by a hyperglobulinemia. Second, the edema in some of the men may have been 
associated with a thiamine deficiency. Ilowevcr, lack of other evidence of such 
a deficiency, the amount of thiamine in the diet, and the absenee of signs of 
beriberi heart disease make this c.vplanation unlikely. Ecduction in blood 
volume in staiwation also has been reported.*® It has been suggested that this 
may mask a reduction in the total circulating scrum proteins, but it is difficult 
to see how this could be related to edema formation since the plasma osmotic 
pressure is related to the concentration rather than to the total amount of serum 
protein. Furthermore, Keys, in e.\perimcntal starvation in man,** reports only 
a small decrease in total blood volume made up of a proportionately greater re- 
duction in volume of cells and an actual, although small, increase in plasma 
volume. At present the discrepancies between the occurrence of edema and the 
serum protein level need further clarification. 

5. Anemia in these men was definite although not marked. In general it was 
normocjdie and normoeliromic. As with the seimm proteins, it may he thought 
that reduced blood volume masks a more severe anemia. However, the findings 
reported by Keys,** referred to premously, show a relatively greater reduction in 
red cell volume than in total blood volume. 


6. The calculated (therefore, probably ma.vimum) intake of these men of 
thiamine, riboflavin, niacin, and ascorbic acid, during the two or three months 
of starvation, is certainly low. The small incidence of signs classieallv related 
to deficiency of the water-soluble vitamins (B comple.v and C) su-^^sts that 
the intake, although small, was sufficient during this time and with reduced 
calorie intake and general body metabolism to prevent specific deficiencies For 
thiamine, Holt** suggests that between 0.24 and O.M mg. per 1 000 calories is 
protective. The requirements for riboflavin and niacin are less well known but 
the intake in these men at this caloric level and for the time of staiwation was 
sufficient to prevent gross .signs suggestive of deficiencies of these mtamins. 
With respect to ascorbic acid, it i.s known that at least two months is required 
for the appearance of scuny on a scorbutic diet. Thus, Crandon, Lund, and 
Dill,*“ m experimental human seiinw found ttmt , 

before the lesions appeared. ’ were required 
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SUM 51 Any 

1. A luitrilioiiiil survey of 171 diod siiflorinf? from a severe degree of starva- 
tion is rei>orted. 

2. The diet of these men averaged aliout 750 caloric's per man jicr day for 
from two to three montlis Iiel'ore the study. 

3. E.xlreme ■wasting was evident upon insjieetion and was usually associated 
witli lethargy, a stooped ])Osture, 5veakness, and often actual syncojic. Com- 
parison of actual weigiit with data given in standard height and weight tables 
showed that all the men were under the .standard in weight, the average being 
13 kg. below the standard. Seventy jier eenl were more than 10 kg. below the 
standard. 

4. Joint pains, prominently in the kneo-s. were common. 

5. Diarrhea of a recurrent variety was frequently a complaint. 

6. A generalized jiigmentation was ob.served. 

7. Clinical evidence suggesting a deficiency of any of the vitamins was 
lacking except for the following; a high incidence of follicular hypcrkeratosi.s, 
four in.stanccs of cireumcornea) injection, three instances of color cliangc in the 
tongue, and eight instances of ])a pillary atrophy of the tongue. Eye signs sug- 
gesting vitamin A deficiency were not ob.scrved. 

8. A condition resembling acrocyanosis was observed in the distal ex- 
tremities of many of these men and was often associated with paresthesias. 

9. Edema, probably of nutritional origin, was observed in 24 per cent of 
the men. Hypoproteinemia was common but was not present in a significant 
number of the men with edema. 

10. Anemia was not severe, only two men having a hemoglobin concentration 
below 10 Gm. per 100 c.c. of blood. 
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THE ACTION OF TIIIOBIS^IOL® ON THERAPEUTIC 
quartan lilALARIA 

Captain LAWREXcr. I. Kapeax, ^JIedicae Corps, Akma" or the United States, 
IIiETOx S. Read, ]\r.U., Atlantic City, N. J., and 
Frederic T. Becker, 31.0.. Duluth, 3Ilvn. 


S CIIWARTZ3 in 1039, first introducccl sodium hisnnitli fhioglycollate (thio- 
bismol) as an effective agent for reducing the frequency of vivax malaria 
liaroxysms without completely eliminating them. Other ivorkeiN- subsequently 
confirmed the value of this drug in therapeutic malaria. Prior to this investi- 
gative ivork a variety of agents, including small amounts of quinine, arsenieals, 
and intravenous 20 per cent dextrose solution, -vvas used unsuccessfully for 
regulating or temporarily interrupting malaria paroxysms. 

Young, 3IeLcndon. and Smarr’ clearly demonstrated that sodium bismuth 
thioglyeollate in 0.1 or 0.2 Gm. amounts had an inhibitory effect against half- 
grovm Plasmodium vivar parasites. Older or younger parasites ivere not af- 
fected in their series. Paroxysms, which were converted from quotidian to 
tertian periodicity, usually remained tertian for the duration of the infection 
and often through several subinoculations. The use of this dnig, therefore, 
in the treatment of neurosyphilis with therapeutic malaria, allowed a full 
course of therapy without rapidly exhau.sting the patient from daily febrile 
elevations. It also facilitated temporary interruptions of malai-ia when these 
were indicated by minor complications. 

Sodium bismuth thioglyeollate was firet used in quartan malaria by Young, 
3IeLendon, and Smarr.^ in 1943, but no consistent results were obtained. 
Thirty-seA'en injections were administered to nine Negro patients showing 
either one, two, or three broods of Plasmodium malariae parasites. Occasional, 
impredictable interruptions occurred, but no correlation of the patients’ pre- 
vious cycles, the time of administration of the drug, the clinical effect, or the 
effect on the parasitemia was offered. 


Attention Avas directed first to the action of thiobismol on quartan malaria 
at this Xeurosyphilis Center, when an attempt to interrupt temporarily the 
A-ivax parasitemia in a patient e.xperiencing a mi.xed P. vivax and P. malariae 
infection resulted in the drug’s unexpected elimination of the quartan para- 
sitemia Avith little effect on the AUA-ax cycle. In retrospect, it was cA-ident that 
at the time of injection, the vhmx parasites Avere mature and therefore ae' 
cording to previous studies, not susceptible. The action of sodium bismuth 
thioglyeollate on quartan malaria, hoAvever, was further investigated Two 
■nd three d.ily .njeetions, respectively, tvere given to two patients 'tmder- 
going itmrtan tnalar.a therapy. Both experienced prolonged intermptions. 
'v,th elehrile per.od.s lasting for more than .sixteen days. .Since this prolonged 

t:*s, a.. 

•ThiobiPniol, sodium bi'^muth thioglyeollate. 
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effect was not particularly desirable, only single injections of the drug were 
used in tlic remainder of the study. 

The purpose of this investigation Avas twofold: (1) to determine Avhctlier 
sodium bismuth thioglycollatc inhibits half-grown P. mahiriac trophozoites, 
an action similar to that observed in vivax malaria, and (2) to study the 
regulating effect of the drug in irregular quartan malaria cycles, noting espe- 
cially the optimal time of administration for the predictable interruption of 
individual paroxysms. 





XB CXBC XBC XBCABCX 


Fig-. 1. — Exantples of tcinper.ature graplis observed witli the various quartan malaria cj cles. 

MATERIAL, AND JIETHOD 

Fifty-six injections of sodium bismuth thiogtycoUnte wore udmini.sterecl to thirty- 
eight patients (six uiiite, tliirty-two Negro) in tliis series. Tlireo of the tliiobismol injec- 
tions were given in doses of 0.1 Gm. and the remaining lifty-threo in doses of 0.2 Gm. 
Quartan malaria was induced routinely by blood inoculation intravenously with varying 
parasite dosages. Tiie quartan cycles encountered varied from the true quartan cycle with 
one paroxysm occurring every third day to the quotidian quartan cycle with a paroxysm 
occurring daily. The tliiobismol used* was injected intramuscularly in all instances. No 

^ preparation oC Parke, Davis & Company, Detroit, Mich. 
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arbitrary seliodiilo of injection'" wa".- followed, for it was tliouf;lit that chance distribution 
over the period of seventy-two hours from the onset of the main quartan paroxysm would 
reveal more pertinent information. 

Quartan malaria visually produces a Finale jiaroxysm every third day, two daily 
paroxy.sms alternating with one fever-free day, or three daily paroxy.sms with no fever- 
free day. Occasionally, more irrejjular cour.ses with poor delineation of paroxysms may 
occur. The main cycles have arbitrarily been desipnated by most investipators as true 
quartan (one jiaroxysm every three days), double quartan (two paro-xysm« every three 
days), and quotidian quartan (three paroxysms every three days). Those paroxysms ap- 
pearing in a true quartan cycle are usually referred to as the *1 paroxysms or cycle. Para- 
sites causing the -( cycle, that is, maturing during the A paroxysms, were designated the A 
brood. Subsequent intermediate paroxysms on the second or third day following the main 
cycle have been termed the H and C paroxysms, respectively. These different quartan cycles 
with their A, li, and C designations arc illustrated graphically in Fig. 1. Quartan malaria, 
therefore, ordinarily presents one of four types of cycles; A (true quartan), ATS (double 
quartan), CJ (double quartanl, and AISC (quotidian quartan). The ISC tj-pc of cycle, in 
which the main -I jiaroxy.snis disappear later in the febrile period, is rarely seen and was not 
encountered in this series. These cycle descriptions have been employed frequently in this 
paper, since they simplify the subject matter and often Indicate the effects of thiobismol 
more precisely. 


T.vble I. CuKic.u. Effects of Sodifm Bismcth Tiuooi.ycoi.eatf. on Qu.vrtan M-u^aria Bel.vtei) 
Time of Aomixistu-vtion, Age of P.vr.vsite Broods, and Previous Cycles 
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tListed as fractions of maturity, that is. pi. equals half-grown parasites'." 
tlntemiption for from four to eight days with reappearance of the A cycle, 
§ Prolonged interruption for from sixteen to thirtj- days after infection. 
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In contrast to patients with vivax malaria, in whom, at anv particular time there 
are two different age gronps of parasites undergoing schizogony, patients with quartan 
malana present three different stages of parasites at one time. Therefore to determine 
the regulating effect of sodium bismuth thioglycollate in quartan malaria, the growth stage 
of the parasite broods causing each of the cycles must be correlated with the time of ad 
.1 .h. tog. Th.. h.. b..„ i. T.W, 1. b„,. 

The follovnng data was tabulated on each patient: 

1. Dose of sodium bismuth thioglyeollate 

.« -t I-™""!™. p«.r 
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.1. Time of adjiiiiiisfnition of •.odiiim liiMiiiiOi tliiojflycoll.'do. 

•I. Effect oil parnsiteiniii (drop in puraaite eouiit per Piiliic inilliiiieter listed), 

5. Clinical effect, indii'atinir file iiumlier of afebrile days folloiviiifj the injection, the 
subsequent cycle of paroxysms, and the dcsieimtion of eliminated cycles. ' 

(i. The occurrence of an out-of-cycle paro-vy.-'in immediately folloicinff the injection. 


UESUbTS AND IMPCUSSIOX 

Fovly of the fifty-.six in.joelions of .sodiniiv Ifi.smuth lliio^lyeollate were ad- 
ministered to ptitients exporienein<r .-1 cycles only (Ttihle I). Definite clinical 
interruptions occurred in seventeen (42.:") jicr cent) of these forty patieiit.s. 
Two tyiies of clinical effeef were noted. In five jiationts (12..o percent) sodium 
hi.simjth thioolycollate caused a temporary interruption lastin'^ from four to 
eight days, followed hy the tippearance of a B or (’ cycle of paroxy.sm.s with 
the original A cycle eliminated. In the remaining twelve iiiitients (30 per cent), 
of tho.se experiencing definite clinical eflect.s, the temimriiry interruption of from 
four to eight days was followed hy the rca])pearance of the A cycle rvilli no 
intermediate paroxysms. 

Of eleven injections given to patient.s at the time when the A brood of 
parasites was mature, five (4:')..fi j)er cent) resulted in temporary interruption, 
but the A cycle was unafrected and reappeared. Of four in.iection.s given when 
^4 parasites were half-grown, two (ilO iier cent) were followed by temporary 
interruptions with the subsequent appearance of a li or C cycle and the elimi- 
nation of the original A cycle. In the other patients with definite clinical 
effects, A cycles wore also I'emoved when the .4 brood of jiarasites was one-third 
and two-thirds grown, and temporary interruidion. without affecting the A 
cycles, occurred u'hen they were one-sixth and one-third grown. Although it is 
obvious that, in patients with true quartan malaria, a definite clinical effect 
following the in.icction of sodium bismuth thioglycollate can be expected only 
irregularly, the parasites inhibited were unifoi'inly jiartially grown. Little or 
no effect was observed on cycles produced by mature or very young imrasites. 

Sixteen injections of sodium bismuth thioglycollate were administered to 
patients experiencing irregular quartan cycles of the AB. CA, and ABC types. 
Of these, five were given to patients with the AB double quartan cycle. A defi- 
nite clinical effect followed each of tbc.se five injections. In three patients a 
temporary interruption of from three to six days occuri'cd with a true quartan 
cycle (A or B only) supervening. In the remaining two patients there was no 
sustained interruption of paroxysms, but a single paroxysm was removed, con- 
verting the c.vcle to a true quartan one (A or B). Four of the five injections 
were administered when the A jiarasites were mature and the B two-thirds 
grown. The B cycle was removed in each of these instanecs, and the A cycle 
ivas unaffected. One of the five injections Avas given when the B cycle Avas 
mature and the A one-third groAvn, and this resulted in removal of the A c.vcle 
onh'. Although injections Avere given only at these times in the patients Avith 
Ai? double quai'tan malai'ia, partialh' groAA'u trojfiiozoites Avere ahvays inhibited, 
and no effect Avas observed on mature parasites. 

Five injections Avere given to patients experiencing the CA type of double 
quartan malaria, and all of these AA'cre folloAA-ed by definite clinical effects. In 
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three patients prolonged interruption of paroxysms for more than sixteen days 
occurred. Bceansc of the limitation on the patients’ ho.spitalization and the 
fact that they had already completed the prcscrilied com-sc of therapeutic 
malaria, they Avcrc placed on routine atabrinc therapy before the return of 
paroxysms could be noted. In the other two patients temporary interruption 
of paroxysms for from three to four days ensued, and the subsequent cycle Avas 
converted to the true quartan type. These latter two patients received thio- 
bismol when the A parasites Avei-e two-thirds gromi and the C parasites mature, 
and in both instanecs the A paroxysms only were removed. In the three pa- 
tients experiencing prolonged intcrniption, the in.iections Averc given AA'hen the 
A parasites AA'crc one-third groAA-n and the G parasites tAA'o-thirds groAA-n. Thus, 
the prolonged interruption may haA'c been occasioned by the partial groAA-th of 
both broods of parasites Avith simultaneous inhibition by thiobismol. It is prob- 
able that paroxysms Avould liaA'c returned liad the period of obseiwation been 
prolonged further. 

Of the six injections giA'cn to patients e.xperiencing quotidian quartan types 
of cycle (ABC), four Avere folloAA'ed by appreciable clinical effects. One, ad- 
ministered AA'hen the A parasites were mature, the B tAvo-thirds groAra, and the 
C one-third groAA-n, resulted in the elimination of the B and C eyele.s, Avith con- 
veision to time quartan malaria Avith the A cycle only. Tavo of the six injec- 
tions given Avhen the A parasites AA'ere half-groAA'n and two-thirds groAviA, re- 
spectively, resulted in the elimination of the A cycle and eonversion of the 
quotidian coui'so to double quartan malaria of the BC type. One other injee- 
tiou, administered AA'hen the B parasites were half-groAA-n, resulted in the elimi- 
nation of this cycle and the convei-sion to a CA tj-pe of double quartan cycle. 


The remaining tAvo of the six injections, giA'en to patients when the A para- 
sites Avere one-third groAA'n, the B parasites mature, and the C tAA'o-thirds groAvri 
resulted in no clinical effect. Although, on the basis of the prcAious results 
inhibition of the partially groAvn A and C parasites A\'as expected, the failure 
may have resulted from the height of the parasitemia in these patients. Imme- 
diately prior to the injections of thiobismol, the parasitemia in one patient A\'as 
recorded as 17,120 per cubic millimeter and in the other as 33,630. These para- 
site counts were the highest in the entire series of thirty-eight patients. The 
usual parasite density in quartan malaria encoimtered in this series ranged 
from 2,000 to 6,000 parasites per cubic millimeter. In spite of the fact that 
clinical effects were not 'observed in these two failures, the parasitemia was 
markedly affected, AAUth a drop in parasite density within thirty-.six hours of 
the injection to 6,336 per cubic millimeter in one case (40 per cent of the 
original parasitemia) and to 5.670 in the other ease (15 per cent of the original 
parastteniia) This tnrther ertdence would permit one to suppose justiflablv 
the a eltmeal eSeet tvould hare resulted had the parasitemia originally beek 
„ the usually lower level. Thiobismol, therefoie, apparently ha^ a predict- 
able un.fom action reducing the frequency of paro.kysms in doublo 
quartan or quotidian quartan malaria oyete, if the parasitemia, prior to fa! 
.leetion, is below 10,000 parasites per cubic millimeter. . P or to m 
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An analysis of the ofi'oct of sodium bisimitli Ihiofitlycollale on tlie 1\ mdUirkc 
parasitemia further supports tliis eonelusion. Jn Table II is listed the per- 
centage drop in parasite density, correlated with the original height of the 
parasitemia and the presence or absence of clinical effects following injection. 
It is noted that none of the patients experiencing definite clinical effects had 
original parasite counts above 10,000 per cubic millimeter, while five (20 per 
cent) of the twenty-five injections not followed by clinical effects were given 
to patients .showing high parasitemias ranging from 11,120 to 33,030 per cnhic 
millimeter. These high parasite densities, therefore, although they may he 
appreciably reduced by the injection of thiobismol, may not reach low enough 
demsities to occasion clinical interi-uption. It is also interesting to note, how- 
ever, that two cases showing definite clinical effects were not accompanied hy 
appreciable decreases in para.sitcmia. 


Table II. Effect op Sopil'.m Bismuth Tihoolycoliate ox P. jr.\i,.\r.iAE P.uiasitk Be-ssitif-s 
Bel.vtei) to tjie Clixic.u, Effects axd Oana-VAr. Pakasite.mias 
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12 
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31 

11 

0 

5 
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50 


•Drop in puni.sltcmla c.nicuintod n.*? percuntaBe of oriKln.'il pnra.-sitc donsity, tluit i?. drop 
to 5.000 per cubic miliiineter from original dcn.olty of 10,000 per cubic miliimctcr cauuls »0 J’or 
cent drop in para.‘;iteml!i. 


tOriBinnI pnni.oite density in tlmu.sand.s of p.nti.sitos pi-r cubic millimeter. 

In 75 per cent of all instances wlicn .sodium bismuth lliioglycollale Avas in- 
jected on fever-fi'ce daj's, a pai’oxj'sm, usually i-caehing from 102 to 104° F., 
was precipitated within fi'om one to four houi's foIloAving the injection. Such 
an effect Avas, of course, ma.sked wlien the drug w;is administered during the 
febrile episode. The previous demonstration that sodium bismuth thioglycol- 
late in quartan malaria as well as in A'ivax malaria inhibits partially groAVii 
trophozoites suggests that the inliibited parasites may ijrcmaturelj’ break out 
of erythrocytes and cause out-of-eycle temperature elevations. At any rate, 
no correlation between the prccijAitalion of paroxysms and the oeciUTence of 
clinical interruption or reduction in frequency of paroxysms Avas oljserved. 

SUMMARY AND CONCLUSIONS 

1. Fifty-six injections of sodium bismuth thioglycollate in doses of 0.1 
and 0.2 6m. Avere administered at different intervals to thirty-eight patients 
experiencing true, double, and quotidian types of therapeutic quartan malaria. 

2. Only 42.5 per cent of the injections given to patients Avitli true quartan 
malaria Avere folloAved by temporary interruption. IToAA^eA'er, in all of these 
cases shoAving definite clinical effects, only partially (one-third, one-half, or 
two-thirds) groAvn parasites Avere inhibited. 
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3. Eijrhty-sevcn and five-tenths per cent of the injections administered to 
patients with double rpiartan nr quotidian quartan malaria resulted in tem- 
porary interruption and/or reduction in frequency of paroxysms. Partially 
grown parasites were uniformly afi’ected in the.se patients, and no mature or 
very young parasites (less than one-third grown) Avere influenced by the 
injections. 

4. None of five patients with original parasite densities above 10,000 para- 
sites per cubic millimeter responded to sodium bismuth thioglyeollatc injec- 
tions Avith definite clinical effects. Tavo of these patients (12.5 per cent of the 
series of double quartan and quotidian quartan malaria patients) had the 
highest parasite densities in the entire series. In these instances the injections 
of thiobismol Avere folloAved by an appreciable decline in parasite count, but 
no reduction in frequency of imroxysms occurred. 

5. Sodium bismuth thioglycollate appears to be an effective drug for re- 
ducing the frequency of paroxysms and regulating the febrile cycles in pa- 
tients experiencing double quartan or quotidian quartan malaria. Its use may 
enable patients Avith ncurosyphilis to tolerate better complete courses of ther- 
apeutic quartan malaria. 
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THE DISTKIBUTION OF ATABRINE IN TUB BLOOD, 

THE SKIN, AND ITS APPENDAGES 

JIetiiods roK the Rapid axd Simpei: Detection or the Pkisenoe or 
Ataiuuxi: IK Beood, Skik, and Nails 

Kurt Lakgk, i\I.D„ and SIiltok .1, SIatzki-.r, JI.D., F.A.C.P. 

New York, N. Y. 

T he importance of an cffeclivc aiifl safe antiinalarial tlierapy can hardly be 
overestimated. Since the introduction of atabrinc (Qiiinacriiie liydro- 
ehloridc, U. S. P. XII) many attempts have been made to make this drug more 
effective by establishing quickly an elTectivc plasma level for a .siiflicienfly long 
period of time, for we know that it.s plasmodicidal effect in vitro is directly de- 
pendent upon its eoneentration. 

This undertaking, however, is dc])endent upon a reliable method to de- 
tei-mine atabrinc levels in the blood readily. Thi.s would enable one to evaluate 
clinically the feasibility of at least a temporary cure of this di.seasc by establish- 
ing a safe and cRectivo atabrinc blood level. 

The methods used so far have been ratiicr complicated. The older 
methods'''^ are not sensitive enough to permit control of the plasma level during 
suppressive treatment and e\cn not during therapeutic attempts. While the 
studies described in this paper were in progress, Brodie and Udcnfn’end^ pub- 
lished a method which is both sensitive and highly accurate. It is, however, 
a I’ather complicated and detailed procedure requiring the skill of a chemist 
and a well-equipped laboiatory. At the same time Jlascir”' published a method 
which is le.ss complicated, although lc.ss sensitive, but still is i-ather intricate 
and requires considerable laboratory facilities. After our extraction method 
was completed, but unjnrijlislied due to the general ban on publications concerm 
ing malarial therapeutics, a report by Auerbach and Eekerf’ ajipeared which 
described a somewlial similar but improved method. 

Since it is well known that atabrinc may cause an intense yellow staining 
of the skin if taken over long periods of time in suppressive doses or in some 
individuals after one coui’se of therapeutic application, it was interesting to sec 
whether the level of atabrinc in the blood was in any way related to the level 
in the skin which can be determined also by photofluorometric means. The 
Dermofluorometer developed by one of us (K. L.)' for the pui’pose of detemining 
the fluorescein content in the skin after an intravenous injection of this dye 
can be used also muUi slight changes to determine tlie content of atabrine in the 
skirl as long as it is fluoi’cscent. This skin fluorescence also may be obseiwed 
visually by the use of a long-wave ultraviolet light source, thus enabling the 
observer to judge the distribution of atabrine in the skin and its appendices. 

From the Department of Medicine, New York Medical College, Flower and Fifth Avenue 
Hospitals, and the Metropolitan Hospital (Research Unit). 

Aided by a grant from the John and Mary R. MarUle Foundation. 

A naner with essentially the same content was submitted for publication in tlie early part 
of 1944 but was not published on account of the ban on publications on malarial therapeutics 
then in existence. 
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It wis the aim of this invest i "at ion to find a mctiiod for plasma level as 
well as skin level determinations wliieh could he employed at outlyiii" stations 
hv an average laboratory assistant without the need of extensive laboratory 
facilities. At the same time it should be accurate enou"Ii tliat liy the u.sc of Ji 
more sensitive measuring insti-iiment it would be of siiflieient accuracy for 
laboratories with more elaborate faeilitirs. 

PKOCKDUKK 

Froiii Nl to 20 c.c. of venou.'- t)Ioo(l .ire dr.-nvn and f rfin-forred into a ula'-s-s-toppcrcd 
Ijottlc wtiich contains 2 drops of lioparin solution. Plasma and red cells are separated, by 
centrifugation in a graduated tc.-t tube to determine tlie liomatocrit. f<cven cubic centirneter.s 
of plasma arc then pipetted into a gln.c^-.stoppered, no-lub .‘^eparatory funnel of 00 c.c. capacity. 
Two cubic centinietcr.c of 4 X sodium hydroxide solution and 7 c.c. of absolute ether CC-P.) 
are added. If the fluorophotometcr is u.'cd, 14 e.c. of ether are added re.sulfing in a ratio 
of 1:2. The separatory funnel stoppered and .shaken vigorou.sly for four minufe.s. After 
standing ten minutes, the aqueous layer is let off and di.^carded. The .supernatant liquid is 
transferred into an appropriate cuvette which is stoppered to avoid evaporation. 



Fig. 1. Schematic setup ,>[ the optical fluorescence comparator. 


of fluorescence meters may be used in this determination: a fluoro- 
photometer of the d.rect reading tt-pe» with special equipment for small samples or a simple 
visual fluorocompara or recently detased by ns.s The fluorocomparator consist; of a « 
incandescent bulb which casts its light from a close distance through a lens and a filTer of 
Coming glass Iso. oo43 on to a mirror arrangement which ti Z 7 , * 

cuvettes (Fig. 1). The fluorescence thus eS is m j thro ml m 

glasses No. 3.52 plus No. 4303. Alter of Coming 


Lumetron No. 402 EF. PhotovoU Corporation. New York. N. T. 
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I^AXGi: AXn JIATZN'KU 


Tlio ‘s.'imo filter comliimilion !« u‘-c<l in the iluoio]»lioionie((>r. Tlii-- “imrrou band” 
filteriiifj of the «ccom]iiry iiKcr eNchiflC't nnilesired fluore'-eenco of '^uic-lnneo*- oilier than 
atabrino wliicli would othorwi'-o lime to be reniined by eoni])li('ated extraction jiroecdiucs. 

Tlio iiiiKnowu is raiudly read in the instrument again'-t an etlicr extract containing 05 
ganinia atnbiino per cubic coiitinieler xiliicli i-. set to 100 on tlic slide wire. This extract i« 
pioparcd by making a 3:10 dilution of n stock atabriiie solution (50 mg. atabrine in 2,000 
c.c. of pliospliate butler of pll 7.1). Fne cubic centimeters of the diluted stock solution 
aie shaken for four minutes with 25 c.c. absolute ether (C.P.) and sejciratcd ns described, 
-k blank consisting of an ether extract of the preiiously mentioned butfer solution alone is 
set to /eio. Since theie 1ms been a 1:2 dilution in the jireparation of the ether extract, ten 
dnisions on the slide wiio now correspond to 0.1 gjimmn per cubic centimeter. 

The accuracy and spcciticify of the inelliod are shown iu Table T, the data for which 
woic obtained by earrving on the following tonfrol procedures. 


Taiii ) I 
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0 

0 
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0 


Plimiim bpemic 

0.015 gamma 
Unxpccific 




iluorc-cenco 


0 


Pla«nm ictcnc 




0 


0 


PJasm.a liigli 




protein coiifoiif 



The wateij lesiduc was read after the oxtiaction and was found to gi'c the same 
result as plain butlei, indicating that no atabrine was loft in the residue. 

Corresponding amounts of afabiine were added in cacli instance to 30 c c. of plasma 
and 10 c.c of butfer extracted with the ether. Tlic readings were found to bo tho same 
as the loadings of tlie buffer atabrmo solution within the range of ±3 per cent, thus proxmg 
the complete recoxoiy fiom plasma. 

Plasma specimens from ten patients with diffeiciit diseases, espcciall.x wifli higli icterus 
indices and witli bpomia, but no atabrino treatment, wore extracted and the readings were 
found to be equal, or \oij close to equal, to extincts from plain butfer, indicating tliat the 
fluorescence obtained witli this method is specific for atabrine and atabrine dernathes. 

The plasma levels of t\vent 3 '--txvo patients suffering from relapses of vivax 
malaria were studied for their atabrine content during therap.y. It was evident 
after a few observations that the therapeutic plan starting the patients on from 
0.3 to 0.6 Gm, of atabrine the fiist dajb followed b.y 0.2 Gm dail.y for seven daj's, 
entails an iinnecessaiy delaj" in the desirable rise in plasma levels (Fig. 2). Al- 
though the optimal atabrine plasma lexml has not been univei'sally accepted, it 
appears that the maintenance of a plasma level of at least 100 fig per 1,000 c c is 
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(k'sirabb for a ibornprntic ('fl’ect. Tht> ilosc; sboiild br bir-ic enough tf> 

raise tlic plasma eoncontration to that Ijciglit within the first twenty-four liours. 
lilost of the patients obtaining an i7Htial dose of 1.2 Om., followed by 0.6 Oin. the 
.second day, to he followed by 0.3 (!in. throughout the eoui-.se, showed this re- 
sult (1'^ig. 3). This same experience was described by Shannon and his co- 
■workers.'' 

The skin of jiatients under atahrinc treatment is known to assume freipicntly 
a yellowish tint. Since this is related to ataiirinc deposits in tlic .skin, efibrts were 
made to study the degree of fluoreseenec by exciting it with ultraviolet radiation 
of a specific wave length. One may ohsciwc to wimt extent optically active 
atahrinc is deposited in the skin and whether or not this is proportional to the 
atahrinc plasma levels. 



A momiry varoi- Inilb* is covered with « double filter ot Comin- class 
N’o. !iS7. Tins laa.p used by one o£ as (K. !..)■• tor fluoteseem stodL atid 
tound to bo veiy eficctivc to demonstrate traces of fluorescenee.t If this Ion- 
tvave nlfavio et bsht of the main tvave len-th of 3600 Angstrom units is beamed 
on be stm of the patten s dman- or after atabrine frealmont, one trill discover 
that many ofthem, especially under extended t.eatmenl, shotv a specilie greenish- 
^tadebke finoreseenee ot the nails, the palms ot the hands, and the plantae 


•EH 4 General Electric. 

tsuppllea by G. W. Gates and Co.. Franklin Square, L. I, 




dosf of atadrine in 
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ot the foot, while the skin itself appears in a verdigris color. Once thi.s typical 
color is familiar to the observer, he can immediately identify the presence and 
the degree of tlnorosccncc due to atabrine in the .skin. The degree of the 
fluorescence can be measured fpiantitalively with the Derrnofluoroinetcr wliicb 
wc described earlier.' This photoelectric insfnimcnt specifically registers tiie 
flv\ovesccuce in the skin, and the amount of atabrine in the skin can thus be 
measured quantitatively. 

In all twenty-two patients in whom the atabrine plasma level and the .skin 
level were determined daily or at least cvciy other day, no direct correlation 
between those two factore could be c.slablished. While the atabrine content 
in the plasma rose to its highest levels on the second or thii’d day of therapy, 
the skin level in most patients rose slowly day by day as long as the therapy 
was continued. (Fig. 4.) It even continued to rise in the majority of patients 
for from two to five days after discontinuation of the drug, while the pla.sma 
level rctvumed completely or almost completely to zero. It is, therefore, emdent 
that the sldn level oi alalwlne, as detevmiued by the Dermoftnovometev, does 
not correspond to the absolute concentration of atabrine in the blood. We have, 
however, never seen a case in which the slcin level did not rise considerably 
under therapy. It is not necessary to use the Dermofluorometer to establi.sh 
the presence of atabrine in the skin, for it can easily be detected Ausually by the 
use of the long-wave ultrariolet lamp. The presence of skin fluorescence as 
an isolated obseiwation does not permit one to differentiate whether it has 
resulted from present or past administration. 

During therapy atabrine is deposited through the matrix into the nail sub- 
stance, The nail thus assximes an intense jadelike color under ultrariolet 
light if it contains atabiine. By obserring the distribution of fluorescence in the 
nail, one is able to infer the periods during which atabrine therapy was em- 
ployed. The amounts given with suppressive treatment are fuUy sufficient to 
produce the fluorescence of the nail. With cessation of therapy the blood lex-el 
drops to zero and deposition of the drug in the nail ceases, thus permitting 
the nail which is just deposited rmder the matrix to be free of the specific 
atabrine color. Thus in an individual who has gone through several courses of 
therapy or suppressive treatment, one is able to see on the nails, rmder ultra- 
violet light, bands of jadelike color in comparison with the purple appearance of 
the nomral nail. Knowing the approximate speed of .gron-th of the nail, one 
can estimate hoxv long a person has taken the drug and how long he has dis- 
continued taking it. 

• 

The specific fluorescence of the nails under long-wave ultraviolet li^ht 
permits one to state whether or not a person is taking the drug, since in all per 
sons taking atabrine. a deposit xvill appear in the nails. Thirxvould be of im 
portance in regular checks to establi.sh xvhether the personnel is willfuUv faiUn^ 
to take the ordered medication. ' 


STOni.XRT 


1. A rapid sinxple method to determine atabrine levels in the plasma for the 
effective treatment and possible suppression of malaria is desirable. 
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2. A simple oxli-nelion mefhod foi- afabrine fi-oiii plasma using ctlicr, which 
can be eavi-iecl out without elaborate laboratory facilities, is described. 

3. A ])rcviously desei'ibed fiuoroeomparaloi' was found satisfactoiy for 
clinical cslimatious of the pla.sma level of alabrinc, 

4. Skin levels of atahrine can be estimated visually by means of a .special 
small ultraviolet lamp or measured (juantitatively by a ])ho1oe]eclric Deinio- 
fluoromctcr. 

5. Clinical studies in twenty-three patients under atabianc therapy reveal 
that: 

(a) There is no direct correlation of skin and jdasma levels of atahrine. 

(b) The .skin level still ri.ses when the blood level has almost returned to 

zero. 

(c) A different scheme of dosage as suggested originally consisting of high 
initial doses bi'ings ai)out a more .satisfactory curve of blood levels. 

(d) A deposition of atahrine in the nail, detectable by jadelike fluore.seence 
subsequent to its .su])prc.s.sive or therapeutic administration can be ohseiwccl. 

(e) A study of the nail fluorescence discloses whether and with what 
regularity atahrine has l)cen taken. The ])rc.sencc or absence of zones of 
fluorescence in the nails was indicative of the administration or omission of 
atahrine. 

This simjjlc objective observation enables the c.xaminer to cstabli.sh the 
consistency with which the drug was taken under suppre.ssivc treatment. 

We wish (o tuko tliis opportunity to aeknowleUgo our indolifpdno.'i!; to Itc.or Adniir.il 
Eduard U. Reed, Medical Corp.s, United State.*: Xavy, district Jledical Officer of the Tliird 
Naval District, for Iii.*: stimulation and cooperation,' and to the officer.*: of the St. Albans 
Naval Hospital, for their kind collaboration. 
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PYRIBENZA^IIXE (K'-PYRlDyE-NMiENZYE-N-DDIETnYLETIfYLEXE- 
DIAJ^IINE IICl), AX AXTAfiOXIST OF IIISTAJIIXE 


R. L. :\rAYr.K, II. W. ITay.s I). Bi{or.^.sr.AU, D. :MATinr..'<ON-, 
B. Rr.NNlCK, AND F. F. Yon'kmax 
Summit, X. .1. 


P REVIOUS report.s'-' have indicated l)ne(ly some of the antiliistaminic po- 
tentialities of Pyrihenzamine ; this contribution extends .some of the pharma- 
cologic facts gained since tlvesc earlier publications and also presents data on 
toxicologie studies. 


Toxicifij . — 

Acute; Acute toxicity Avas studied in various species of animals in which 
the drag Avas administered by A-arious route.s. In Table I data on the toxicity 
of pyribenzamine are given. 

Death Avas usually preceded by marked excitability and conA'ulsions ; in some 
animals a secondary depression, A-arying from minutes to an hour or more, in- 
tervened betAveen the period of excitation and death. In dogs Avhich recovered 
from conA’ulsions after 3 mg. or more intravenously, marked excitement and 
salivation gradually diminished during the next thiily to sixty minutes until 
complete reeoven’ ensued. 

Of special interest is the fact that castration of female rats rendered them 
less susceptible to the toxic and lethal effects of pAu-ibenzamine; in fact, the 
LDjo of both sexes Avas then practically identical. Estrogen therapy of such 
castrate females Avas institiited Avith the anticipation that it might restore them 
to their preA'ious greater A-ulnerability ; the effect of such therapy is still a 
moot point. 

Preliminary experiments demonstrated that pATibenzamine suspended in a 
beeswax®-sesame oil mixture according to Code and Yareo= Avas Avell tolerated 
subcutaneously by guinea pigs in doses up to 50 mg. per kilogram ; AAitli higher 
doses an increasing number of deaths occurred from twelve to twenty-four hours 
after injection; Avith 150 mg. per kilogram the animals died -n-ithin one and one- 
half hours after treatment. 

Chronic: lYhite rats of both sexes Avere giA’en daily oral injections of 
pyribenzamine, a mg. per kilogi-am, and after five months there were no sig- 
nificant changes in ei-A'throcA’tes, Avhite cells and their differential distribution 
hematocrit values, body Avcight, appetite, reproductive capacities, ^^astroin- 
testinal functions and general appearance and comport.® These reralts a^ree 

Avith those of Koepf, Arbesman, and IMunafo' eoneeming the relath-e safetv of 
this compound after prolonged feeding. saiety or 

Local: In some rats Avhich acute toxicity studies, local necrosis of 

tl^n developed over the site of subcutaneous injection. This was partienlarly 
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MAYKI!, HAYS, IIHOUSSICAI;, MATIlIIiSOK, liICN.MCK, AND YONKMAX 


TAI)I,E I. LDj, OF J’yitlBK.VZA.MIXK J.V VaKIOUS Sl’KCltX AliM IM.STFCKO JiV P/FFKKENT ROUTES 
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9 
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•Tills does not represent Llio Init maxlmallj' tolcrntod dosoBCS of pyribenzanilne ivitli 
r(*t()\oi.v. 


true in those animals receiving the larger amounts. Tlii.s was not easily avoided 
bocan.se constant volume was desirable in order to minimize variability of ab- 
soiplion from injected areas of difi'ei'cnl size. Con.scquently, concentrations up 
to 30 per cent of pyribenzaminc were required in order to establish the LD 30 
and sucli coneentration.s might well bo necrotizing, either beeau.se of the general 
protoplasmic 2 )oisoning feature common to all substances known to have local 
anesthetic iiroperlies or because of vasoconstrictor effects which .some locally- 
acting anesthetic agent.s may c.xcrt. 

Intramuscular injections of pyribenzaminc, 0.1 c.c. of 5 per cent, in the 
gastrocnemii of rats resulted in replacement of muscle cells by fibroblasts®; this 
result supports the suggestion that local necrosis may follow injudicious use of 
high concentrations of this drug hypodermically. 

Oral in Man: Do.ses of 100 mg. in tablet form havcljeen generally well tol- 
erated by six human subjects, up to a daily total dosage of 500 mg. Minor 
complaints in two subjects, but not consistently i)rc.sent, included mild sedation 
in one and a sense of “pelvic heaviness" with mild nau-sca in another. It is 
probable, however, that this higher range of dasage would be more than ade- 
quate for the average clinical patient.® 
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Fig. 1. 


Fig. 2. 


pi,r 1 — Intestinal strip from a guinea pig. Histamine, 1 gg, at 1, j, 0, 9, it; pjriben- 
zamine, 0.01 nB, at S and 8; wash at 2, S, 1, 10, and is. 

.pip. o Studies of the perfused, excised guinea pig lung. Tiie antihistaminic effect of 

pyribenzWine (N'-pyridyi-N'-benzyi-N-dimethyletliylenediamine HCl), 0.025 mg., against hista- 
mine phosphate. 0.050 mg. 


•WP nre indebted to Dr. James Leathern of the Department of Biologj- of Rutgers 
University, ls4w Brunswick. N. J., for these pathologic findings. 
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Antihistaminic Propcrlics (Ui Viiro ). — 

Intestine of Gnincei Pirj: Isolated segments ol the jejunum responded to 
histamine by marked eo7itraclion. JIuch smaller doses o£ histamine are cfTective, 
hut 1 /ig was uniformly employed in order that some prcliminaiy quantitative 
appraisal might be made of pyribenzamine in terms of antihistaminic potency. 
Although 0.02 /ig. of pyribenzamine consistently inhibited the contractile re- 
sponse of the intestine to histamine, as little as 0.01 /ig was frequently as ef- 
fective (Fig. 1). Evaluation of the antihistaminic potency of pyribenzamine 
is now being determined quantitatively, with reference to the protection it af- 
fords against histamine hjqiotension in anesthetized dogs. 

TJtcrns of Guinea Pig: Contraction of this muscle as pi-oduced by histamine, 
from 10 to 20 pg, was nullified by pyribenzamine, from 10 to 50 ;ig. 

Bronchial Mxisclc of Guinea Pig: Excised lungs, pcrfu.sed according to the 
modification of Langendorfs technique descrilmd by Tainter, Pedden, and 
•lames,'' responded well to histamine by contraction of their bronchial muscle. 
The contractile effect of histamine, 50 p" was usually markedly arrBsted by 
pyribenzamine, 25 pg (Fig. 2), and recoveiy was not complete until after fortj- 
to ninety minutes or more. 


COXCLUSIOXS AND .SljJIMARY 

The toxicity and antihistaminic actions of pATibenzamine are of such an 
order that extended investigations seem warranted. 
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STUDIES OX THE TOXICITY OF SULFONAMIDE DEUGS 


I. Porphyrin-Exchetiox hv a ]\\'rii:xT Thratiii) With Sui.fadiazixe 
AXD Later AVrrii SnRRAxn.AMiDi: 


Fraxk II. J. Fiooe. Fji.D., T. X'ei.sox Carey, I\I.D., axd 
Geexx S. We'ieaxd, Fji.D. 

Baetemore, 3In. 


S OON alter the iutroduetioii of .sulfaniiamide. it Avas noted that tlie admuii.s- 
tration of tlii.s driifr gave rise to an increased excretion of nrinarv porpliy- 
rin in patients developing pliotosen.sitivity.' At about tlie same time, Ilimiug- 
ton and IIennning.s-’ found an increase in tlio excretion of urinary and fecal 
coi^i'oporphyrin III and small quantities of coproporphyrin I in all patients 
and animals treated with sulfanihunide. In both of these inve.stigations an 
attempt Avas made to relate some of the toxic syinptonis of sulfanilamide to the 
increased production and excretion of porphyrin. 

In jjreliminaiy iittemptu to verify these reports, the urine sinuplcs in hos- 
pital refrigerators were e.xamined in a dark i-oom in near ultraviolet light^ to 
sec if any of these Averc red fluore.seent. Red tluorescent urines Avere not ob- 
served, but red oi’ pink fluore.seent pi'ccipitates Averc easily and frequently seen. 
The names and numbers on forty urine bottles containing red liuoi-escent pre- 
cipitates Avere recorded oA-er a period of AA-eeks, and a check jiiade on the hos- 
pital charts shoAved that the eorresponding patients had receiA'cd sulfonamide 
drugs in all but one instance. The exception Avas a jiatient Avith Hodgkin’s 
disease aa’Iio had received j'oeutgen-ray thcra])y. This fluorescence examination 
of urines Avas carried out in 1942-19-i:i, at Avhich time sidfapyiddine and sul- 
fathiazole AA’ere popular. Many patients avIio Avei’e treated AA’ith sulfonamides 
could not be detected by this simple fluorescence test, probably because the 
urjjiaiy porphyrin excretion Avas not much higher than normal. IMost of the 
ui’ine .samples A\-ith red flxioresceut precipitates aa-ci-c from j)atients Avho had re- 
eeh’ed sulfanilamide, but some sulfa pyridine- a)id sulfathiazole-treated patients 
AA'ere detected by means of the red fluorescent Airine sediment. This suggested 
the possibilit3' that these abnormal porpln-iins occurring in A-ariable concen- 
trations might be responsible for the bacteriostatic influence of the sulfonamide 
drugs. This idea liad also been entertained and discarded b.v Rimington and 
Heramings.^ The reiiiA’e.stigation of this problem confirmed his conclusions 
that the sulfonamide-induecd porplnu-ins probabl.A' have no connection AA'ith 
the thei'apeutic effect but rather appear to be jinked Avith photosensitiAut.A’-, 
anuria, neurologic .s.ymptoms, and perliaps other toxic effects. 


From the Departments of Anatomy, Medicine, and Biocliendstry, University of Afary- 
land School of Medicine. 
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One the cjuestkms whieh iirosc was thisj I^o the various sulfonamides 
uivc rise to the same porphyrin or are specific porphyrins produced by each 
sulfonamide : A definite answer to this question might indicate whether the 
excess porphyrins were involved in the specific theraimutic effects or in the 
toxic effects of sulfonamides. The recent note on the inhibition of bacterial 
"rowth by coproporphyrin, hematoporphyrin, and deutcroporphyrin was of 
interest in this connection.' 

In this paper it will he shown that different sulfonamides always gave rise 
to excess amounts of only coproporphyrin III in the same individual. 

Because of the laborious procedures involved in extraction and identifica- 
tion of porphyrins in daily collections of urine, it was decided to inve.stigate 
this problem carefully in one individual avIio whs treated with various sulfona- 
mides at diffe7-cnt times. The patient was a 42-year-old white male fanner 
who came to the hospital April 10. 1943. with empyema on the right side. He 
was treated for five days with sulfadiazine (6 Gm. per day) (see Fig. 1). On 



Fig. 1. — Coproporph>-rin HI excretion after treatment rvith sulfadiazine and sulfanilamide. 
Chart, showing the daily excretion of coproporphyrin III with varj-ing dosage of sulfadiazine 
followed by sulfanilamide. Note the great increase observed when the sulfanilamide was In- 
creased to S Gm. per day. 

the sixth day no sulfonamide drugs were administered. Sulfanilamide was 
then started. For the next four days the patient received 6 Gm. of sulfanil- 
amide per day, at which time the dosage was increased to 8 Gm. per day and 
maintained at this level for six more days (see Fig. 1). Thus a total of 27 
Gm. of sulfadiazine and 74 Gm. of sulfanilamide were given in fifteen davs. 
Diuing this time the urine was collected over twenty-four hour periods for the 
determination of the urinary porphyrins. Dobriner's methods of extraction of 
the urine were employed.® The porphiu-ins isolated were identified by the follow- 
ing methods; 

1. The determination of absorption bands by means of a large spectroscope 

with a long wave length scale ^ 

2. The determination of the HCl number 

3. The solubility in 20 per cent NaOH, chloroform, and ether 

4. The melting point of the methyl ester 
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TJie (jiifiiitity of ])orpli.vi-iii excrclcd daily wjis (Ii'lc'rniiiied by iiieasiiHiig 
the absorption of a beam of lijrlit (4050 A°) isolated by a set of (jorniii'x filtof 
glasses/ ■\vitii a ve7’y sensiti\’e eojoriineter.t It was found ])ossil)je to deter- 
mine accurately the eoiieentralion of slandiii'd NoInlio7is of various po7pliyrins 
containing tVon? 0.1 to 1.0 pg i)er cubie ee7itime(e7'. Lower concent 7-atioiis 
may be dcter7ni7)ed by i7si77g tl7e .sa!77e instrumimt as a tliioi-escenec 777etci', 
but beca77.se this teeh77i(juc i77Volvps the e77 7’efu] (;o77t7’oI f)f n 7U77iihcr of 
factoi’S .(1empe7’fitui-e. pu7'ity. a77d ilCl eonee7]t7’atinn), this method has heoTi 
found to be tedious a77d less ncenrnto than the coloriineti’ic 77icthod which uses 
liglit with a wave le77gth of Jroni 4000 to 4400 A®. 

Tile quantities of po7-phy7-in e.veirtcd daily have been depicted gi'aphieally 
with the dosage of sulfonamides .shown in Fig. 1. The collection of inane was 
not staihed until the thinl day of ti'eatment with sulfadiazine. Four daily col- 
lections were e.xti'aeted which eontiiined enough sulfadiazine-induced iiorpliyia’ii 
to identify as eopi'Ojioi'phyriu llf. Tin* uidne collected dui’iug the eleven days 
that the patient was treated with .sulfanilamide contained fai’ gi-eatcr aiiiounts 
of coproporphyrin ITT. The identification was eaia*icd out in the following 
manner: An attempt was made to fiaietionate the porjihyrin obtained by e.s- 
ti'aetion fi’om ether with increasing concent I'at ions of liydi’ochloi'ie acid. Ulo.st 
of tlie poi-jihyian was c.vtraeted with 0.1 per cent liydi-ochloi-ic acid. The re- 
maining poi'phyi'in api)eai-ed in the O.C j>er cent fraction. JIowcvci-, wlion 
both fi'actious wore jiassed back into elhei\ the.3’ had identicfd absoi'ption 
spectra which coincided with a sample of .synthetic cojii’oporpbyrin T and with 
that recorded for copro]7orphyrin by other invest igatoi’s." When the various 
fi’actious of the poi-phyi-in wei’C e.vli-acted fi-om the ether with 25 per cent 
hydroehloi’ic acid, the ab.sorption specti’a of all fractions wei’p identical. The 
position of the middle of the ab.sorption b.inds on the wave length scale wei-e 
as follows (.stated in millimiei'ons) ; in ethei’, 62^.S, 5n7.2, 577.2. 508.2, 528.4. 
495.0; in 25 per cent hydi-ochloric ;icid, the bands were located at 59.7.2, 572.0, 
550.3. The porphyrin e.vfi’aeted from the ui’ine of the patient dui’ing the time 
that sulfanilamide was administered Iiad the .same absoi-ption l;ands and solu- 
bility ehai’aeteristies ns that exti’acted fi’om the urine during the period ol 
sulfadiazine treatment. None of the poi-phyi’in e.xti’actcd was soluble in chloro- 
form, but it di.ssolved in 20 pel’ cent sodium Iiydroxide. To see if this was 
eopi'opoi’pbyi’in I or Ilf, the vai’ious poi’phyrin fi-actions were then pooled 
and converted into the methyl e.ster to determine the melting point. The 
absorption spectrum of the methyl e.ster in ether was detei’niined on a spectro- 
photometei’. The bands wei’e located at 625.9, 597.5, 570.0, 528.0, 494.0. The 
melting point of the methyl e.ster orystnls was from 145.2 to 147° C. When 
i-emelted the ciy.stals melted at fi’om 165 to 168° C. Thei’efoi’e, we concluded 
that the porpliju-in was eopi’oporpliyrin III. 

The fact that the same porphyrin is excreted wlien one individual is 
treated with different sulfonamides should hare been expected on the basis 
of the inA’estigations of Eimington and Hemmings.® Thej^ tested a number of 

•Corning: 30C0, 430, 385. 
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eoinpomidji resembling sulfanilamiclc or prontosil and found the ])orpliyrin- 
inducing property related to the plienylamine grou]). Aniline and similar sub- 
stances ■were found to induce porphyrinuria. Since the i-dienylaniinc group is 
essential for therapeutic activity, it is not modified in most of the sulfona- 
mides. They should, according to Eimington’s hypothesis, all undergo oxida- 
tion in vivo and in turn oxidize hemoglobin to methemoglohin -which is de- 
graded perhaps by way of hematin to coproporphyrin III instead of bilirubin. 
If this process is responsible for the toxic effects of sulfonamides, then all the 
sulfonamides commonly used should present toxic symptoms of the same type 
and degree. Such is, however, not the case. 

A survey of the literature i-cvealcd that, in addition to Binnsting’ and 
Eimington and Hemmings,-' other invest igatoi-s liad reported porphjTinuria 
resulting from sulfonamide treatment. Long and Bliss,® in a discussion of the 
toxic manifestations of sulfanilamide, stated that approximately 3 per cent 
of the patients exhibited porphyrinuria. Wien'* confirmed Rimington and 
Hemming’s observation that sulfanilamide administration causes porphyrinuria 
in the human subject and in rats, but he claimed that sulfapAuddine did not 
significantly alter the rate of porphjwin excretion in rats. Tlie values wliich 
Wien gave as normal for rats ranged from 24 to 48 p.g per rat per day. The 
range found for sulfapyridine-treated rats was from 36 to 84 iig. The rats 
given sulfanilamide excreted from 90 to 260 ng daily. During this same year 
other investigators’" found normal urinarj* porphyrin values in several pa- 
tients who had taken sulfanilamide, and one of these was light sensitive. The 
methods used to extract and determine the porphyrin in this case are open to 
question. Small quantities of urine were extracted, and the relatively crude 
and impure porpLju-ui extracts were roughly estimated by visual fluorometrj-. 
More recently, Sehreus and Kreig” detennined the poi-phyrin excretion in 
thirteen patients with either gonorrhea or pyoderma treated with various sul- 
fonamides. Eight of the thirteen showed slight increases in porphyrin excre- 
tion. This gives the impression that a marked increase such as we have ob- 
served (from 200 to 600 fig per day) occurs onh' sporadically in sulfonamide- 
treated patients. This is doubtlessly true, and the amount of porphyrin ex- 
creted in any given ease is probably determined by the tj-pe of sulfonamide 
given, the dosage, the individual susceptibility or condition of the patient, 
and perhaps the disease. 

The possibility^ that some of the severe toxic reactions which occur infre- 
quently are limited to those patients who respond to sulfonamides by produc- 
mg and excreting relatively large amounts of porphy-rin deserye's further 
investigation. 

StTMAIART AND CONCLUSIONS 


The fact that sulfonamide therapy frequently gives rise to a mild and 
variable porphyrinuria has been confirmed by semiquantitative observations 
on forty patients. In a careful study of the urinary poi-plnwins of one of 
these. It was observed that the administration of either sulfadiazine or sul 
fanilamide to the same patient at different times gave rise to the excretion of 
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aijnonnal anioiiiits of tlic same kind and lyj)e of jioi’pliyrin, cojjroiiorphyrin 
III. Tlic amount of porj)liyrin excreted during sulfadiazine treatment ^^as 
less tliaii wlien a similar dose of snlfanilamidc -was administered. The amounts 
of porphyrin excreted in this case ))aralleled the relative toxicity of the two 
drugs. Since aniline, lead salts, snlfonal. and other similar compounds give 
rise to porj)hyrimiria, but j)rcsumal)ly have no bacteriostatic action, the copro- 
porphyrin III is ]irobably one of tlic coincidental by-products of sulfonamide 
action. 
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OBSEEVATIONS ON THE ACTIVITY IN VITRO OF SUCCINYL- 
SULFATHIAZOLE AND PIITIIAEYLSULFATIIIAZOLE 


II. J. FLORr.ST.vNO, Ph.D., and -T. F. Kf.nnkdy® 
Indian.vi’olis, Ind. 


T he rceeiif studies by Potii and co-workers'' - on a series ot N'-dicarbo-xylie 
acid-substituted sulfonamides .svmthesizcd by Moore and Jlillcr'' resulted 
in the development of two new sulfonamides, suecinylsulfatliiazole aiid phthalyl- 
sulfatliiazole, which have found extensive use as intestinal anti.septics. Theo- 
retically. these two N'-acyl derivatives of sulfathiazole .should have no activity 
in vitro. However, the few reports in the literature regarding this property 
have been conflicting. Kirby and Rantz' found that suceinvisulfathiazole had 
practically no activity in vitro. Poth and associates' reported slight baeteri- 
ostatie activity for suceinvisulfathiazole against Escherichia coli in vitro but 
thought that the activity showm might have been due to a small amount of free 
sulfathiazole present in the sample studied. In a later report, however, Poth 
and Ross'^ used data obtained in viti'o with suceinvisulfathiazole in a comparison 
of results obtained with a number of carboxylic acid derivatives of sulfathiazole. 
Brewer® was also able to demonstrate activity in vitro for suceinvisulfathiazole. 
"With Shigella sound as the test organism, the activity was foimd to he directly 
proportional to the amount of drug present and inversely proportional to the 
number of organisms. In comparison, gulfaguanidine had no activity against 
the same organism. Schvveinimi-g and Yetwin' obseiwed that phthalylmilfa- 
thiazole had a better bactericidal action than sulfathiazole against E. typhosa 
and Shigella paradysenferiac (var. Flexner), while sulfathiazole was the more 
effective of the two drugs against E. coli, Shigella dysenteriae (Shiga) and 
the paradysenteriae strain of Hiss. 

Evidence is presented here in an attempt to show that demonstrable ac- 
tivity in vitro for both succinylsulfathiazole and phthalvisulfathiazole is due 
not to each drug per se but apparently to free sulfathiazole wiiich not only may 
be present as a contaminant in tiie oiiginal material but can be augmented in 
concentration as a result of decomposition of the conjugated sulfathiazole durin<^ 
preparation for testing. ° 


expekiviental 


As a preliminary to the studies in vitro, a nrmrber of solutions of sueeinji- 
sulfathiazole and phthalylsulfathiazolef were prepared at different coneentra 
tions in distilled vv'ater buffered at pH 7.0.i The drugs were dissolved at room 
temper ature and then analyzed for free diazotizable substance after the method 
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tSamples of the drugs were purchased from the open market ’ ’ 

tThe buffered water (pH 7.0) was nrenared hi- tho 
and 29.03 c.c. of 1 X NaOH to distilled 
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of Brallon and j\Iarsliall.'' Aliquots of the solutions Avere autoftlaved at 15 
pounds pressure for varyiii"- ]ieriods of time, and diazotizalion was again per- 
formed on the respective solutions. Because of the extreme rapidity Avitli Avhieii 
])hthalyl.su]falhiazole hydrolyze.s in acid solution, it Avas nece.ssaiy to modify 
the diazotizalion procedure somcAvhat in order to obtain rei)roducib]e iTsiilt.s. 
Typical findings from these analyses arc shoAvn in Table I. The results in- 
dicated that the .samples of .suecinylsulfathiazole and phthalylsulfathiazole stud- 
ied Avere contaminated Avith a .suhslaneo capable of diazotizalion. It Avas also 
ob.scrA'cd that the amount of this .substance could be incrca.scd b.v heating, pre- 
.sumably as a re.sult of decompo.sition of the oidginal X'-acylated .sulfathiazole 
deriA'atives. 


TAlil.K I. FI!I;E D1AZ0HZ.M1I,E SUIl.STAXOK IX SOI.UTIOX.S OF SL'eClXA't..sri.F.\TmAZOt.E AXll 
PjITIIAI.A-I,.Sri.FAT!!IAZOIA: BCfOnE AXn AFTKII ArTOCEAVrXC 


COXCnNTllA- 
TIOX OF 
DRUG BY 
\\'T:iQnT 
(MG. %) 

TKKATMK.N'T 

IHAZOTIZABf.i: SniSTANTR* IN' 
.SrCCINVRSrU'ATHIAZOLK 

DIAZOTIZAIII.E .SITl.STA.STE' I.V 
ri r nr A I. Y i,.s ui.F ATiu A zoi .E 

CONCENTRATION i 
(MG. 9r) 1 

im:i: cent of 

TOTAL %\T:rG!IT ; 

CONCENTRATION 
(MO. 9c) 

I'FR CENT OF 
TOTAi. AYEIOIIT 

to 

Uiilicatod 



0.19 

1.19 


5 mill, liout 



1.20 

7.SS 


20 min. heat 



2.50 

15.03 

32 

Bnhentcd 


0.31 

0.33 



5 min. heat 

0.18 

0.50 

2.74 

8.50 


20 min. heat 


0.94 

iy.oo 

J7.*M 

6i 

Unlicatcd 

0.19 

0.30 


0.97 


j min. heat 

0.40 

0.03 

5.15 



20 min. heat 

0.0 i 



15.31 


Uniicatod 

0.31 

0.24 




0 rain, licat 

0.02 





20 min. licat 

1.02 




•Calculated as free sulfathiazole. 




T,U3LE II. 

Hvdi’.ockx Iox 

COXCEXTRATIOXS 

OF SOI.UTJOXS OF Si:CClXYI.Sin.FATniAZOI.E AXD 


Phthalylsulfatiiiazoi.k Pki:i’ai:ei> ix AVateu Buffered at eH 7.0 


CONCENTRATION 

OF SOLUTION 

(mg. %) 

DRUG* 

1 !IYimOOE.\’-10X CO.XCEXTRATIOX (pll) 

j 

INITIAL j 

AFTER 5 MIN. j 
HEAT 1 

AFTER 20 JUS. 
iiHiIT 

10 

PST 

7.00 

7.00 



SST 

0.98 


0.98 

32 

PST 

0.97 


0.97 


SST 

0.93 

6.93 

(J.93 

04 

PST 

0.93 

i).93 

0.93 

128 

SST 

6.80 

G.8U 

G.SG 


*PST, Phthalylsulfathiazole; SST, suecinylsulfathiazole. 


As a check on the buffering capaeitj- of tlic diluent used for the A'arious 
solutions, the pH of each solution Avas determined immediately upon dissolution 
of drug and after autoclaving. No marked change from the original pH of the 
buffered Avater Avas indicated Avhen solutions of drug as high as 128 mg. per 100 
c.c. Avere prepared. The initial hj'-drogen ion concentrations of all solutions 
remained unaltei’cd AA'hen heated at 15 pounds pressure for twenty minutes 
(Table II). 
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On the assumption tliat tlic varying degrees of diazotization were due to the 
presence o£ free snKalhiazole, the following procedure was used to test the 
liypothesis. 

Solutions of succinylsulfathiazole and phthalylsulfathiazole were prepared 
in a sA-nthctic medium consisting of asparagine, glucose, and inorganic salts.” 
Concentrations for the various tests ranged from 32 to 512 mg. per cent by 
weight. AU solutions were made up at room temperature, and the amount of 
free diazotizable substance was detennined for each. An aliquot of each solu- 
tion was then sterilized by Seitz filtration while a second and third poi'tion were 
autoclaved at 15 pounds pressure for five and twenty minutes, respectively. The 
Bratton and Idarshall reaction was again carried out on the Seitz filtrates and 
heated portions. Shlutions of sulfathiazole were next prepared in the sjTithetie 
medium to contain concentrations of the drug comparable to the respective 
amounts of free diazotizable substance (calculated as .sulfathiazole) in eacli 
of the variously treated solutions of succinylsulfathiazole and phthalylsulfa- 
thiazole. All sulfathiazole solutions were checked by the color reaction before 
use, and each of these corresponding to the respective solutions of the N^-acylated 
derivatives was similarly treated ; that is, one portion was passed tlorough a Seitz 
filter and a second was autoclaved for five minutes, a third for tu'enty minutes. 
This procedure was followed throughout, even though filtration and heating had 
no apparent effect whatever on the initial concentrations of sulfathiazole. 

The comparison in ritro of the eon.)ugated derivatives of sulfathiazole with 
free sulfathiazole was performed by serially diluting, asepticaUj", each initial 
drug solution by halves in plain sterile SATithetic medium and inoculating with 
E. coli. Each tube contained a final volume of 5.0 e.c. of medium plus drug at 
the various dilutions, and 0.1 c.c. of a diluted eighteen-hour culture was added 
so that the initial number of organisms averaged about 500 per cubic centimeter. 
The tubes were incubated at 37° C. and examined for risible gro-wth at twenty- 
four hour intervals. 

RESULTS 


It was apparent from the data obtained that succinylsulfathiazole and 
phthalylsulfathiazole exerted inhibitory action against E. coli imder the con- 
ditions of the test. However, when free sulfathiazole was tested at concentra- 
tions corresponding to those of the free diazotizable substance present in the 
N-'-acylated sulfathiazole solutions, identical end points resulted For ex 
ample, a concentration of 32 mg. per 100 e.c. of sueeinrisulfathiazole (Seitz' 
filtered) showed complete stasis, while partial inhibition of E coli was ^ 
at 16 mg. per 100 c.c The amount of free diazotizable substance at each of 
these concentrations of ^ccinylsulfathiazole was equivalent to 0 08 and 0 04 msr 
of sulfathiazole per 100 c.c., respectively, at which concentrations free sulfj 
thiazole produced the same results (Table III). lYlien an aliquot of the^e 
initial solution of succinylsulfathiazole was autoclaved for twentv minutes coT 
plete stasis occurred at a concentration of 4.0 m.r uer 100 nn' ac t’ i i 
0.06 per 100 c.c. p„.c„. as £cce 1 

amount of free snlfathmaolc (0.06 mg. per 100 c.c.) litemise 




activity or .SCCriNYI^'^UIA'ATniAZOM; and rilTHAI.YI-SUlA’ATlIIAZOLr. (6] 

iiiliibUion o£ "vowlli of the Vest organism. The pvoVoeol of an experiment il- 
Insti'atins a similar comparison of activity with plithalylsulfathiazolc aiul sulfa- 
thiazolc is given in Table IV. 

DISCCSSION 

It is believed that the apparent aelivily in vitro shown by suecinylsulfa- 
thinzolc and phthalylsuli'athiazolc has been identified witli that of free sulfa- 
thiazole. Hydrolysis of either of tlicsc X''-acylatcd compound.s would yield 
sulfathiazole and the respective dibasic acid. The possibility of any antibac- 
terial activity due to cither succinic acid or phthalie acid alone was ruled out. 
however, since tests in vitro showed them to have no effect on coli in con- 
centrations much hiaher even than those expected throimh decomposition. 

The exact bearing that these findings may have in relation to the in vivo 
mode of action of succinylsulfathiazole and phthal.vlsulfathiazole cannot be stated 
conclusively at this time. Poth and associates' originally believed that these 
drugs might owe their antibacterial activity to free .sulfathiazole liberated by 
hydrolysis of the acylatcd derivatives. It was concluded from later work,'"’ " 
however, that this alone could not fully explain their action and that a large por- 
tion of the activity of sueeinyl-sulfathiazole and pbthalylsulfathiazole mu.st con- 
sequently be attributed to the eon.iugated molecule. 

The bacteriostatic effectiveness of sulfanilamide derivatives has been a.s- 
sociated with the free amino group .situated in the para position of the benzene 
nucleus. Activity may be destroyed through con,iugation in the body or by 
chemieal substitution othenvise. This fact becomes of importance in the study 
of the beha\’ior in vitro of certain derivatives of the parent srrlfonamides. es- 
pecially X-'-acylatcd compounds. Carrtion should be exercised, therefore, in as- 
certaining first of all the purity of such compounds and secondly whether the 
substances are stable enough to rvithstand the various .steps involved in their 
preparation for assaj'. 

.SUAIAIARY 

1. Data are presented shoving that succinylsulfathiazole and phthalylsulfa- 
thiazole may contain a diazotizable substance as an impurity. The amount of 
this substance can be progressively increased by prolonged heating of the 
X-’-acylatcd derivatives of sulfathiazole in .solution. 

2. It is concluded that the imprrrily is sulfathiazole and that its presence 
aecorrnts for any in vitro actirity shorvn by the eon.iugated .sulfathiazoles. 


nr,r 


ttoapeutic Agent LocuUy Active in the GastTointe.tin-al Tract, ireh. 
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FATE OP SODIUM JUCINOLEATK AFTER ORAl. AD:MINISTRATI0N 

TO WHITE RATS 

E. L. MacQuiddy, INl.D.,® and EuzABCTn Pinkkrton, Rii.D. ® Omaha, Eku., and 
Hartmaxx Gortze, B.S.,t and Fred W. Oberst, Pn.D.,t Cincinnati, Ohio 

M UCII has been published with regard to the properties of sodium ricinoleate, 
but little is knomi of its notion in the intestinal tract when it is used in 
the treatment of certain chronic, intestinal disorders. It is believed that the 
therapeutic action may be due to detoxication of many intestinal toxins or to 
alteration of the intestinal flora. *'* Solutions of sodium ricinoleate are capable 
of neutralizing various bacterial toxins, phytotoxins, and cobra venom in vitro 
and possibly in the living animal.^' Some of the detoxicated toxins when in- 
jected into various animals have produced immunity against many times the 
lethal dose of the respective toxins. Consideration has also been given to its 
bactericidal or bacteriostatic action on many organisms. Kolmer’ found sodium 
ricinoleate to have a low bactericidal acti\ity in the test tube. 

As yet there are few facts upon which to base an adequate explanation of 
the therapeutic action of sodium ricinoleate in the intestinal tract. 

In an earlier study'® no evidence was obtained that ricinoleate soaps or 
castor oil are absorbed from the intestinal tract, as determined by chylomicron 
count or by absorption of sudan IV. Paul and McCay" fed guinea pigs a diet 
containing 6 per eent i-icinoleic acid and foimd from 91 to 93 per cent utilized as 
determined by fecal analyses. Castor oil, when present in the diet at a level af 
6 per cent, was utilized to the extent of 92 per cent in rabbits and 99 per eent 
in sheep. They believe that melting point rather than degi’ee of saturation is 
the determining factor in the utilization of fats in guinea pigs. 

Recently Stewart and Sinclair'- found the amount of fats excreted in rats 
on a diet containing 4S.4 per cent castor oil to be about 2 per cent of the intake. 
The}- concluded that ricinoleic acid is readily metabolized, as there was no in- 
crease in the acetyl number of fecal fat over the control values and no evidenee 
of its presence in the phospholipids of the small intestine, liver and muscle, or 
glycerides of the liver. Of the fatty acids of depot fat, about 7 per eent was 
ricinoleic acid. 

In the present study sodium ricinoleate was either fed in a diet or admin- 
istered by stomach tube to white rats, and the amounts absorbed from the gastro- 
intestinal tract or excreted in feces were detemined. 

EXPERrUENT.VL STUDY 

The work involved either feeding or administering by stomach tube sodium 
ricinoleatei to white rats. The extraction of fats and fattv acids was made from 
gastroin testmal contents and feces, with sub.seqnent separation into petroleum 
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ether (from 40 to 60'’ C.) and etliyl ether fractidii.s. The fatty acid of .sodiinn 
ricinolealo has a low sohibilily in petroleum elhei- but is completely .soluble iu 
ethyl ether. Its hifrh acetyl nnmlier i.s ii.sefnl for identification. The presence 
of ricinoleic acid was based on tlie total anioiinl of fats and fatly acids e.xiracted, 
amounts e.xtractable by jjctroleinn ether followed by re-extractions with ethyl 
ether and by acetyl mnnbei-s of the two fractions. 

Procedure for Carniiuc/ Out E-rcrctiou Sfudics. — Sodium ricinoleate was 
administored to \v])ilo rats either by .stomach tube or by incorjKjrating it into 
a stock diet.'' Those iinimals receiving it by stomach tube were given 0,4 Gni., 
and the feces were collected for foily-oight hours. 'J'ho.se animals receiving it in 
their diet eon.sumed a{)proximately 0.5 tim. daily for a i)eriod of two months. 
The feces were collected during the entire period and an aliquot poi-tion used 
for tlio determinations. 

Feces were collected also from control animals not receiving sodium ricin- 
oleate. Recovery tests of sodium ricinoleate added to feces also were made. 

Methods for P re pa ration. Extraction, and Trstinf/ of .'if ate rials. — All .sain])lc.s 
of feces were dried at 100° (,'. for twelve !ionr.s, weighed, and then powdered. 
A suitable aliquot was transferred to a .separatory funnel containing 25 c.e. of 
distilled water. The mixture was made acid with 10 i)cr cent hydroehlorie acid, 
and tlic total fats and fatty acids were extracted by .shaking with 5 e.e. portions 
of chloroform. The extracts were filtered .sncee.ssively through filter paper into 
a taved flask. The combined extract was evapoi’ated to dryness on a steam bath 
under a current of air. The weighed residue was di.s.solvcd in 20 c.e. of absolute 
ethanol and transferred to a .separatory funnel. About 10 c.e. of water wins 
added, after which it was washed three times with 30 c.e. ])ortions of petroleum 
ether. The petroleum ethei’ fraction was washed twice with 15 e.e. portions of 
50 per cent ethanol, n-hieh was transferred back to the alcoholic solution. The 
petroleum ether fi-aetion was evaporated to drync.ss in a tared flask and weighed. 
Fifty cubic centimeters of ethyl ether and enough distilled water were added to 
the alcoholic solution to cause .separation. The ethyl ether fraction was drawn 
off, and the aqueous alcoholic mixture was exti’aeted three more times with 
ethyl ether. The ethyl ether e.xtraetion.s were combined in a tared flask, evapo- 
rated to diA'iiess, and weighed. 

The acetyl value of each fraction was determined by the method of Roberts 
and Schuette.” 

Absorption Studies of Sodium Ricinoteate From Ga.itroinie.'itinal Tract . — 
Acute studies wore made on the amount of fats and fatty acids found in various 
segments of the gastrointestinal tract of rats tu’cnty-four hours after oral ad- 
ministration of a large do.se of sodium i-icinolcate. Eight wliitc rats, all Aveigh- 
ing approximately 220 grams each, wei'c used in the experiment. They were 
without food for from sixteen to twenty-four hours. Pour were administered 
2 e.e. of distilled water by means of a stomach tube and were used as controls. 
The other four animals received 400 mg. of sodium ricinoleate in 2 c.c. of dis- 
tilled water. The feces were collected from each animal. All animals were sae- 

»“Hirlan Special Rat Ration” obtained from Harlan Sitwll Animal Industrj-. Cumber- 
land, Ind, The fat content of this diet is f.f per cent. 
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rificecl twenty-four hours after irastrie nilubatioii, and the stomach and intestines 
were removed. The contents of tlie stomach and small intestine were washed into 
a separatoiy funnel hy means of a stream of hot water. The contents of the 
large intestine and the feces were transferred to another separatory funnel. The 
aqueous mixtures were acidified with hydrochloric acid and extracted five times 
with 25 c.c. poidions of chlorofonn. These were filtered successively through 
chloroform-wetted cotton into a tared evaporating fia.sk. The filtratc.s' wore 
evaporated to dtyne.ss on a steam hath and placed in a vacuum desiccator over- 
night. Tlie fia.sks were weighed again to determine the total fat hy difference. 

Similar acute studies were made on another group of rats to detei’minc the 
amount of lipids i-emaining in the .stomach and various segments of the intes- 
tinal tract, one-half, three, six, sixteen, and twenty-four hours after administra- 
tion of 400 mg. of sodium rieinoleate in 2 c.c. of water hy .stomach tube. The 
animals, which weighed approximately 200 gi-ams each, were without food for 
from si.xteen to twenty-four houi-s before the te.st. Animal charocal n-as given 
with the sodium incinolcate to show the distance it had traveled down the in- 
testinal tract at the time each animal was killed. 

Three control animals received the animal charcoal in 2 c.c. of water hut 
no sodium rieinoleate. One of these rats was killed one-half hour, another three 
houi-s, and the third six hour's later*. The contents of the stomach, of the upper, 
and of the lower half of the small intestine of all animals were removed and a.s- 
sayed for the amounts of lipids by the method .iu.st described. 


RE.SULT.S 

The results of th.e excretion studies are shown in Table I. Under the con- 
dition of the experiment approximately 25 per cent of ricinoleic acid is extracted 
by petroleum ether and 75 per cent by ethyl ether. Under similar experimental 
conditions the total fat from the control feces was about equally disided between 
the petroleum ether and ethyl ether fractions. AA^hen 300 mg. sodium rieinoleate 
were added to 2 Gm. of control feces, the total fats and fatty acids recovered 
were re-extracted ndth petroleum ether and then with ethyl ether. The amounts 
of material dissolved in the two .solvents were 33 and 65 per cent, re.spectivelv. 
indicating by its solubility that ricinoleic acid was present. The acetvl value 
for each fraction was considerably higher than that of the re.speetive'-control 
sample. 


T.vble I. 


P.w.TmoK OF Tot^-u. Lipids Betweex Petroleeji Ether .^vd Ethyl Fthfp 
Together AVith --Vcetyl Lumbers for E.vch Fp..vctiox lther, 


MATERIAL 

number 

OF 

TESTS 

TOTAL I 
LIPIDS 1 
FOUND IN 1 
MATERIAL 
(PER 
CENT) 1 

PETP.OLECJI ETHEP. 

feactiox 

ETHYL ETHER 
ER-tCTIOX 

LIPIDS 

1 

1 CENT or 

1 total) 

j ACETYL 
nuyiber 

LIPIDS 

1 (PEE 

1 CENT OF 
TOTAL'i 

ACETYL 

i^ouiura ncmoieaie mg.) 2 84 4 pXt 5IF ^ -.-c ~ 

Control fpoes (2 Gra.) 2 fifi S’l 

Sodium rioinoleate (.300 mg.) 2 ICi’ 3^0 oio 

adrtod to control feces (2 Gni,') ~ ‘ '04.5 

Feces from animals receiirinir n,.*; 4 ,-n -nn 

Gm. sodium rieinoleate dailv ’’ 30.8 

242 

1.50 

219 

142 
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Vc-iliies obtained after the administration of a single dose of sodium ricia- 
olealc or after tlie daily feeding of 0.5 Oni. of llic material for two rnontlis arc 
quite .similar to lliosc obtained with control feres and indicate the absence of 
I’ieinoleic acid. This would sUK<^cst that .sodium ricinoleatc either i.s alrsorhed 
from the intestinal tract or is .so altered rhemically as not to be c.xtracted by the 
techui(iuc used. 

In an experiment in wliich 400 m<r. of sodium rinicolcate were administered 
orally and the rats killed twenty-four horn's later, there was no indication that 
an appreciable amount of the administered substance was present in the gastro- 
inlc.stinal tract. In the control gronj) the average weight of total fat and fatty 
acids from the contents of the stomach and the small inte.stinc was 42 mg., while 
that from the large intestine, in combination with tlic twenty-four hour fecal 
collection, was 61 mg. After the administration of 400 mg. of .sodium riciuolecntc, 
tiic average values were 4t) and 69 mg., respectively. These sligiit increases ac- 
count for only about 4 per cent of the dose administered. 


Taiii.k II. IJatk or Aiisoia-Tiox nr .Souiom Kicis'ni,r..\TS Fr.o.M (t,\RTt:oixTK.S'n.v.\t, Tk'CT 
(400 Afn. OF .SoniUM I?tctsoi.K\TK AcMisi.sTiatrn uv Sto.uacii Turn: 

TO Fastixo IIat.s) 


TJMi: AKTKU 
AI».MlNISTnATIOX 
(nn.) 

.STOMAf’H 

(MO.) 

1 AJfOU.N'T OF I.iriDR K.VTnACTKP 

SMAfJ. IXTKKTI.VK j 

1 TOTAI. 

rt'CKi: 

(MO. I 

J.OWKK 

(MG.) 

(MO.) 

■HIQrQiH 


3 

4 

■■■■■■■ 

11 


¥j 

260 

26 

13 

299 

77 

3 

2.39 

3S 

20 

303 

7S 

0 

18.1 

42 

.in 

217 

on 

16 

26 

.8 

11 

45 

<1 

24 

.S 

7 

J) 

24 

4 


In another expci-imcnt determinations were made for amounts of sodium 
ricinoleatc and charcoal remaining in the stomach, in the upper, and in the 
lower half of the small intestine after varying periods of time following the dose. 
The amounts extracted ai'C shown in Table IT. The amount of lipids found in 
the control animal was somewhat less than tliat in the preceding experiment. 
There was considerable delay in (he passage of sodium rieinoleate and charcoal 
from the stomach into tlic intestines. The stomach appcai'ed to be considerably 
bloated dui’ing the first six liours after sodium i-icinoleate. The chai'coal was 
in-esent onlj^ in the stomach and the upper half of the small intestine of animals 
killed one-half and three hours after tlic dose was administered. Six hours after 
the dose it was present also in the lower half of the small intestine. After six- 
teen hours most of the charcoal had passed into the large intestine, and the 
stomach was flat and not bloated. No chai'coal was present in any segment after 
twenty-four hours, and the stomach was completely empty. 

In the control animals, one-half hour after a dose was administered, there 
was charcoal present in all three segments. After three hour's none of the char- 
coal was found in .the stomach, and most of it was present in the lower half of 
the small intestine, with only a trace in the upper half. Nearly all had passed 
into the large intestine after six hours. 
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DISCUSSION 

The data obtained in tins study arc in accord with previous studies”’ ” on 
ricinoleic acid and castor oil and indicate that sodium ricinolcatc is absorbed 
from the gastrointestinal tract and is not excreted in any appreciable amount in 
feces. Little infonnation has been found regarding its fate after pa.ssing the 
intestinal barrier. Small amounts may be stored as a glycei'ide in fat depots, 
as was shown by Stewart and Sinclair’" after the administration of castor oil. 
The major poi-tion undoubtedly is oxidized in a manner similar to that of closely 
related unsaturated fatty acids. It is not likely that any free sodium ricinoleate 
occui-s in the systemic blood stream at any time. Kolmer’ has shorni that 1 c.c. 
of 1 :S00 sodium ricinoleate produces complete ]iemoly.sis of 1 c.c. of defibrinated 
rabbit blood within twenty minutes at 37° C. Sodium ricinoleate frequently is 
used as a sclerosing agent for flic treatment of varicose veins, due to its power- 
ful hemolytic aetimty ; it fonus a jellylike coagulated mass when injected intra- 
venously.” Accordingly, a substance rvitli sucli properties is not likely to occur 
in a significant concentration in circulating blood after oral administration. 
Histologic examinations of cross sections of various portions of the intestinal 
ti'act, in rats on diets containing 0.5 6m. sodium ricinoleate per day for periods 
as long as two months, do not show any tissue damage of any kind. The lack 
of sclerosing action would seem to indicate that sodium ricinoleate is undoubtedly 
converted by the epithelial cells into a triglyceride, in a manner similar to that 
of anj' other closely i-elated fatty acid, and is thus carried into the lacteals in 
the form of chyle. 

These studies do not explain the beneficial clinical action of sodium ricin- 
oleate administered orally during the treatment of certain intestinal disorders. 
One cannot overlook the likelihood that it acts locally in the intestinal tract as a 
stimulant, thus alteiing intestinal rhythm either directly or through the sympa- 
thetic nen’ous system. Alteration in intestinal flora is also a good possibility, 
since it is well known that the character of the flora is an important factor for 
the general health of an indLudual. Another possibility is its reaction with 
toxins or poisons which in themselves may act as stimulants for abnormal in- 
testinal rhj"tlun or which may be absorbed into the blood stream, giving rise to 
the sjTuptoms accompanying such disorders. The concentration of ur^aiy in- 
diean in some patients ^vith certain intestinal disturbances is quite hi»h’= • this 
generally returas to noimal immediately after treatment with sodium ricinoleate. 

From preliminaiy studies on the rate of absorption of sodimn ricinoleate from 
different segments of the gastrointestinal tract, it appears that there would be 
considerable time for it to carrj- on its fimction as a therapeutic ao-ent as the 
emptring time of the stomach and the rate of absorption from the intestinal tract 
are considerably prolonged. The rate of passage of an indicator (animal char- 
coal) along the intestinal tract is considerably delayed in the presence of sodium 
. nemoleate, but the mechanism of this action has not vpt been determined 


SUMALIRY 


Sodium nemoleate was administered to white rats either by stomach tube 
m- by feeding approximately 0.5 Gm. per day in the diet for two months There 
IS no endenee that any ncmoleic acid is excreted in the feces of these animals. 
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Absorption .siiulics indirsilc tlnil orally adiiiinislci'cd sodium riehioleale is 
almost completely absorbed from llio past rointestinal tract of rats duriii" a 
period of twenty-four hours. 

The rate of passap:c of an indicator (animal charcoal) throufj;)! tlie intestinal 
tract of rats is considerably retarded l)y the oral administration of sodium 
rieinoleate. 
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OBSERVATIONS ON THE EFFECT OF LO^YEREO OXYGEN TENSION 
ON SICKLEillA AND SICKLE CELli ANFDIIA A:M0NG 
I\IILITARY FLY'ING PERSONNEL 


jMa.ior a. B. IIkxdf.ksox axd Major II. E. Thorxku.. ^Mtoical Corps. 
Army ok the Uxitizd States 
Detroit, Ylicn. 


S urveys of large groiip.s of Xogroe.s in the Unitecl States reveal that the 
incidence of erythrocyte sickling varies from 4.3 to 14 per cent, with an ac- 
cepted average between 7 and 9 per cent.’’ - Approximately one of fifteen de- 
velops the anemic state. Sickle cell anemia, therefore, is considered relatively 
nncominon when compared with the .sickling trait or sicklemia. Reports on the 
incidence of the sickling phenomenoir in Negroes outside the United States are 
few ; to date, we have found only three such i’cports''“ in medical literature. 

Because it has been demonstrated that diminishing the oxygen ten.sion of 
wet preparations of the blood of patients with sickle cell anemia or sicklemia 
will cause the majority of eiythrocytcs to assume the sickle shape, it appeared 
important to detemine whether the high altitudes reached by Negro fl.mng per- 
sonnel might increase the degree of sickling in vivo and lead to the development 
of s\-mptoms. No reports on the effects of diminished oxygen tension in \-ivo on 
the sideling phenomenon could be foimd in the literature. 

At the Tuskegee Ai-my Aii-field the flmng personnel is predominantly Negro. 
The aviation cadets are all Negroes, and since 1941 pilots eompri.sing fighter and 
bomber groups have received tlieir preflight, piimaiy, basic, and advanced train- 
ing at that airfield and near-by Moton Field. On acceptance for aiiation training 
all preamation cadets undergo thorough physical and psj-chiatnc examinations 
similar to tliose given at other fields. These men are a select group, and the per- 
centage of eliminees in both the preflight and flight groups compares favorably 
with otliers in the Southeastem Training Command. Searching physical exam- 


inations are repeated at regular intervals during the training period,- they in- 
clude chest roentgenograms, serologic tests for syphilis, and urinalyses. 

When the Negi'o was first assigned to aviation training, some doubt was ex- 
pressed by physicians as to the physical capacity of those men with the sieklin" 
trait to tolerate high altitudes. No empha.sis was placed on this problem, how° 
ever, because it was expected that the routine use of oxygen would eoim’teraet 
any undesirable effects resulting from diminished o.xyg'en ten.sion. From the 
beginning, routine wet preparations of the blood were not obtained, and no 
incidence of the sickling phenomenon was detei-mined. However, in over 1 500 
cadets under training, none have been eliminated because of proved fl.mn<^’de 
ficicneies arising from the sickling trait or active sickle cell anemia ‘ 

Early in 1945 we decided to study the incidence of sickling in Negro ama- 
rt^dets to doternnne whether there wa.s any significant difference in the per- 

Received for publication. Dec. 2S. 1945. 


769 



770 


IIKNDKKiSOX AND THOKNKIiD 


ceiitagc of elimination between tlic groups liaving (he sickling trail and the 
“normals.” A small gronp of combat returnees was also observed for the 
sickling trait. It was our opinion that, if the relative incidence of sickling was 
preserved in various stages of training atul in the returnees, this would aid in 
eliminating the sickling problem as a barrier to high altitude flying. In ad- 
dition, to invo.stigate fuidber the efiects of high altitude on persons with 
sicklemia, a small grou]) of cadets was .selected, on a volunteei' basis, for obseiwa- 
tion while on a .simulated flight in the low i>i’es.sure chamber without oxygen. 

Stdfislival Evidence Thai Ihc Presence of Sicldemia in Flying Personnel 
Docs Noi Lead io Their Elimination From ihc Air Services . — Two hundred 
sixty cadets in vailous stages of training were examined for sickling by the wet 
])rci)aration method. Two preparations were made from capillary blood on each 
subject. If after forty-eight hours these }>rej)arations failed to reveal sickling, 
they were labeled as negative. Slides were read at the end of twenty- four and 
forty-eight hours. It has been our experience, as well as that of Sherman,' that 
too many factors enter into the sickling ])henomcnon to attempt to gauge cor- 
rectly the degree or time of appearance of sickling^ on the wet prejiaration; 
therefore, no aftom])( was made to determine accurately the percentage of sick- 
ling on any wet preparations. They wore cither declared negative or ijositive. 
Later, erythrocyte counts, thin blood fibn.s. and sedimcJitation rates were stud- 
ied in a representative number of the.se men for evidence of active sickle cell 
anemia. 


Tabi.e r. lxcii>E.\cK or Sicklemia ik C.vbkts and Co.mh.vt 1?etui:xeks; .Vll CAnKT.s On.sKitvrn 
FOR Mini.mai, Period Coverikc Oxe Phase or Tiiaixi.vo 


NUMBER 

EXAMINED 

STAGE 

OP 

TRAINING 

NUMBER 
POSITIVE FOR 
SICKUNO 

PER CENT 
SICKMNG 

NUMBER 

NEGATIVE 

EEIil* 

INEES 

PER CENT 
NEGATIVE 
EEIM- 
INEES 

NUMBEi: 

SiCIvLING 

ELIM- 

INKES 


152 

Primary 

11 

7.24 

43 

30.5 

2 

Si9 

SO 

Basic 

0 

7.5 

S 

lO.G 

0 

0.00 

2S 

Advanced 2 

7.14 

0 

00.0 

0 

0.00 

52 

Heturnees 4 

7.7 

— 

— 

— 

— 

312 


23 

7,37 

51 

23.7 

C> 

11.70 


iVll cadets in our series M’cre observed for a minimal period of three monih.s. 
Of the 260 cadets examined, 152 'w'cre beginning their primary training. An- 
otlier twenty-eight men were examined at the time of the last irliysical examina- 
tion prior to receiving their commissions; the other SO were in basic training. 
In addition to tlie 260 cadets examined, an additional fifty-tivo combat returnees 
were examined by the wet preparation method. 

The results of our suiwey are presented in Table I. Note that a comparable 
incidence of sickling is preseiwed throughout all groups studied, although the 
total number in the individual groups is small. The percentage of eliminees 
wdth sicklemia in the primary and basic groups is less than in tliose not showing 
the sickling trait. This may not be significant but does indicate that those with 
sicldemia were at least maintaining a I’epresentative number in the various stages 

of training. 












LOwr.uKO oxYor.N tknsiox with sk’ku'.mia and su’KLi', cr.i>i. ant.mia 771 


During the primarv phase of Ivaiuing uo high altitutlc missions were ac- 
complished. In advanced training, liowcvcr, junnerons high altitude mi.ssions 
were flown; the percentage of sickling wa.s coinparalde with the total nuinl)er of 
cases of siclding found and to the general incidence of this condition. The four 
combat returnees with the sickle trait had flown both high and low altitude mis- 
sions n-ith the u.se of oxygen as is required of all pilots. The eiythrocyte count, 
hemoglobin, reticulocyte count, and urine urobilinogen elimination were within 
noimal level. The thin blood film i-cvoalod no tyincal sickled eells. There had 
been no unusual effects experienced while on high altitude missions. Total mis- 
sions of these men ranged from 57 to 110 per pcision. 

None of the twenty-three men po.sitivc for sickling had the drepanoeytan- 
emic or eunuchoid habitus dc.se ribed by ot hoi's'- they were classified as phy.s- 
ically fit. There was no histor>’ of anemia, unusual or prolonged abdominal 
pains, ,ioint pains, re.sistant leg ulcci-s, or ,iaundice. Em-throcA-te counts per- 
formed on fifteen of these men varied between 4,200,000 and 5,840,000. Hemo- 
globin content and white blood counts Avere unthin the noi-mal range. 

Effect of Lowered Orxjycn Tension Induced in the Low Pressure Cheimher 
on the Blood of Persons ^Vith Sietde Cell Anemia einel the SicJde Cell Trait . — 
Four subjects with sicklemia (Cases 1 to 4) and four controls (Cases 5 to 8) 
were utilized in this study. Four of the patients (Cases 1. 2. 5, and 6) had 
one previous experience in the low pressure chamber. They ranged in age be- 
tween 20 and 24 years. One patient with active .sickle cell anemia, a Chilian 
resident of the near-by toumship. also volunteered for a simulated flight in the 
chamber. This subject had recently been discharged from the amy because of 
anemia. He had a history of numerous acute episodes of joint pain, jaundice, 
and dyspnea on effort. At the time of examination he complained only of mild 
joint pains. He was able to perform his duties as an attendant at a neai'-by 
hospital without dyspnea. Physical examination revealed a eanaiy-yellow color 
of the sclerae, apical systolic murmur, healed ulcei-s of the leg, and a drepano- 
cA-tanemic habitus. The diagnostic parameter Avas 30.® Previous ex'ythrocA-te 
counts in our laboratory varied betAvecn 2.7 and 3.2 million Adth reticulocjffe 
counts of 6.2 and T.o per cent. There AA'as 8 per cent sickling of eiythrocA-tes on 
the Wright's stained film; from 20 to 25 nucleated red blood cells wm-e found per 
1,000 erA-throcytes. The packed cell volume Avas from 30 to 32 mm. The white 
count A’aried between 12,000 and 14,000 AA-ith 6 per cent eosinoplnles. 

Physical examination and hematologic .studies of the subjects Adth sicklemia 
and controls Avere AAithin the range of normal. 


It was felt that total time of the simulated flight and the heidit reached 
would be dependent upon the physical capacities of the tested pereonnel to with 
stand the lowered oxygen tension. It was believed that it would be necessarv 
to shorten the tost when obseiwations Avere made on the subject Adth active siekl'e 
CO 1 anomm. Theoretically he AA'as in a state of clironic oxygen want and the to- 
tal oxygen content aa^s loAvei-ed. LikcArise, there wa.s a probabilitv that in- 
creased sicldmg might result m mti-ava-sciilar hemolysis and thrombosis Be- 
fore sulyieets entered the chamber, the folloidiig studies Avere made- em-thro 
cyto count, hemoglobin determination, rcticulocA-te count, thin blood films slained 



IIKNDKIJSOX .\XJ) TltOUN’KM. 


t I 


70 


witli Wriglil’s sfaiii, we( propjii-a lions for si<')din<r. m-iiijilyscs for urobilinogen, 
ieloric index, pulse rate, blood liressnro. and activity of I'cfloxcs. Three sub- 
jcels (Cases 2, 4, and 9) had ck'ctroeardio<rra])Iii(; studies iimnediafely before 
(light; in addition, two (Gases 4 and 9) had iTientgen-ray examinations of the 
heart. All examination.s listed were ivpeatcd after the descent. During the 
simulated flight rclieiilocyto j)rej)a rat ions, dry thin blood film.s, and wet prepara- 
tions were obtained at various levels. Tiiin blood films were reported positive 
for sickling, if the erylhi'oc.vte assumed (ho typical .shaj)c of the sickled cell. 
Close observation of the sub.iects for numtal changes, visual dis(urbance.s, blood 
ju-essurc changes, pulse rate, and i-cflcx activity were also made. Oxygon was- 
administei’ed at the rcque.st of (he individual subject or wlien, in (he opinion 
of the e.xaininors, it wa.s thought nece.ssary. 

Oxygen arterial saturation levels were obtained on Cases 4 and 9 by means . 
of the oxygon tensiometer which is a i-elatively inexact method for determination 
of the percentage of arterial oxygen saturation. 

h’orly-eight horn’s after completion of the test, erythrocyte counts, urine 
urobilinogen levels, and icteric indices were i’e])cated on the subjects with 
sicklemia and active sickle cell anemia. It is jccognized that the ietcrie index 
and the amount of urobilinogen excretion in the urine do not j>rovidc accurate 
methods for e.stimating the degree of hcmol,v.sis, but facilities were not available 
for fecal urobilinogen determinations or ])la.sma hemoglobin measurenieut. 

i{K.sui/r.s 

The results of our studies ai-c pre.scnted in Table II. All subjects except 
tliree (Cases 4, 5, and 9) were administered oxygen at 15,000 feet. Two suhjeel.s 
(Cases 4 and 9) wore taken to 16,000 feet where after five minutes it was con- 
sidered necessar.v to administer ox.vgen to one (Case 4). The other (Case 9), 
(he subject with active sickle cell anemia, eonfran' to expectation, revealed less 
clinical eWdenee of oxygon want than any of the subjects. Ilis ability to read 
the type I Jaeger chart at 15,000 feet .siui>a.sscd that of the otliers. lie was more 
relaxed and appeared fairl.v comfortable at the higher levels. Another subject 
(Case 5), an excitable and apprehensive person, needed ox.vgen at 10,000 feet. 
Two individuals (Cases 3 and 6) developed pronounced extrasystolcs at the 
15,000 foot level; these extras.vslolcs disappeared on descent. One subject (Case 
9) was given oxj'gen in amounts comijarable to that at ground level fora period 
of ten minutes after five minutes without oxygen at 16,000 feet. 

In Table II, the results reveal no evidence of inci-eased blood destruction. 
The erythrocyte count was fi’ccinently but not consistent l.v increased after 
descent, but the reticulocyte count showed no cliange. Signs and sjunptoms 
of oxygen deficiency were not unusual for the .subjects with sicklemia and tended 
to follow the general pattern of our controls and other healthj'- subjects in the 
Armj^ under diminished oxygen tension. A gradual increase in pulse rate, 
blood pressure, and activity of reflexes usually occurred and at 15,000 feet 
vdsion was sufficiently blurred to cause difficulty in reading the tj’pe I Jaeger 

chart. 
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There Wiis a moderate iiiereiise hi the iierccutaj^e (jF siekliiif^ .-is observed by 
the Wi-igiit ’« stained thin film taken at various levels and dejnees of loweriiiK 
of the oxygen saturation in (base if. After 1<‘n minutes of oxygen at lG,flOO feel 
a decrease in the degi'ee of sickling was note<l. These findings are denionstratod 
in Table 11 and Fig, 1. During the descent no oxygen was administered to this 
subject. His increase in erythrocytes was greater than the others and follow- 
up studies showed no evidence of any marked increase of hemolysis. Two 
mo]iths later his erythrocyte count was fbG million, and S per cent sickling on 
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Fig”. 1. — 'Percontage of oxygon .‘•aturatlon of blood at various altiliules up to lo,000 fee 
in a c«a5e of siclclcnila and iC.oni) feet in a subject with active sickle cell anemia as deten-nmeu 
bj’ tlio oxygen tensiometer. Active sickle cell anemia subject given oxygen (approxinmieg 
JO per cent) ten minutes at Ifi.HOO fe*‘t. The sicklcnna revealed no immediate .sickling. 


the Wright’s .stain. Examination of the wet and dry jireparations taken im- 
medialel.r on the otlicr subjects revealed no change. After twent.v-four liours 
wet preparations obtained from the sul)jeel.s with sicklemia were positive for 
sickling. 

Blectroeardiograpliic and roentgenologic studies made before the test re- 
vealed no .significant change after completion of the test. 


coaiaiEXT 

From our observations the incidence of sicklemia in the various training 
groups of Negroes at the Tuskegec Army Airfield is consistent with the reported 
incidence of this abnormality. Allliougli the nnmber of eases studied was small, 
it appears that the sickling trait played no significant part in the elimination 
of Negro cadets for flying deficiencies. 



LOWKRHD OXYGEX TEXSIOX WITH SICKLEMIA AND PICKLE CELL ANEMIA ( H) 


^\^introlie’" slntcs that there is no c^'itlencc of definite geographic or racial 
differences at sea level in regard to the amount of hemoglobin or the number of 
erjihrocytes in the circulating blood. Hurtado and a.ssociato.s” have presented 
an excellent study on the influence of anoxemia on tiie hemopoietic sj'stem. 
They believe that, in states of temporaiy anoxemia similar to our studies, any 
polycythemia noted is probably the result of a release of stored red blood cells 
and hemoconcentration ; that corresponding to a repeated or constant exposure 
to a low pressure eindronmcnt is related to an erythropoietic hyperactivity. 
In temporaiy anoxemia there are individual responses, and even a decrease in 
eiythroeytes may occur. 

Our subjects who volunteered for a simulated flight in the low pres.surc 
chamber ivcrc all healthy physically fit young males, until the exception of the 
man ivith active sickle cell anemia who could be clas.sified as being in a state 
of chronic oxygen want. Our obseiwations were primarily directed toward the 
detection of any evidence of ma.ssive ern-throcj-te destruction as a result of a 
lowering of the artenal oxygen tension to the levels of human intolerance in 
peisons until the sickling trait. No sickling was obseiwed immediately in any 
of the subjects until sicklemia and increased ein-throci-te destruction was not 
detected bj* our methods of testing. The subjects unth sicklemia varied in their 
response to high altitude as did the controls. Phy.sical responses to lowered 
oxygen tension were not remarkable. 

The results observed in the subject with active sickle cell anemia deserve 
further study and indicate that there is a gradual increase in sickling propor- 
tional to the decrease in the oxygen tension. However, an adequately sensitive 
eompensatorj’ mechanism resulted in an increase in erji:hrocytes which sufficed 
apparently for his oxygen needs. This increase was evidently the result of a 
release of stored red blood cells. It would appear that, although this subject was 
already in a state of oxygen waM, he was able to re.spond even better to a 
diminished oxygen tension than md the controls or subjects with .sicklemia. 
There was no emdence of massive erythrocj-te destruction in this subject, al- 
though, as previously stated, it is recognized that determination of urobilinogen 
excretion in the urine and the icteric index do not proiide accurate methods for 
estimating rates of red blood cell hemolysis. However, an erj-throcyte and 
reticuloej-te count obtained simultaneously with these two tests* should reveal 
the presence of massive hemolysis fairly accurately 

It is unfortunate that more aciirate methods could not he used in this stiidv 
The precautions outlined by Sherman® in obtaining blood from the patient with 
sickle cell anemia would have presented much better evidence of increased 
intravascular sickling, since the role of atmospheric pressure in causin- this 
phenomenon cannot be excluded. “ 


However, the decrease m sickling noted after administration of oxv-ren 
mmmnzes to some extent the effect of atmospheric conditions on the eml^-o- 
cytes m vitro and is compatible with the studies of Eeinhard and as.soeiate.s-’ 
who administered high oxygen concenti-ations to .subjects with sickle cell anemia 
and obtained a decrease in the degi-ee of sickling. 
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SUMJIAIIY AND CONCLUSIONS 

In <‘i study of llic incidence of .sickieniiii anion" Ncfiro cadets in various 
stages of training and eoniliat i-oturnees, wo found an incidence of 7.37 percent 
wliieh comjiai'cs favoralily witii tiio over-all percentage of sickling in llie Xegro 
race. There was no evidence of an incrca.sod elimination of cadci.s liceaiiso of 
the sickling trait. 

Under lowered arterial o.xygen tension near the levels of human intolerance, 
none of the subjects with sicklemia who were tested revealed evidences of ini- 
niediatc intravascular sickling or inei-ea.sed orytlirocytc hemolysis. 

A volunteer subject with active sickle cell anemia withstood the lowered 
oxygon tension oven better than did the individuals with sicklemia or the con- 
trol subjects, although there wa.s suggestive evidence of inerea.scd infrava.scular 
sickling. Administration of oxygon for a short period resulted in more nonnnl 
ciythroeytes. This suggests that adequate administration of oxygen will protect 
patients who have active sickle cell anemia under conditions whicli ordinarily 
will result in a lowered oxygen tension and increased intravascular sickling. 
Even without oxygen tlierajiy there was no evidence of massive erythrocyte 
destruction. 
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THE BONE MARBOW IN' llEMOPII ILIA DL'RIN’O LIFE^ 

A S-n-nY OK Tin: Ciii.i.ui.au Eixmuxts and tiii: Coacu'i.ation Time ok tiii: 

^lAititow Bi.oon 


Louis R. Limakzi. :M.D.. IIenmiy O. Ponciiek, M.D.. axi> Caiiiioei, L. Biucii, M.D. 

CmCAGO, ll.E. 

T he bone lUiUTow in Iicmopiiilia cluriii" liL; has not been studied. In fact. 

heniopliilia is the only condition listed in Avbich sternal puncture is contra- 
indicated.' Bone inariwv studies in this disorder have been limited to autopsy 
material. Custer and Krumbliaar' reviewed the literature and studied in detail 
the histopatholo<ry of the hemopoietic tissues in three patients Avitli hemophilia 
who died in various phases of the hemorrhagic disorder. As hemophilia is 
characterized by a prolongation of the coagulation time of blood, the mega- 
karyocytes of the bone marrow were of particular interest. The coagulation 
time of the marrow fluid was determined and compared with the coagulation 
time of the peripheral blood. 

METHODS 


The method of sternal aspiration and preparation of the marrow specimens has been 
reported in detail in a previous paper.s Under a«eptic tecimique and procaine anestlip,sia the 
sternum is punctured in the second or third interspace with a specially devised 16 gauge 
needle. The needle is forced into the bone perpendicular to the sternum until a sudden 
“give” indicates that the marrow cavity has been reached. The stylet is then removed. 
With a tightly fitting, dry 5 c.c. syringe, about 1 c.c. of material is aspirated and imme- 
diately placed in a paraffin-lined tube containing a minute amount of heparin. AVithont 
delay a second dry syringe (10 c.c. size) is attached to the sternal needle, and from 3 to a 
c.c. of marrow fluid are aspirated. This “marrow blood” is practically devoid of hemo- 
poietic elements, since most of the marrow elements are removed in the first 1. c.c.; it is 
expelled carefully into a clean dry sterile serologic tube 21 mm. in diameter, care being 
taken to prevent the formation of air bubbles. The tube is tilted every one or two min- 
utes, and uhen the tube can be inverted without the blood flowing out, coagulation is con- 
sidered complete. 

The 1 c.c. of heparinized material consisting of sinusoidal blood, liemopoietic marrow, 
and fat is pipetted into a hematocrit tube and centrifuged from 2,000 to 2, .500 r.p.m. for 
five minutes. Centrifugation separates the following layers reading from top down in the 
tube; (1) fat, (2) plasma, (u) mveloid-erythroid cells (this layer also contains the meon- 
karj-ocytes), and (4) erj-throcytes (sinusoidal blood). The heights of the several layers are 
recorded. The fat and plasma are removed separately and discarded. The myeloid-e'rythroid 
layer, together with a small amount of the erjThroeyte layer, is pipetted off separately’ trans- 
ferred to a paraffined watch glass, mixed, and from this material films are made and stained 
with AYn ght’s stain and studied microscopically for cell distribution and tvpe® 


From the Department of Interna! Medicine and the - x- ■ 

of Illinois. College of Medicine. un-me ana rne Department of Pediatrics, Univer.sit.v 

The.se studies were made possible, in nart ihmn,.!, o „ 

Chicago, III. • ‘"rough a grant from Armour and Company. 

Received for publication, March 30, 1946. 

Kov. sfisiu'’*'''*'’ Central Society for Clinical Research in Chicago, Hi.. 



77S 


MMAitzr, roxc’iiKii, Axi) imu'ii 


liiiinoiliiitcly j)ro(!i‘(liiig tin; inarrow aspiration, 30 c.o. of iicriplioral Mood arc tvifli- 
drawn by voiiipuiK'tiiro into a dry, slcrilu syriiifjo. 3'’iv(,> aubit; contiinotors of llic blood are 
expelled carefully into n clean, dry, sterile .scrolof^ie tube 2! iiini. in diameter, and tlie 
coagulation time is detertiiiiied (Howell’s method). Tin* reiuaining d c.c. of blood are 
transferred to a bottle containing a measured amount of atmiionium .and pota^Kium oxalate 
mixture :is an anticoagulant. This blood is .shaken thoroughly and used iniaiediately for 
the following studie.s: hemoglobin determination, eryihroc.yle and leucocyte coiint.s, differ- 
ential counts, and reticulocyte and jdatelet e.slinuilion.s. Th«' vedume of packed cc!!.«, .‘■cdi- 
mentation rate, and icterus index arc determined by AVitifrobe’.s method. i> Mean cor{)us- 
ciilar volume, hemoglobin, nml lieinoglobin eone<mtrntion are then comimted. 

When the stained films of the marrow nre .studied, the ratio of (he myeloid to the 
erythroid eelks, tlie disiier.sion of the miele.-ited red cells, the di.s[)ersioii of the myeloid series, 
and a differential count, of the inegaknryocyfe.s designated ns young, adult, and degenerated 
are recorded. Under ymmg forms are included the j;r(u«egaUaryoeytes, the, earliest tyjie of 
megakaryocyte, seen ehietly in e.sseniial thrombocytie jmrpiira and (he intermediate forni.= 
seen u.sualiy in chronie hemorrhage. 

In recording tlio erythroid sorie.s tlic terms pronormoblast, basophilic, pelyclironia- 
topliilic, and ortliochroinatic (aeidoji)iilic) normoblasts are n.sed in order of their increasing 
maturit.v. Similarly for the myeloid .‘•erics tlie terms myeloblast, ])romyeloeyto, myelocyte, 
metamyelocyte, b.'iad, and polymnrphonueh’ar are used. J’lasma cells, tissue cells, lympho- 
cytes, and monocyte.s are noted when pro.sent but are not ineluded in flie count.® u.'ed to 
dctcnniiio the foregoing jiercentnge relationsliip.s, 

Otlier laboratory determinations such as clot retraction and bleeding time, tourniquet 
test, idasma ascorl)ic acid, and i)rothrombin time were performed. 


HUSt’IArS 

Four patients witli lieiiiophilia were .studied during varioii.s .stage.s of ac- 
tivity. All fotir sub.iet't.stliad typical hereditary and individual historie.s of 
bleeding epi.sode.s tind litid been followed for a niiiiiber of years in the pediatric, 
ortliopedic, and niedieal ward.s." The two younger boys bad heinopbilic .ioint.s; 
the Xegro with hoinopliilia bad a log operation at wliieh time the hemophilic 
condition xva.s di.seovered ; and the fourth patient, a 51-year-old man, had a 
carcinoma of the penis. In Table I the coagulation times of the jieripheral 
blood and bone marrow blood are compared with similar studies in a variety 
of hematologic, disorders and other clinical conditions. In two patients with 
heiuophilia studied during the remission phase, the blood studies and the coagu- 
lation time (Howell’s method) of tlie peripheral blood were 20 minutes and 
25 minutes, respectively, while the coagulation of the bone marrow blood was 
25 minutes and 29 minutes, respectively. These values arc normal and within 
the range of technical error. In the txvo snb.ieets with liemophilia .studied dur- 
ing an exacerbation of the hemorrhagic disorder, with a macrocytic anemia m 
one stibject and a uormoeytie anemia in the other, the coagulation time of the 
blood was 90 minutes and 150 ininntes, respectively, wlnle the marrow blood 
coagulation time was 150 minntes in both snb, 3 ect.s. 

In normal controls, patients with pol.veythemia vera, normocytie, tnicro- 
cjdic liypocliromic (due to liemorrbage), tnacroc.i’tie anemias, leueemias, and 
thrombocytopenic purpura, the coagulation time of the marrow blood varied 
between 15 seconds and 3 minutes while that of the peripheral blood taken 
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TATiu: I. Labouatopa- FINDIN-GS IN'. BLOOD AXD BoxE I’^'TIKNTS with 

IIEMOPIHLTA and \AK10US CiANICAL BlSOUDLItL 


Hemophilia T.S. 

Homopliilia I.H. 

Hemophilia H.B. 

Hemophilia T.B. 

Normals (-1)* 
Pernicious 
anemia (2) 
Xormocytic 
anemia (1) 
Hemorrhagic 
anemia (2) 
Refractory 
anemia (1) 
Leucemia (1) 
Thrombocytopenic 
purpura (1) 
Polycythemia 
Vera (2) 

Cirrhosis of liver 
with jaundice (1) 
Infectious mono- 
nucleosis 
Pulmonarv- 

tuberculosis (1) 


Blood 


£ c 
6- “ ^ 
fC M 
c zc 

Kgs 

5 S 


IC 

P c 

Vi 

^ rt 5 

^ 

c > ^ 

d o P. 


U. t: 

o S 


t: ' 

u ■ 


Bone AIaeeow 


2 

y- 5". 


rz z,y 


~ q 'r. 2 


51 

3.0 

20 

6 

Normal Normal 

Ncg. 

25 

iVa 

W. 

20 

3.5 

25 

2>/c 

Normal Normal 

Neg. 

29 

O 

L> 

C. 

12 

4.0 

190 

1 

Normal Normal 

Neg. 

150 

6 

W. 

3 

5.0 

150 

IS 

Norm.al Normal 

Ncg. 

150 

4 

■w. 






o ^ 



IG 

15 

15 

1-J 


12 

10 


2.15 

2 

1.31 


{) 

G.-IO 

4.25 


2.15 

.3.30 

1.3 


♦Number of patients. 


from the arm A'ein ranged from 5 to 18 miimtes. In a subject Avith pul- 
monary tuberculosis the relationship of the coagulation time of the marrow 
blood to that of the peripheral blood was from ,3 to 4 minute.s, 25 seconds, and 
in a subject with infectious mononucleosis the marrow blood coagulated in 13 
minutes while the peripheral blood clotted in 6 minutes. 30 seconds. 

The peripheral blood (Table II) in the two patients AA-ith hemophilia re- 
vealed a macrocytic and hypochromic anemia in one patient and a normoeytic 
anemia in another ; in neither patient was the anemia seA-ere. In both of these 
patients there was a slight polymorphonuclear leueocytosis and a normal to in- 
creased number of blood platelets. The other blood studies showed no signifi- 
cant change from normal. 

The bone marrow (Table II) in two subjects with hemophilia, studied 
during the remi.ssion phase AA-ith normal blood findings and coagulation tim e, 
rcA ealed a noiuicd cjuantitatiA’e and cjnalitatiA*e eiwthroid and mA*eloid pattern. 
Tlie megahai'A OCA tes A\ere cpiantitatively and morphologically normal. There 
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were Jarge Jiiunber.s of jioniial appearing platelets and iiiany free iiiegakaryo- 
c.vte Jiizelei. The mature tyjie.s of megakai’yoeyte.s were inereasod in numlter. 
The two patients with hemophilia who were studied during a bleeding episode 
revealed a hyjzerplastic bone marrow .(>»y<’5oid-erylliroid volume). The ma- 
ture tyj)e.s of megakaryoeytos were increased and. as in tlic first two subjects 
with hemophilia, there were large ziunibers of formed- jdatelets and free inega- 
karyoeyte nuclei. 

co,m.mi:kt 

In the i-ejiorted neci'Ojtsies on heniojjhilia either the bone marrow was not 
examined or little of histologic significance eoneeniing the marrow picture was 
reported.' Ificker'-' stated that tlic vertebral and femoral marrows were not 
hyperplastic. Custer and Krumbhaar,' who were the first to make a compre- 
hemsive histologic .study of the bone marrow as well as of the other hemopoietic 
tissues, remarked that the histojmfhology of the hemoj)oietic tissues in hemo- 
philia was an unc.xplored field. In the throe jiatients i'e])orted on by Custer 
and Krumbhaar the blood forming tissues all showed noi’inal regenerative abil- 
ity’, the first two were predominately erythroblastic in character and the third 
showed a leucoblastie type of regeneration. All three jmtients .showed a 
marked increase of early tyiies of the thrombocytic scries (nicgakaryobla.st.s) 
and megakaryocytes. The moiphology of the megakaryocytes did not vary 
from the normal, and Wright’s figures (p.scudo])ods of the megakaryocyte cyto- 
plasm) were occasionally observed. Autopsies were izerforined on Custer and 
Krumbhaar ’s patients following hemorrhagic episodes. 

In our four izatients with hemophilia the bone marrow pattern (Table II) 
could be correlated with the stage of the hemorrhagic disease. During the 
bleeding jzhase of the disorder with a izrolonged coagulation time, the bone 
marrow shoAved a uniform hyjierjjlasia of all elements with varying de^rrees of 
myeloid and ei’ythroid In-perjdasia. The jnegakaryocA-fes irere increased m 
number but Avere morphologically normal. During the remi.ssion phase Avith 
normal blood findings and a noi'inal coagulation time, the bone marroAV re- 
vealed a normal erythroid and myeloid pafteni, and the megakaryocytes AA’cre 
nonnal in number and morphologj’. In all the marroAA’s tl)e number of formed 
and morphologically normal platelets Avere increased Avith numerous free 
megakaryocyte nuclei. The augumented megakaryocyte nuclei may be due m 
part to the mechanical damage or rupfAire of the large megakaryocytic mass 
AA'ith extrusion and breaking up of the larg'e multilobulated nucleus. This 
mechanical mechanism does not account for the largtf numbei-s of formed plate- 
lets. The predominant number of adult megakaryocytes AA'hich exceed the total 
of both immature and degenerated ty2ies of juegakaryoeytes is eAudeuee of an 
accelerated 'rate of platelet formation (Table II). Many of the formed ijlate- 
lets in the marroAV probabfv degenerate in situ in aucav of the fact that the 
periphez'al blood does not reflect the increased plateletogenesis in the bojie jnai'- 
roAv. In normal control subjects'' and in patients Avith thrombocytopenic pur- 
pura^ (Table II), the combined number of immature and degenerated types of 
megakaryocytes exceeds the mature or adult types of megakaryocytes. It is 
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interesting to note that in acute tliroinbocytopenic purpura with iiemorrhage 
there is a inegakaryocytic hyperplasia of the young fornis (iniinatnre), and in 
the less acute pliase or chronic stage the mature types appear; however, tlie 
platelets are markedly decreased or absent in both the bone marrow and periph- 
eral blood. This is due to faulty maturation and a lack of ])latelet formation 
of the megakaryocytes in the bone marrow.’’ 

The origin, formation, and morphologic description of the megakaryocytes 
in human adult bone marrow under normal and pathologic conditions has been 
discussed and illustrated elsewhere.’’ ilatui’C megakaryocytes are thought to 
be formed from the myeloblast through a process of heteroplastic hemopoie.sis 
in contrast to the homoplastic hemopoietic development of the myeloid*” and 
erA'throid cells.* If this concept is correct, any disturbance involving the stem 
cell (myeloblast) will eventually interfere with the normal develop2nent and 
platelet formation of the megakaiyocyte in the bone ^narrow. The formation 
of platelets occurs by a proce.ss of budding or by detachment of poi’tions of the 
cytoplasm (Wright’s figure) of the megakaryocytes in the bone marrow. It 
occurs as a normal process and more frequently by cytolysis of the cytopla.sm 
of these cells as obseiwed in aspirated human bone marroAV.” 

The increased number of platelets and free megakai’A'oc.vte nuclei seen in 
the marrow of patients with hemophilia is similarly obseiwed in the maiTOAv 
following acute hemorrhage. 

The coagulation time of the marrow blood in patients witir hemophilia 
equaled or exceeded the coagulation time of the blood taken from the arm 
vein. In one subject the marrow coagulation time was one hour, longer than 
that of the peripheral blood. On the other hand, in normal controls, blood 
disorders, and various clinical conditions the coagulation time of the peripheral 
blood was seA’eral times that of the marrow blood. The only exception Avas in 
a patient Aidth infectious mononucleosis in which the marroAv coagulation time 
exceeded that of the peripheral blood. 

The cause of the prolonged coagulation time of the marrow blood in hemo- 
philia and the accelerated rate of platelet formation in the bone marrow is not 
entirely clear. One may speculate that there exists some relationship which 
results in a type of platelet that is morphologically normal but physiolo'rieally 
abnormal (in other words, an immature tA-pe of platelet which is phA-siolorieally 
and abnormally resistant due to the accelerated rate of the plateletoo-enisis in 
the bone marrow), and this is reflected in the peripheral blood bv Increased 
stability of the platelets. The abnormal plateletogenesis in the mareow mav be 
due to the abnormal environment .(hemophilic marrow plasma) or mav equallv 
well be regarded as an abnormal environment (prolonged marrow coanulation) 
due to the abnonnal plateletogenesis Avhich results in the slow liberation o- 
thromboplastin from the platelets. ^ 


COXCLCSIOXP 


1. In patients Avith hemophilia who have a coagulation time of 9 Loni^ 15 
minutes, sternal aspiration is not a contraindication. “ 
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2. The iiicgakiir.voc.vle.s in (Ik* Ijoiie niarrow in jjaticJiis ivitli Jiciaopliilia are 
moi'plioiogieally iioniial. 

3. The incyalcaryocylcs in (lie hone inar/'ow in Milijcets Avitii Jieiaopliilia 
appear lo have an aceeleratcil rate ol.‘ niaturaiion and jilalelet J'onaatioii when 
compared with tlie maturation I’ate and platelet formation seen in (he I)one inar- 
roAV in various other clinical conditions. 

4. Tlie )iyi)erj)lasia of (lie myeloid and erythroid eiement.s can be definitely 
correlated with the heniorrhajrie tendency of the di.sea.se. 

5. The coagulation time of the niari'ow blood in jiatients with heinopliilia 
c.xcceds the coagulation lime of the peripheral blood in contrast to the reverse 
relatioushii) observed in normal individuals and in various clinical conditions. 

G. Tlie abnormal rate of iilatcictogcncsis in the bone marrow and the in- 
creased coagulation lime of (lie maiTow blood may be a.ssocialcd ■with the path- 
ologic physiology of hcino])hiIia. 
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AN UNUSUAL CASE OF GENERALIZED ANASARCA APPEARING IN 
AN BIPOUNDED DOG WITH CIRRHOSIS OF THE LIVER 


Lilliak Eiciielbeugkr, Pii.D., and INIiciiael Roma 
Chicago, IlIj. 


WATER AKD Et.ECTROLYTE DISTRIBUTION IX BLOOD AND TISSUE 


T his report of a case of generalized anasarca of nnknoMai origin in an im- 
pounded dog is of special interest not only because of the anasarca but 
because of the presence of an extensive ascites. The purpose of this paper, 
therefore, is to present data on the rvater and electrolyte distribution in blood 
and tissues of an animal with an extensive gi’oss edema of the entire body. The 
data obtained should indicate po.s.sibly a maximum di.sturbanee in the equilibria 
of water and electrolytes of the body under conditions of gross edema and 
ascites. 

A Boston bull terrier, male, weighing approximately 12 kilograms, was 
received from the pound (Fig. 1). He ivas unable to stand because of the ex- 
treme gross edema of the hind- and forelegs which had transformed the ex- 
tremities into useless trunks because of their weight. The presence of a large 
volume of ascitic fluid further hindered his power to stand. Extreme pitting, 
soft edema was distributed throughout the body, even the face was swollen. 
The skin of the legs and abdominal ivall oozed under the least pressure produced 
by slight rubbing. The subcutaneous fluid could be shifted around with a 
change in the position of the animal. The dog was therefore anesthetized and 
operated upon. 

Since the subcutaneous fluid and edema obscured the femoral vein for nem- 
butal injection, the region was cocainized, an inci.sion then made, and the vein 
exposed for injection of the anesthetic. Blood was taken from the exposed 
femoral artery, 20 e.c. were withdrawn under oil for the serum analyses, and 
10 e.c. were defibrinated for whole blood analyses. After blood and tissue had 
been removed, the dog was killed. 

Autopsy showed that the dog had not eaten lately, for the stomach and the 
pale edematous gut were empty. The bladder also was empty. Tlie peritoneal 
cavity contained two liters of ascitic fluid; fluid was present in the pleural car-itv. 
The heart and kidneys seemed normal in size. There was no endocarditis. Tlie 
liver was enlarged and cirrhotic ; adhesions to the surrounding r-iseera were not 
present. There was an increased fiiinness and a gross nodularity of the tawnv 
brown .surface. 

The microscopic changes® are summarized as follows. 


V tlie liver showed large areas of atrophy and disappearance of 

Uver cells ^vr h the blood smuses fomnng alveolar blood spaces. These areas ran acro« manv 
lobules usually sparmg the penportal region and not definitely related to the central' veL= 
Around these areas were masses of pigment -filled cells with some' leucoevtie infiltration Thi 


From the Departments ot Aletlicine and 
Beceived for publication. April 5 , 1S46. 
•Kindly done by Dr. Loui.s Leitor. 


Biochemistrj-. the University of Chicairo. 



78G 


i;icnKMii:i{(ii:i{ and doma 


portal areas in lliis part of ilio liver sliou-ed ilistentiun 0/ liile ducts nilli imietis, degeneration 
of tlio epitlieliuiu, and eoii'-ideialde iiiliitrnlion willi intlaminatory cells. In the area.s of 
hemorrhagic necrosis- lluTe -vvas- marked iiicrea'-e in eonneeiive tissue. The nlmlo picture 
sngge.sted an infection of the Iiile ducts with .some rdr-truclion, secondary tihrosi^, and a 
considerable destruction of lirer parenchyma nliich erentually would hare ended in a seu'rc 
biliary eirrho.sis. 

KuhKijn . — The sections showed relatively large glometuli nith thii-k frainenorl: or 
basement membrane witli modeiate inereas’ in tibrous tissue in some but no evidence of 
ehronic inllammation or aeute ehange. There were iif) Inrge senr.s and no protein in the 
glomerular sptiees. The tubules showed considerable degeneration witli jirotein and eiillnid 
droplets in the lumen of the eotivrduled tubule- and a few easts in the medullary region. No 
caleification and no interstitial intlammation nor icmatkalde ehange.s were seen in the blond 
vessels. There was no ovidenee of (irolonged tubular disease nilli atrojdiy and secondary 
tibrosi.s. All in .'dl, the kidiiey.s miglit be eoasidered normal for an old dog. e.wept for the 
tubular dcgeaeralion whieh eonhl be a terminal event. 

Iltorl . — The si'etions showed no interstitial edema, no evidence of intlammation. no re- 
miirkablc increase in eoiineetivo tissue, and no va.teular ehange.s. 

SLin . — The sections showed a mas-ive edema of the entire thiehaes.s with .swelling of the 
eollagen bundles of the eoiiuia and new eapillary formation in the loose snbepidermal rone 
and also in the deeper layers of the .skin. There vvas no mideaee of intlammation or infec- 
tion. The small arteries showed thick tibioii« media whieli miglit indicate the age of the dog. 



Ftp. 1. — Impoumleil (top sliowinp iisdto.s ami poncrallzocl nnnsjirc.a. 


FKOCKDUKKS AND MKTUODS 

Tile physiologic procedurc.s and chemical methods used here were the same as tliosc em- 
ployed in previous .stndie.s on blood,'- - skeletal nius-cle,=. ”• skin,-' and brain." Tlio following 
determinations were made: on the ascitic fluid, water, chloride, sodium, potassium, calcium, 
magnesium, total nitiogon, and NPN; on the serum, water, chloride, sodium, potassium, 
calcium, magnesium, NPN, total protein, and A/G ratio; on the whole blood, water, chloride, 
sodium, potassium, and coll volume; on the .skin, fat, water, chloride, sodium, potassium, cal- 
cium, magnesium, and total nitrogen; on .efcclotal muscle, fat, water, chloride, sodium, potas- 
sium, calcium, magnesium, and content of blood; on the cerebellum and cerebral hemispheies, 
water, chloride, sodium, potassium, and total nitrogen. 

All ascitic fluid, serum, aud blood analyses were made in duplicate. The composition 
of the red blood cells was estimated from the analyses of the whole blood and serum and 
the accompanying mc.xsuroraent of cell volume. All tissues analyses were made either in dupli- 
cate or quadruplicate. 
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The tiiialvtlc data on mn<-clc were subjected to the same method of calcu- 
lation as that used previously: to estimate phase volumes of skeletal muscle. Briefly, 

(F = ^ ^ ~ ^ ^x~ ^ 'vhieh (F) represents tlic amount of extracellular phase 

per kiloftram of muscle, and the subscripts M and S represent muscle and serum, respectively. 
From the value for (F) the intracellular phase (C) of 1 kg, of muscle was estimated: (C) 
=: 100 - (F). From the value for (C) the intracellular water (IJfi)c was estimated: 
(H,0)c = (C) - (S), in which S represents solids per kilogram of muscle. 

The tissues wore removed from the animal as follows: The chest and abdomen were 
shaved, and the skin was washed with distilled water and dried with gauze. A section of 
skin approximately S by 10 cm. was dissected from the ventral wall of the abdomen and 
chest and placed in a glass stoppered weighing bottle. One of the rectus abdominis mu.'clcs 
was then removed. ,\lthnugh these tissues a-erc handled with the greatest of care, some 
fluid was lost from them as they were being removed and quickly placed in glass stoppered 
weighing bottles. The removed skin and skeletal muscle were immediately placed on a tile 
and trimmed quickly to remove all visible connective tissue, blood vessels, and fat. The 
muscle was returned to the weighing bottle and minced with scissors, and aliquot parts were 
weighed for all analyses. The skin was cut into small strips approximately from 1..5 to 2 mm. 
and placed in a weighed, glass-stoppered weighing bottle and, after being weighed, was placed 
in an oven at 102° C. and dried to a constant weight. The dried skin was then extracted for 
neutral fat, after which the strips of skin were transferred quantitatively to a special ap- 
paratus and pulverized. The pulverized mixture was returned to a glass stoppered weighing 
bottle, and aliquots were weighed for all analyses. 

The brain was removed after the muscle and most of the bone bad been taken from 
the skull. The brain stem and cerebellum, after separation by section through the peduncles 
at the level of the superior colliculi, and also the cerebral hemispheres were placed in glass 
stoppered weighing bottles. The tissues were minced witli scissors, and weighed aliquots were 
used for all analyses. 


RESULTS 

Analytical Data on Blood and Tissues 

Yahies for Constituents of Serum, Ascitic Fluid, and Blood Cells. ^In 

Table I are presented the analyses of the serum, ascitic fluid, and blood cells 
from the dog Avith generalized anasarca and from normal dogs, the normal aver- 
ages being included for comparison. '\Yhen the findings are compared, the 
greatest differences are found in the water, protein, pota.ssium, calcium," and 

T-able I. Ax.veyses of ascitic Funu Blood SEP.UM, axd Cet.l.s Fnon A'op.irAL Dogs txn 

Dog uitii Axas.vp.ca 


Normal dogs* 
Scrum 
at 

Cells 

at 

Anasarca dog 
Serum 
Cells 
Ascitic 
fluid 


TOTAL CELL 


ii.o Cl xa K ca 

(GW.) (MEQ.) (MEQ.) (MEQ.) (mEQ. 


022.0 

107.1 

141.2 

3.9,3 

4.94 

.5.1 

2.3 

3.3 

0.40 

0,14 

703.0 

62.3 

03.9 

0..37 



0.4 

7,7 

1.1 


30.0 

100.7 

140.2 

5.70 

4.06 

744.0 

G4.S 

01.4 

6,89 


050.3 

112.5 

13S.S 

5.SS 

3.60 


, -Vg 

(•MEQ.) 

XPX 

(3rG.) 

PRO- 

TRIX 

(GM.) 

VOLCTIE 
(C.C.PEE 
100 c.C.) 

1.73 

0.24 

28.5.0 

22.0 

5S..5 

3.1 

46.8 

0,4 

0.24 

75S.0 

42.2 


l.SO 

662.0 

12.0 

36.0 


ALEtr- 

MIX 

Cgm.) 


2 


.2 


The concentrations are 

cells. 

•Pee Reference' 6. 
tStandarfl deviation. 
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magnesium conlcnt of llic serum and the water eoutent of the cells. The watei' 
content of 93.96 per cent in the .senun wa.s the result of an osmotic adjastnicnt 
following the lowering of the i)roloin concentration to 4.22 per cent. The low- 
ered scrum calcium value of 4.0 rneq. per kilogram occurred in response to the 
lowered protein concentrations in order to maintain a normal calcium ion con- 
centration. Tlie large increase in magnesium is .spectacular. It may refieet 
soft tis.suc breakdown and renal e.xcrctory impairment. 

There was a modcratel.v low hematocrit value of 36 per cent, which might 
be e.Kplained as a i-esult of e.visting hemodilution. 

The ascitic fluid showed a ])rotein content of 1.2 Gm, per cent. This value 
for protein content indicates that there has been little alteration in the per- 
meability of the eapillai'ies or else a considerable protein content would have 
been obtained. Since the ascitic fluid u.sually .shows more protein than docs the 
subcutaneous edema, the general edema fluids must have contained le.s-s than one 
per cent of protein. 


TAiir.K II. .V.v,\7,v.sf;s or Tisscrs J'nosi }>of;.s aso Doa Wmi 



n.o 

(ok.) 

cl 

(MKQ.) 

xa 

(MKQ.) 

K 

(MKQ.) 

Oil 

(MKQ.) 

Mg 

IMCO.) 

TOT.Mi 

Normal dogs 








Muscle* 

770.0 

18.41 

23.07 

08.1 

1.03 

18.11 


a 

S.G 

'i.O 

1.20 

7*5 

0.30 

3.87 


Skint 

TOS..*! 

S0.7 

OG.O 

22.1 G 

3,01 

3.03 

IG.S 

a 

20.1 

2.5 

1.2 

2.7 

0.02 

0.37 

3.7 

Corobcllunit 

710.0 

30.10 

00.8 

02.7 

2.M 

10.80 

10.1 

a 

7.0 

O.SO 

1.7 

1.0 

O.M 

O.GO 

0,0 

Homisplicrot 

701.3 

30.71 

01.0 

OO.G 

2.M 

13.20 

IS.O 

a 

S.3 

1.00 

2.1 

1.7 

0.11 

1.12 

(Kti 

Anasarca dog 








Muscle* 

SIO.O 

45.40 

55.S 

81. 8 

2.8 

11.12 


Skint 

SCO.G 

101.0 

.81,0 

IG.l 

1.01 

3.71 

21.G 

Cerebolluwt 

712.2 

38.1 


S.S.l 



30.3 

Homisplierct 

7GS.S 

30.0 

r>ri.7 




IS.'t 


Tlie concentrations arc expressed In units per kllop-rnin. 

•Units are cxprcs*!ctl per kilojo'am of fnt-freo. blood-frcc muscle. 
tUnits fire cxprcR.*tcil per kilopram of fat*frec skin. 
tUnits arc expressed per kllokrum of wet brain. 

Values for Constiiuents in I'issucs . — In Table II arc ]n-escutcd the analyses 
of sldn, skeletal muscle, and brain from the edematous animal and from normal 
dogs. In Table III are presented tlie values expressed in units per 100 Gm. 
solid. "Vnien the tissue findings from the edematous dog are compared with 
those from nonnal dogs, the greatest diflfcrcnee.s are found in the skin and muscle 
values. The brain tissues, eei-ebellum, and cerebral hemi.sjdiei-cs demonstrated 
no change in total water content and only .small increases in chloride and sodium 
concentrations. Eelative increases arc shown in the total water of 15.8 jier cent 
in skin and 4.1 per cent in skeletal muscle; in the chloride of 17.3 meq. per 
kilogram of skin and 27.04 meq. per kilogram of muscle ; and in Ihe sodium of 
32.7 meq. per kilogram of muscle. Tlie potassium was 6.3 meq. lower in skeletal 
muscle than in the normal animals. These findings on .sldn and nuisele there- 
fore suggest an enormous extracellular phase volume acconiiianiod by a lowci’cd 
intracellular phase volume. 
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TabIiF, III. 

Tissue Amai.yses or 

NoiiJt.vi. 

DOOS ANIt 

Axasaeca Doc 



u,o 

(on.) 

Cl 

(MEQ.) 

N'a 

(MEQ.) 

K 

(MKQ.) 

ca 

(MF.Q.) 

Mg 

( MEQ.) 

TOTAI. 

SITP.OGEN' 

(CM.) 

Skin 








Xornial 

24,1 

29.7 

13.1 

7.71 

2.00 

2.08 

16.0 

-ArnsaTCB 

G.'>2 

7S.0 

C3.6 

12.08 

1.70 

1.40 

16.2 

Alusele 








Isormal 

344 

S.2 

10.2 

43.8 

■ 0.7.1 

8.05 


gtnasarca 

444 

24.7 

.10.3 

44.5 

1.52 

6.05 


Cerehcllum 








Normal 

292 

13.8 

19.9 

30.3 



7,5 

Anasaroa 

2SS 

14.S 

21.9 

.14.3 



7.5 

Hemisphere 





' 



Normal 

12, S 

15.7 

21. S 

40.9 



.8.1 

.\nasarca 

111 

lfi.9 

24.2 

.17.9 



S.O 


All \.ilui's ;iro fXpri;f<ed In unit? p*'I 100 Gni. solid. 


DISCUSSION' 


Altliough it is almost impossible to decide the c.\:act etiologic factors in this 
dog’s edema, it is passilile to make a few tentative speculations. 

The total serum protein concentration of 4.22 Gm. per cent, of which 2.72 
Gm. was albumin and 1.50 Gm. was globulin, could have been one of the causal 
factors. The senim proteins were reduced to a level where the colloid osmotic 
pressure of the plasma was not sufficient to counterbalance the hydro.sfatie pres- 
sure in the capillaines. This tends to force fluid out of the blood into the tissue 
spaces. Similar filtration tj-pes of edema with low serum protein content have 
been observed in nephrotic tj-pes of edema, in malnutrition, and in everj- dis- 
turbance of the formation of serum proteins." 

Whether the low protein values were the result of a loss of proteins in the 
urine or malnutrition or a deficient generation resulting from disease, or a com- 
bination of all these factors cannot be stated Albuminuria, for which we ha-ve 
no direct e^-idenee, could not have been responsible with the senim albumin stiU 
2.72 Gm. per cent. Furthermore, the serum cholasterol content of 192 m«- per 
cent suggests the absence of tissue starvation. 


The anatomic changes in the liver suggest that the severe liver disease mav 
have been sufficient to have interfered with the formation of the serum proteins 
and so accounted for the hiToalbuminemia. Zeldis and Allin^r^ have <nven evi 
deuce to suggest a retarded rate of restoration of albumin in association with 
cholangitis and hepatitis in a dog. 

It mtertin- tUat the level o£ the sen,m albumin in this m,h dr 
iw of the liver and ase.tes » similar to those presented on manv paHents rth 
cin-hosis of the liver. Post and Patek’ have reiiewed the 
and have si.gacsted that although the reduction in semm albumto h “ 0 “^ 
lial factor in the formation of ascites it also .seems b’kel,- +h ^ i, - 

the portal vein must determine the site at which the transfefo¥fiSd"t^rT 
It seems unlikely that the albumin value of 9 79 Cm tip ^ ^ t ^ 
of this animal is l.ir enough to cause the mLi^cdem 4“ h^" '7 
changes could have been secondan- to the loss of o.oi ^ 

and the edema dnid. Therefore, there must have heermw SoLt toS d"s 
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edema. Tlie po.ssibilify of hear) failui'c with iiieroaso in venous pro.s.siirc, ag- 
gi'avated in this ca.se in the iiortni area by the ehango.s in tlic iivei-, nni.st be con- 
sidered. 

Tile Jiislologie eliange.s in (he kidney do not intiieafc Dint tiie edema was the 
re.sull of organic renal exerelory insnfficieney, WiOioiii a doubt Die nonprotcin 
nitrogen retention (7G.S mg. })er cent) in tiie .serum was ma.sked to a large de- 
gree by the dilution of waste producf.s in (he edenui fiiiid. In view of the rela- 
tively well-i)re.served kidneys one must ’a.ssnme prerenal or eii-enlafory azotemia 
with oliguria. The latter would aggravate any underlying tendency to edema. 

Although we have attempted to find the eau.se of tlie generalized ana.sarca 
in a vagrant, impounded dog, the purjio.se of the .study was to jire.scnt the data 
on the water, jirotein, and elect i-olyle distribution in blood and ti.ssues. Tliese 
data might be considered a maximum disturlianee in tlie e<iui!ibria of water, 
protein, and electrolytes re.sulting from gross edema and aseite.s. 

The view that the slcin is a great reseiToir eajmlde of taking care of large 
volumes of water^’ is again demonstrated liere. 8kin under normal conditions 
contains an average of 70.S3 ])er cent of water. In this dog there was rise to 
S6.66 per cent, which is actually 22.2 per cent higher tlian the normal skin value. 
The distrihution of this water in .skin cannot be definitely ascribed, but the tre- 
mendous inerea.scs in sodium and chloride concentrations indicate that the large 
increase is in the extracellular pha.se. In .skeletal mu.scle the total water content 
was SI. 60 per cent, or 4.1 Om. of water higher than (he mu.scle removed from 
nomal dogs. This aidually repre.scnt.s a :>.3 percentage increase in water. If 
the distribution of this water is computed (muscle, ana.sarca, Table IV), the 
extracellular jihase (h') is 37.7 Om. or a 150 jicr cent increase over the value for 
a kilogram of normal dog mu.scle. Some of (his incrca.se was the result of a 
transfei’once of water from the intracellular jihasc, since the volume of intra- 
cellular water {ILO)c per kilogram was e.stimn(ed to bo 441 Gm., the nomial 
value being 620 Gm. 

To estimate the ab.solutc changes in volume wliich (lie normal muscle has 
undergone during the course of di.seasc, we assume (hat the muscle before the 


Table IA’. Phase Yoluaie Pata ox Musci.k Fkom Axasacca Poo 



SI 

(r-) 

(ir,o) 

0 (s) 

{U,0)c 

Muscle 






N’ornial* 

1000 

153 

020 

225 

7;!.3 

Anasarca 

1000 

37J 

441 

1S4 


(M)r 

1224 

459 

540 

225 

705 

A 

+224 

+304 

-SO 


-28 

All values are e.xpressed 

In grams per kilogram of 

fat-free. 

blood-free 

nnisclc. 

M = Extracellular pha.so 

and intracellular 

phase. 





(F) =: Grams of extr.-icellular phase per kilosrnm of mu.scle. 

(HjO)o =: Grams of intracellular rvater per kilogram of muscle. 

(HsO)o = Grams of v,-atev per kilogram of muscle coils. 

(S) = Solids of intracellular phase. 

(M)f = Absolute final -weight of the Initial kilogram of normal muscle after the effects 
of the disease. 

A = Differences between values obtained on normal muscle and the absolute values 
following the effects of the disease (M)f. 

•It is assumed that the initial muscle is the norma! muscle of the dog before the onset 
of disease. 
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onset of disease was a normal muscle possessing normal volume values (normal 
musele. Table lY). Also, we assume that during the disease there has been no 
alteration in the amount of solids present in that quantity of muscle cells in a 
kilogram of nonnal muscle — (S) nonnal muscle, Talile lY. In other words, if 
the cell solids of a kilogram of normal muscle (S)k is divided liy tlie cell solids 
of a kilogram of muscle as removed from the anasarca dog (S)a, a factor is ob- 
tained to multiply all volume values of the anasarca muscle to obtain the absolute 
values — Table W. The absolute values so obtained showed that an 
increase of 224 Gm. per kilogram of control muscle (jM) had occurred, of which 
a 304 Gm. increase were attributed to the extracellular phase (F) and a loss 
of 80 Gm. (C) from the muscle cells. Actually, the extracellular phase volume 
of the oinginal kilogram of muscle is now 459 Gm. Thus, in this animal the 
edema of the skeletal muscle is all extracellular and is accompanied by a de- 
hydration or shrinkage of the muscle cells. As a result the percentage of water 
per kilogi’am of muscle cells (H^Olc is now 70.5 per cent, instead of the normal 
value of 73.3 per cent (Table lY) . 

In spite of the large volumes of extracellular fluid present in the skin and 
skeletal muscle, neither the cerebellum nor the cerebral hemisphere had increases 
in total water content. There were, however, small changes in the chloride and 
sodium content, which indicated small increase in the extracellular phase at the 
expense of the brain cells. This finding demonstrates the constancy with which 
the fluid of the brain is distributed even when the interstitial spaces of all other 
tissues of the body are filled with extracellular edema. 


summary 

Data on the water, protein, and electroMe distribution in blood and tissues 
of an impounded dog with cholangitis, early biliaiu- cirrhosis, and generalized 
anasarca are presented. 

By analyses the total serum protein concentration of 4.22 Gm. per cent, of 
wliich 2.72 Gm. per cent was albumin and 1.5 Gm. per cent was globulin, could 
have been an important causal factor in the edema of the dog, but other factors 
must have been present. 

With the presence of this tv-pe of edema the skin and muscle had increases 
in water content as much as 22.2 and 5.3 per cent, respectively. The large in- 
creases in sodium and chloride concentrations in the skin indicate that tL in- 
creased water content was extracellular. The total bulk of a kilogram of muscle 
before the onset of disease was calculated to have increased durin<^ the disease 

224 Gm. or to a total volume of 1,224 Gm of which a gnu Pm ° 

, ’ , ’ a dPi Gm. increase were 

attributed to the extracellular phase and a loss of 80 Gm. from the muscle cells 
This is an example of edema and dehydration appearing simultaneouslv In 
pite of the extracellular edema existing in skin and muscle, neither th^’cere- 
hellum nor cerebral hemispheres showed any increase in total water content 
Tte findmg dmomtrate the constan,,- with trhich (he fluid o( the brain is dl^ 
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SEXSITIZATION OP Eh-POSITIVE PATIENTS BY THE Rli FACTOR 

Lester J. Uxger, ^LA., JI.D. 

New York, N. Y. 


T he discovery of tlie Eh factor and the recognition of the role that it plays 
in connection with transfusion liavc created certain practical problems. The 
fact is now recognized that when repeated transfusions of Rh-positive blood 
are given to an Eh-negativc patient antibody response to the Eh antigen de- 
velops in approximately one in twenty-fiA'e patients. Instances in which anti- 
bodies develop after one transfusion also have been reported.^ These anti- 
bodies may be bivalent (anti-Rh agglutininsl or univalent (blocking anti- 
bodies).- Further transfusions of Rh-positive blood into patients so sensitized 
result in hemolytic reactions. Approximately 90 per cent of all hemolytic po.st- 
transfusion reactions are caused by the Eh factor. It is also established 
that exposure of an Rh-negative woman of any age, from birth to the climac- 
teric, to Rh-positive blood by transfusion may result in her inability to give 
birth to a normal infant. Furthermore, repeated pregnancies in an Rh-negative 
woman bearing Rh-positive children may sensitize the patient, even though 
clhiicaUy all of her children may have been apparently normal. In such a 
patient transfusion may be followed by a hemolytic reaction. 

It is apparent that it becomes incumbent upon everyone ordering trans- 
fusions to understand the mechanism involved and to avoid the development 
of posttransfusion hemolytic reactions. All who select donors and perform 
tests necessary for the selection of a donor must revise their technique in the 
light of recent advances. A premous paper- referred to various routines now 
followed. It was stated that the ideal procedure is to perform an Eh typing 
on every patient, as weU as on every donor, and to use for transfusion only a 
donor belonging to the same Eh type as the patient, as well as one of the same 


ABO group. It was pointed out that perhaps in the future, and it is hoped in 
the not distant future, this will be the accepted technique. For the present it 
was advised that the blood of every patient be te.sted for the Eho factor that 
all those who react positively to this factor (8.5 per cent) be classified as Rh- 
positive patients, and that all those who react negatively be classified as Rh-ne^a- 
tivc patients. It was recommended also that the bloods of all donors be tested 
with Eh„' serum and all those who react positively (87 per cent) be classified 
as Rh-positive donors, while those who react negativelv be classified as Rh- 
negative donors. For transfusion of all patients classified as Eh positive Eh 
positive donoi-s should be used; for all Rh-negative patients the blood of Rh 
negative donors should be selected. This routine will eliminate from the roster 
of Rh-negative donors all indhiduals who are positive either to the Eh or the 
Elector. This routine, however, deliberately disregards loZs felon£l 
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to type Rh", niicl tlicy would be iueluded in the roster as Rli nefrative. Such 
donors are rare, constituting on!}- O.fi ])er cent of the total, while Uli-nefrative 
patients constitute appi-oxiinately l.u ])er cent of the total patients. Such a 
eond)ination, namely an Kh" donor (classified as Rh ncfrative) and u.sed for 
the transfusion of an Rh-ne»-alive ])atien( with subsequent developmc7it of 
anti-Rh" agfrlutinin-s. is very uidikely. On the other hand this idea fails to 
take into eonsidci-ation the fact that when blood of Rh-])ositive donors is trau.s- 
fused into Rh-positive ])atients .90 per cent of all ])afients are Rh positive and 
beloiifr to Type Rh,. They lack the Rh" fnetoi-just as do Rh-nefrative patients. 
The blood of aj)pi’oxiniately 2S i)er cent of all donors belongs to types Rh. and 
Rh,Rh. and contains the Rh" faetoi'. K.'caetly how frequently .scn.sitization 
results from such a combination remains to be seen; it ])roI)abIy is not common. 
The possibility exi.sts. however, that it oeeui's more often than we now .su.si)ect 
and that the eases po -unrecognized. This ojjinion is based on the fact that at 
present if Rh detemninations ai'o done on patients and donoi-s prior to trans- 
fusion the test is merely for the Rh„ factor. If both ])ntient and donor are 
ela.ssified as Rh positive, and a po.sttransfusion reaction oeeui’s. the reaction is 
considered pyropenie in nature; thus, the diapnosis of a hemolytic reaction is 
dismissed, c.spccially if .laundiee or hemoplobinnria do not develop. Yet these 
clinical symptoms are not always pre.sent. and the diapnosis can be made only 
.serolopieally. The followinp case illustrates the fact that Rh-positive blood 
tran.sfu.sed into an Rh-positive patient can cause sensitization, and a hcmol.vtic 
posttransfusion reaction can result. This is the first completely proved ca.se 
of Rh" sensitization induced by transfusion in an Rh-iiositive iiatient; demon- 
strable antibodies were found in the patient 's scrum. 


C.\SK RKPORT 

C. tir., a wliite riiaTi, 2~i ycar.s of ape, wa.s referred to me hy Colonel K. .S. Olfon and 
Captain F. F. Fon.^oca, of tlie jredical Corp.*:. While on army duty in India in 1012 the 
patient fell from a troop train and .';n.";taincd conipre.'.^ion fractures of the ninth dorsal 
and first lumbar vertebrae, in.iurlnp the spinal cord. lie developed a spn.stic par.nplepis. 
Because of involuntary micturition .and defecation a suprapubic eystostomy nnd a perineal 
uretlirotomy were done. In 19-fS, a laminectomy and e.vplorntion at the site of the spinal 
injurj' was performed but was not followed by any sipnificant improvement. For the past 
two years ho has been suflorinp from numerous decubitus ulcers whieli necessitated vigor- 
ous supportive tlier.apy, especially in flie form of repeated blood transfusions. The 
patient’s blood was classified as Group AB, Rh positive. The first transfusion was given 
Oct. 15, 1914, and from then to ISfarcli 28, 194G, or during a period of approximately one 
year and four months, he received a total of twciity-flirce blood transfusions nnd one 
plasma transfusion. On one occasion the transfusion was of 1,000 c.c., but on each other 
occasion 500 c.c. were given. For the first twenty transfusions Eh-positivo blood was 
transfused. 

In Table I is given the patient’s transfusion history. Because of tlie reac- 
tions that followed the transfusions, and because these reactions were becom- 
ing more severe, I was asked to see the patient. Examination of bis blood 
showed it to be Group AB, Subgroup A„, tj^pe M, Rb„ Hr positive. Examina- 
tion of the patient’s serum (Table II) showed the presence of anti-Rh" ag- 
glutinins in a titer of 1 :4. Anti-Bh antibodies of other tj'pes were not and, 
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Table I. Tkvnsfusion Histopa' ok Patient (Grolt AB International) 


DATE OF 
TRANSFUSION 

11/15/41 
S/ 1/45 
9/ 4/45 
9/13/45 
9/19/45 
10/ 3/45 
lO/lS/45 
10/ 3/45 
11/21/45 


R!i 

DETERMINATION 
O R TYPE 
Positive 
Positive 
Positive 
Positive 
Positive 
Rh; 

Rh. 

Positive 

Positive 


AMOUNT 

TRANSFUSED 

500 c.c. blood 
500 c.c. blood 
500 c.c. blood 
500 c.c. blood 
500 c.c. blood 
500 c.c. blood 
500 c.c. blood 
500 c.c. blood 
500 c.c. blood 


11/29/45 

Positive 

500 c.c. blood 

1/ 3/46 

Positive 

500 c.c. blood 

1/19/46 

Positive 

500 c.c. blood 

2/ 6/46 

Rh, 

500 c.c. blood 

2/ S/46 

Positive 

500 c.c. blood 

2/11/46 

Positive 

500 c.c. blood 

2/13/46 

Positive 

500 c.c. blood 

3/11/46 

Positive 

500 c.c. blood 

3/13/46 

Positive 

500 c.c. blood 

3/15/46 

Positive 

500 c.c. blood 

3/1S/46 

Positive 

500 c.c. blood 

3/19/46 

Positive 

500 c.c. plasma 

3/21/46 

Xegative 

1,000 c.c. blood 

3/22/46 

Xegative 

500 c.c. blood 

3/2S/46 

Xegative 

500 c.c. blood 


POSTTFANSFUSION 

P.EVCnON 

Urticaria 
Xo reaction 
Xo reaction 
Urticaria 
Xo reaction 

Cliill, cyanosis, urticaria 
Xo reaction 
Xo reaction 

Temperature 103° F., mild 
urticaria 

Chill, temperature 102° F. 
Xo reaction 
Xo reaction 
Xo reaction 
Xo reaction 
Xo reaction 

Cliill, temperature 103° F. 
Temperature 102° F, 

Chill, temperature 104° F., 
urticaria 

Cliill, temperature 105° F,, 
urticaria 

Chill, temperature 104° F,, 
urticaria 
Urticaria 
Urticaria 
Xo reaction 
Xo reaction 


Table II. Tit'-vtion of Abnormal Antibodies in Serum- or Patient Reported 


date of 

TEST 

1 DILUTION 

OF P.VTIENT’S 

KERtJit 


test 

CELLS 


■mss 

1 1:S 

1 1:16 


C rh* 

3/19/46 Bh„ 

Tested by J Rh, 

agglutination 1 Rh" 

method L Rh. 


r 

3/19/4G Rh„ 

Tested by _ -! Rh, 

conglutination I Rh" 

method V. Rh, 





tr 


3/27/46 
Tested by 
agglutination 
method 


.3/27/46 
Tested bj' 

conglutination 

method 


{ 

{ 


rh 

Eh, 

Eh. 


rh 

Eh, 

Eh. 



essenuauy%he''fame.° not given because they ^ere 

•Tj-pe rh is the short designation for Rh-negative blood. 


of course, could not be present. No Rh„ blocking antibodies -were present By 
Ibe conglutination method performed in the test tube, tests also demonstrated 
the Rh" specificity; the result ivas positive in a titer of 1:4. When tested 
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on (lie .sli(](’ I lie i-eaelion al.so was positive only ayainst blood containing 
the Rh” factor. It will he noted from Table T that the blood used for 
the first twenty transfusions was in each instance Ith positive. Ten oftlic.se 
were followed by no reaction whatsoever. Two were followed liy urticaria, 
one by fever and urticaria, two by chill and fever, and four by chill, fever, 
and urticaria. TIic nrlicnrial reaction was undoubtedly due to protein sen.si- 
tization as evidenced by the fact that urticaria also developed after the ad- 
ministration of 500. c.c. of pla.sina. The six transfusions wliicii were followed 
by a chill were undoubtedly hemolytic in nature. It is po.s.siblc bore to report 
the rc.sult of tlic examination of the blood of only three of the donons wed. 
One belonged to type lilu and transfusion of liis blood gave the most .severe 
reaction : two donors belonged to type Kb,, and the transfusions of their bloods 
were followed by no reaction whatsoever. 'I'liese results coincided with the 
fact that the patient’s blood belonged to tyi)e Kh,. and his scriini contained 
Kh" agglutinin.s. One or more of the first five donors liad blood containing 
the Eh" factor. This was the only factor lacking in the patient’s blood; he 
became sensitized and developed anli-Kli" agghitinins. The blood of the sLxth 
donor belonged to type Klu, and its administration was followed by a severe 
hemolytic reaction. From tlicn on every time blood containing the Kh' was 
given a hemolytic reaction ro.sultod. Every time blood, even thongli Kh posi- 
tive, was of a t.vpc lacking the Kh" factor no reaction followed. 

This particular case is complicated by tiic fact tlint there was a protein 
sensitization as evidenced by the appearance of urticaria on five occasions. 
On one occasion this symptom followed the administration of plasma, which, 
of coiu’se, contained no red Idood cells. After (he blood was examined, and 
llie fact that it contained anli-Rli" agglutinins was discovered, only Kli-negativc 
blood was used. Tliroc such transfusions wore given witliout licmolytic reaction. 
One of these transfusions consisted of 1,000 c.c. (500 c.c. of washed Rh-negative 
Oroup 0 cells and 500 c.c, Kh-negativc Oxonp AB whole blood). This was fol- 
lowed bj"- the appearance of a few urticarial lesions but no other untoward 
symptoms. 

It should be pointed out, however, that it is unnecessary to use Rh-uegative 
blood for a patient sueli as this. In fact such procedure is uneconomical and 
depletes the bank of Rh-negntive blood. In order to have Rh-negative blood 
available when it is actually needed, it should be used only for Eh-negativc 
patients. Inasmuch as this patient belonged to type Kh, a donor belonging to 
tj'pe Kh, should be used. Tlie supply of Kb, blood is plentiful because such 
donors constitute 50 per cent of tlic total, whereas Rli-ncgative donors constitute 
only 15 per cent. 

This case illustrates that sensitization by the Rli" factor can occur and 
does occur in Rh-positive patients belonging to type Rh,, and that simply 
using Rh-positive blood donors for Rh-positive patients is not complete pro- 
tection. To avoid this, one must carry out either one of two routines. The 
ideal procedure is to perform a complete Rli typing on eveiy patient and only 
use blood of the same Rh type, or at least not to administer blood which con- 
tains an Rh factor lacking in the patient. An alternate and simpler routine 
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is to iise the appearance of a posttransfusion reaction as a signal for careful 
investigation of the patient’s blood. The first reaction is never, or hardly 
ever, fatal. Subsequent ones may be, although in this case the patient sur- 
vived six hemolytic reactions. These reactions Avere most distressing and 
■were becoming progressively more severe and more serious. If after the trans- 
fusion given Oct. 3, 1945, Avhen the patient developed a chill and eyanosi.s, 
examinations had been performed, it Avould have become evident that the 
patient belonged to type Rh, and the donor to Rh 2 , and the Rh" agglutinins 
Avould have been detected. The next donor Avas Rhj, and in all likelihood the 
one used folloAA'ing this Avas Rhj because no reaction occurred. The next tAvo 
Avere folloAved by reactions, undoubtedly because the blood contained the Rh" 
factor. It is persistence in giA'ing transfusion.s in the presence of a reaction 
that leads to trouble and in some instances to the death of the patient. For- 
tunately this did not occur in this instance. For the average institution Avhich 
lacks the necessary sera and the personnel to perform these tests, this alterna- 
tive and simpler rule is recommended: namely, as soon as a 'posttransfvsion re- 
action occurs, give no further transftision until a complete investigation has been 
made. Such blood, if it cannot be examined at the institution Avhere the patient 
is hospitalized, should be sent to those laboratories AA'hich specialize in this field. 
There is, however, a simple test which is helpful and .should be used except 
in women prior to the climacteric.'* Prior to the transfu.sion a specimen of the 
patient’s blood should be draAA-n in 3 per cent sodium citrate solution (one part 
citrate solution, nine parts blood). This specimen can be used for the customarj* 
tA-ping and cross-matching tests. If a reaction occurs, a second similar .specimen 
should be draAAm during the reaction or shortly after it has subsided. These two 
specimens should then be centrifuged and the color of the supernatant plasma 
compared. If the color before and after transfusion is identical, the reaction Avas 
pyrogenic and not hemolytic. If on the other hand the color of the pla.sma of 
the posttransfusion specimen is deeper than that of the pretransfusion specimen, 
the reaction is hemolj-tic. No further blood should be transdused until the 
problem is clarified and the proper blood obtained. 


SUMMARY 

The Rh factor is responsible for approximately 90 per cent of all hemolytic 
posttransfusion reactions. If only Rh-negath'e blood is administered to patients 
who are Rh negative, sensitization by the Rh factor AAill be avoided in such 
patients. In certain cases when blood is administered to Rh-posith'e patients 
sensitization may folloAv proA-iding the patient lacks any of the three Rh fae’ 
tors and the donor’s blood contains the factor or faetors'absent in the blood of 
the patient. A case illustrating this point is reported. The patient belono-ed 

tho Kl>'' fecitoi-. Donor's blood containing 
ho El. {actor had been administered and anti-Rh" agglutinins doTcIopcd in 
the blood of the patient. The donor .those Hood produced the first hemoiTtie 
reaction enpericneed in this case belonged to tj-po RH, .vhereas subsequent 
transtiisions ivith blood beloiigiiig ,rpe Rh., or Rh negative, tvere followed 
by no heinolytio reaction. In order to protect these patien s complete » 
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typing musi l)c pcrfornicd, and only blood of llu; .same I?!i type adniiiii-stcml 
or the appearance o£ a reaction must bo used as an indication for complete 
•serologic examination of the patient’s blood. After the aj)pearance of one 
reaction, no further transfusion should be given until serologic examination 
shows that the reaction was not hemolytic in nature. Clinically, patients do 
not benefit from transfusion followed by a hemolytic reaction. Persistence in 
giving transfusion in spite of a reaction may be daTigerous. 
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THE TRAU^ilATIC EFFECTS OF POSITIVE 
INTRATRACHEAL PRESSURES 

Captain' Howard Tatum and Lieutenant Coloneu Arthur :M. Ginzler, 
JIedicau Corps, Army of the United Statf,s 


T he use of positive pressure iuhalational therapj^ has by now received con- 
siderable support. It apparently ivas used first as long ago as 1878 by 
OerteP who employed 100 inspirations of air compressed to Yio of an atmos- 
phere excess pressure in the treatment of severe asthma. In 1897, Norton- 
reported the successful emploj-ment of positive pressure in the treatment of 
pulmonary edema caused by carbolic acid. Since then, Emerson,^ Poulton and 
Oxon," Barach,’ and others have recommended the use of positive pressure 
breathing in the treatment of bronchial asthma, chronic bronchitis, emphy- 
sema, and pulmonaiw edema caused by Icft-.sided cardiac failure. Christie^' 
suggested that the maintenance of a positive intra-alveolar pre.ssure through- 
out the re.spiratory cycle might diminish the tendency to pulmonary edema 
in patients poisoned with phosgene, and Barach^ indicated the importance of 
this procedure in the prevention and treatment of pulmonary edema caused 
by irritant war gases, referring to a series of patients uith varying degrees 
of pulmonary edema due to inhalation of chlorine and nitric fumes Avhich had 
been so treated with considerable success. 

The employment of positive intratracheal pressure is not inthout poten- 
tial hazard to the pulmonai-y tissues. Lilienthal' noted interstitial emphysema 
in a patient receiving general anesthesia by in.sufflation -when the intratracheal 
pressure was raised to 60 mm. of mercury. Ewald and Robert® found that 
air under a pressure of 40 mm. of mercury caused rupture of alveoli and 
pneumoperitoneum in rabbits. Joannides® rvas able to force air or fixing fluid 
through pulmonary alveoli into the pulmonary circulation without producin" 
apparent gross or microscopic injury to the alveolar walls, but he and Tsoulos’® 
found that when intrapulmonic pressures of from 60 to 100 mm. of mercurv 
were attained in either normal or pneumonic dogs, interstitial pulmonary 
emphysema, pneumothorax, pneumoperitoneum,' and air emboli.sm im'ariably 
resulted. By means of a Van Allen carotid cannula, Polak and Adam.s” also 
demonstrated the occurrence of air emboli in animals subjected to increased 
iutrapulmonie pressures. 

At somewhat lower levels of pre.ssure, Marcotte and associates,’== worldn-^ 
with dogs, found that intrabronehial pres.sures of 24 mm. of mercury main 
tained for periods of from 16 to 110 minutes were routinelv accompanied bv 
inter-stitial emphysema, usually along the great vessels at 'the hilum of the 
li^but. on two occasions, spreading along the trachea into the neck - in one 
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animal interstitial cmpliyscma resulted at a pressure of only 38 nun. of mer- 
cury. They found that .such emphysema occurred in cals at from 3 G to 20 mm, 
of mercury. Similarly, Tlasmussen and >\dams,’'’ in single acute pxperinient.s 
and in chronic intermittent experiments in dofrs over periods of from one week 
to eleven months, found varying degrees of gross and microscopic emphysema 
and. in a few instances, air embolism and pneumothorax at prc.ssurcs of from 
30 to 35 mm. of mercury at the carina. 

The oceurrenec of such effects of increased intrapulmonic pressure in nor- 
mal animals raises the question whether Iranmntic tissue damage of even 
greater degree or at even lower levels of ])i'essurc might not result in hmgs 
already the site of damage, as indicated by the. presence of pulmonary edema. 
A comparison was tlicreforo made between the cfTccts of increa.sed intra- 
traclieal pressures in normal dogs and in dogs with pulmonary edema produced 
by the inhalation of phosgene, rarlicnln)- note was made of the pressure.s 
required to produce arterial air emboli in the two groups of dogs. 

KXI’KKIMKNTAI. 

One group of dogs wnn ga.sscd with phosgene to permit the development 
of pulmonary edema prior to the remainder of tlic experimental procedure. 
After .sufTieient lime elap.secl. these and the normal control dogs were anes- 
thetized by the intraperilonoal injection of 20 mg. of nemhutal per kilogram 
of body weiglit. Each dog was then traclieotoinized, and a Y tube cannula 
was inserted into the trachea. One arm of the eanmila was attached to a 
source of air pressure and the other to a mercury manometer. Arterial and 
venous blood pressures were recoi’ded directly' from eannuinc inserted into the 
femoral artery and vein. After intravenous administration of 100 mg. of 
heparin, a Van Allen cannula was in.sortocl into the right carotid artery to 
permit visualization of air emboli flowing through tlie artery. A tamhour 
recording iJiieumograpli was placed around the chest. Tlie head of .sojuc of 
the animals was elevated to facilitate trapping of the air emboli in the carotid 
cannula. 

The intratracheal pressure was then increased by 30 mm. of mcrcur.v; this 
was maintained for a period of ten .seconds. Several minutes were then al- 
lowed for return of respiration and blood pressure to normal. In this manner, 
the lungs were .subjected to .succe.s.sivc increments of positive intratracheal 
prcs.sure for period.s of ten seconds eacli, witli intervening rest periods of 
several minutes. In some instances, the experiment was concluded at 30 or 50 
mm. of mercury and the animal .sacrificed for gro.ss and microscopic study’. I" 
the majority, the experiments were concluded when air emboli were noted in 
the carotid trap, when gross interstitial emphysema was oh.served through the 
cervical incision, or upon death of the animal. 

f 

KESUIiTS 

Normal Dogs . — With elevation of the intratracheal pressure, there occurred 
a drop in ai’terial blood pressrire, an elevation of venous pressure, and cessa- 
tion of I’espiration (Ifig. !)• These effects persisted while the increase in intra- 
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f radical pressure was iiiaiiUained. Wlicn the increased pressure was discon- 
tinued and the infratraelu'al pressure allowed to droj) to normal, the venous 
blood pressure iimnodiatoly returned to normal; fin's was followed within a few 
seconds by resumption of normal re.spiivitions and a frradiial return of the 
arterial pressure to normal level at about fifteen seconds. 



Fjfir. 2.— Interstitial emphysema In <lopr subjectc<l to elevation of Iiitt ati ncheal piessure of 
00 mm. of mercury. Note compiessjon of pulmonary arterv. The lonpitudinally cut bronchus 
is at the rierht margin. Hcniatox>Iin and cosiii (X'lO), 

In three dogs (heads elevated), air omlioli apjiearcd in the carotid trap at 
increased intratracheal pressures of 80, 90, and 90 mm. of mercury, respec- 
tively. In a fourth dog (head not elevated), gross mediastinal emphj'sema was 
observed through the cervical incision at SO mm., although no air emboli were 
noted in the carotid trap; in addition, autop.sy revealed pneumothorax and 
pneumoperitoneum. Microscopic examination of the lungs of these four dog.s 
revealed moderate dilatation of the terminal respiratory irassages, often asso- 
ciated with focal vesicular emply’^sema. Onbv very slight, focal tearing of 
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alveolav septa or intni-alveolar hemorrhage was noted; in general, these were 
absent. The most notable feature was the presence of numerous, interstitially 
loeated bubbles of air; these ivei-c especially prominent in the larger septa 
toivard the hilus of the lung, often associated with resulting compre.ssion of 
the adjacent pulmonary artci-y (Fig. 2), Occasionally there was a.ssociated 
interstitial hemorrhage. 

Two dogs were .sacrificed after the intratracheal pressure had been ele- 
vated to 50 mm. of mercury. No carotid air emboli had been noted in these 
animals, nor was there gross mediastinal or cervical interstitial emphysema, 
ilicroscopieally. however, the lungs .showed changes similar to. although some- 
what less severe than, those in the preceding group of dogs; in particular, foci 
of interstitial emphysema were fairly numerous within the interlobular septa 
ad.iacent to the pulmonary arteries. One dog was sacrificed after being sub- 
.iected to an increased pressure of 30 mm. of mercuiy ; no gross or microscopic 
changes were observed. 

Bogs With Puhnoiwry Edema . — In twelve dogs in which a sub.stantial 
degree of pulmonary edema had developed as a re.sTilt of the ga.s.sing with pho.s- 
gene, the effect of increased intratracheal pres.sure on respiration and on the 
arterial and venous blood pres.sure was indistingui.shable in tj-pe or degree 
from that observed in the normal dogs. In three animals of this group (heads 
elevated'), carotid air emboli were observed at increased intratraebeal pres- 
sures of 80. 110, and 110 mm. of mercury, re.spectively. In another five dogs 
(heads not elevated), one exhibited carotid air emboli at a pressure of 90 mm. 
of mercury, two developed gross interetitial emphysema at a pre.s.sure of 100 
mm. of mercury, and the remaining two exhibited neither gro.ss interstitial 
emphysema or carotid air emboli but failed to re.sume normal re.spiration upon 
release to normal of the intratracheal pre.s.sure which. had been raised to 100 
and 110 mm. of mereiuy. respectively. In these eight dog.s, in addition to the 
.substantial degi'ee of pulmonary edema and other changes typical of phosgene 
poisoning, there were changes in the lungs attributable to the increased intra- 
pulmonic pressure wbicb were essentially identical Avith those observed in the 
control dogs subjected to similar lei-els of increa.sed intrapulmonic pre.s.sure. 
It appears likely that the cause of death in the la.st two dogs was air embolism 
to the brain de.spite the failure of the carotid trap to i-isualize any air emboli. 

In tAvo dog.s Avith pulmonary edema, increase in intratracheal pressure to 
50 mm. of mercury re.sulted in someAvhat le.ss severe effects than in the con- 
trols at this pressure, both shoAving .slight focal dilatation of terminal air 
passages and relatively few foci of intenstitial emphysema Avithin the lunms on 
microscopic examination. Tavo dog.s of the group Aiith pulmonary edema' sub- 
.ieeted to a pressure of 30 mm. of mercury shoived no cross or microscopic 
changes in the lungs other than those caused by the phosgene. 


DISCUSSIOX 


Tl„ c ris Ofcc vfd ,h„, ,h» physiologic „,,„„„sc of arterial a„<I 

voiiooa .100,1 p,o»sm-c aiul vcspiralion to inc.cascd intratracheal pressure is 
essenfally the same ,l„es ,vi,h pulmonary edema resnltin- from ..asstuu 
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willi ])liosfreiie iis i1 is in norin.'il dogs. ,Siniil;irIy, oir fiiiliolism and/or gro.vs 
niediaslinal and cervical intersfitial cinpliy.scina occ\ir a( aliout i lie same level 
of increased intratraclieal prc.ssure in the {wo gr()uj)s of dogs. Tlodi llie nor- 
mal dogs and tliosc with pulmonary o,dema also cxhii)it the same degree of 
inicro.seopie pathologic changes ns a re.suh of the inerea.sed pre.ssnre. The 
lack of significant apparent damage to the intra-alveolar septa as a result of 
the increased prc.s.sure is of intcrc.st ; this is in agreement with the ohservations 
of ITarfrofl'’' in human emphy.sema and in suhstanfial agreement with the 
findings of Rasmu.ssen and Adams’-'' in their experimental animals, liraeklin’' 
has inferred that, as a re.sult of the alveolar distention, numerous fine ruptures 
occur in the base of alveoli abutting against the vascular sheaths rather than 
in the lateral alveolar walks, because of the absence of pores at the former .site, 
and by the breaking through of air from the alveoli into the interstitial tissue 
in this manner explains the pathogenesis of the interstitial emphysema. 

In the pre.senl study, damage was ob.scrved to occur to the lungs, both m 
the normal dogs and in those with pulmonary edema, at a pressure of aO mm. 
of mercury but not at 30 mm. ITowever. in view of the short ne.ss of the Ininsts 
and in view of the findings of other investigators jireviou.sly f|unted, it would 
appear that the therapeutic use of positive pre.ssnre inhalationnl fherap.v 
should not exceed pressures of from Ifi to 20 mm. of mercury. It would also 
appear that there is no greater hazard to pathologic than to normal pulmonary 
tissue from this procedure. 

SUMMARY 

1. Inerea.sed intratracheal pres.sure in dogs, under the conditions of this 
study, resulted in drop in arterial blood pressure, elevation of a’cuous pres- 
sure, and apnea. There was no es.scntial difTeronce noted between the respon.se 
of normal dogs and those with pulmonary edema resulting from inhalation 
of phosgene. 

2. Air embolism and/or gross mediastinal and cervical interstitial em- 
ph 3 'sema occurred at about the same level of intratracheal prc.ssure in the two 
groups of dogs. 

3. The microscopic pathologic changes, other than the lesions caused by 
inhalation of phosgene in the one group of dogs, were also of essentiallj' the 
same magnitude in the two groups of animals. These changes consisted of 
moderate dilatation of terminal rcspirator.v passages, focal vesicular einpln’scma, 
and interstitial empli.ysoma, first noted micz-o.scopicall.v at a pre.ssnre of 50 mni. 
of mercury in this study. Gross mediastinal and cervical intersfitial eni- 
phj'sema and carotid air emboli became apparent at pressures of about 80 to 
110 mm. of mercurj’^ in both the control animals and in those with pulmonary 
edema. 

4. The findings indicate that there is no greater liazard as a result of 
positive pressure inhalational therapy to lungs witli edema than to normal lungs. 

Ackiiowloclginoiit is made to Mrs. Ilarriet Kriotc, for assistance in fjaasinp the dogs 
■with tdiosgene. 
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LABORATORY METHODS 


AX A]’]\\l{ATr.S 1>'()K .AIHASinnXfJ Till-: KICTAIXEl) DOSE OF 

I XI 1 A I AO 1) .S UliSTA XC ES 

.Ti;liak Jr. Tobias® and Kay.mond 10. AVkstonI 
IOdc.kwooi) Akskxai,, Ain. 

T he liiol()»:ic (‘fiVcf (if ji •riven substniiee is iisunlly jissjiyeii by (lefennining 
llnii (|ii!Hitity per iinil of Ijody weifrbt wliieli piwliiee.s siieeifie elianges iiiuler 
well-defined eondilion.s. .Sueli assay is not difiieiilt Tor siibslanees wliieli may 
be injeeled or iiifrested wiliioni eliaiifres in pliysioloirie aetivify, sinee fbe admin- 
istered dose ean be aeeurately measured. Ilowevei'. fr)r inhaled siibslanees the 
determination of dose is nineli more diflieull. 

To eireninvent teelinieal difiieiillies in aetnal dose measiirenienf, inhaled 
snbstanees have lieen assayeil by exposing: animals for a immsiired iieriocl of 
time to a known eoneentration of the lest material. Einee the work of Ilahcr,’ 
siieh exposures have been measured in terms of the lethal index or Ct (the 
liroduet of the eoneentration of material limes the minutes of ex])osiiro) in an 
effort to obtain .some measure of dose. However, the eoneeniralion-timc jiroduet 
is merely a mcasiii'o of pliysieal exposure and ean never eon.slitute an aceurate 
estimate of the dose retained. The latter depends not only on the Ct but also on 
the pereentage retention and the re.spiralory intake during exposure and is 
given bv 

w 


where D — the retained do.se in milligrams jier kilogram, V — re.sjiirafory in- 
take during exposure in liters per minute, T = expo.snre duration in minutes. 
(’ — eoneentration of material inhaled in milligrams jier liter, a = jiercentage 
of inhaled material retained, and W == body weight in kilograms. Sinee both 
the iiereentage retention and the resiiiralory minute volumo during exposure, may 
vary widely when animals of the .same or different sjiceie.s are exjioscd, animals 
exposed simultaneously to the same Ct may retain markedly different doses. 
Con.secpiently, it is not surprising that extensive individual and species varia- 
tions in rc.sponse to dift’erent inhaled toxic materials have been ob.served when 
the Ct is the index of dose administered. 

For the projier evaluation of the effect of inhaled substances the actual dose 
retained- must be measured. AA’^erc this po.ssible, several lines of investigation 
would be facilitated. For example, in the evaluation of aero.sol therapj’- the 
efficae.v of a given inhaled do.se of a Ifierapeutie agent could be compared with 
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that of a dose adniimstcved by one of the conventional routes. In addition, 
volatile industrial hazards could he assessed more accurately. Finally, in studies 
of the pulmonaty blood-air barrier it Avould be possible to compare the amount 
retained in the lung with that transported acro.ss the semipermoable membrane. 

Tobias, Patt, Swift, and Ocrard’* developed a method for measuring the 
retained dose of an inhaled .substance, which involved the use of the following: 
a djniamic chamber from which the animal withdraws air containing the test 
material at known concentrations, a valve sy.stcm to direct the flow of air, an ab- 
sorber to remove quantitatively any of the material which is e.xpired, and a 
spirometer to record the volume of the expired air. The product of the chamber 
concentration times the volume inspired gives the (juantity of the test sub- 
stance removed from the chamber. The difference between this and the quantity 
in the absorber, as determined b}' chemical analysis, is the do.se retained by the 
animal. Critical evaluation of their early experiments reveal that, although the 
method was correct in principle, there were several sources of error in the ap- 
paratus employed. Moreover, it was not applicable to unanesthetized animals 
without tracheal intubation. 

As a result an apparatus has been developed which has the following char- 
acteristics : 

1. All surfaces which come into contact witli the test .sub.stance are made 
of glass or other chemically inert materials. 

2. The resistance at ordinary' respii’atoiy air flows is low. 

3. Condensation of expired moisture on surfaces of the valves is pi-evented, 
thus minimizing adsorption and surface hydrolysis. 

4. Unanesthetized (or anesthetized) animals can be used ndth minimal dis- 
comfort. 


DE.SCRIPTION OK APPARATUS 

Specific dimensions given herein are not critical. The .size of the apparatu.s 
should depend upon the .species studied. The measnrements given have been 
found satisfactorj' for the dog and the goat. 

Values. — Since the conventional valves contain .some rabber, metal or 
plastic materials which react with many chemical .substance.s, valves eonsi.sling 
entirely of glass were developed. After preliminarj' trials with several design.s 
the present tj-pe, using standard tapered .joints as valve housing.s, was selected 
because it combines simplicity of construction nith low re.si.slanee to ordinan- 
air flows (Fig. 1). 

A circular glass disc (A in Fig. 1), 24 mm. in diameter and 1 5 mm thick 
is ground on one surface until an airtight seal is obtained, when the disc 
IS seated on a similarly ground end of the male half of a 24/12 standard tapered 
glass .ioint (U in Fig 1). The grinding is accompli.shed in a few minute.s b^ 
rubbing the .surface of the di.se and the valve .seat on a piece of plate glass nsin- 
^undum m ^yater as the grinding agent. The cross sectional diam;ter ol 
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the airway should he large enough to pass the oxjiecled airllows with minimal 
rcsistniiee, hut the total volume of the system slioiild lx; as small as j)ossihle to 
diminish rehrcathing by decreasing the dead air space. 

As can be seen from h'ig. 1, there is a circumferential dilation of the glass 
tubing for a short distance distal to the female lialf of (he joint. Tines, the valve 
disc, when in i)o.siiion in the closed joint, can move in (his dilated area dui'ing 
each rcsi)iratoiy eycle. When the disc is seated on the gi-ound end of the male 
half of the joint, the valve is elo.sod; when it is nifived away from the end of 
the male half, the valve is open. Tlic di.ses can .sliift siifTieienfly in this dilated 
space to allow pa.ssagc of air with very little resistance (see paragraph on he- 
sistance of Comhined Valves and Ah.sorhor). I'lio valves function mo.st efTiciently 
and rapidly with tlic long axes vertical and valve scats hclow, so that Uie 
discs arc seated by gi’avity. Thus, the rosislaucc wliich tlic valves offer is de- 
termined primarily by the wciglit of the disc.s. 



The entire valve assemblj' is wrai^pcd with approjiriatc lengths of No. 24 
gauge Niclu'ome vdre insulated witli asbestos tape. By regulating the current 
through the wire witli a rheostat, the temperature of the glass is maintained 
slightly above bod}' temperature to prevent condensation of water vapor from 
the expired air. Thus adsorption and hydrolysis on the glass surfaces are min- 
imized. Stieldng of the valves because of accumulated moisture is also avoided. 

Ahsorher . — The absorber (Fig. 2) consists of a vertical, 4S mm, outer diame- 
ter glass cylinder, tapered to a 3 mm. stopcock below and to a ground glass 
stopper above. The inlet tube (20 mm. outer diameter) is connected to the expi- 
ratory valve by a ground glass joint and enlcis the absorber about 5 cm. above the 
stopcock. Then it bends sharply doAraward to terminate in a rounded blind end 
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which is perforated wth a sufficient number of holes (about fifteen), 3 mm, in di- 
ameter, to permit free flow of expired gas into tiie absorber. The absorber is 
filled to a height of 23 cm. with 4 mm. solid gla.ss beads wliich, rvhen wet with a 
suitable absorbent solution, provide a large absorbing surface. However, since 
heads would plug the inlet holes, the lower 9 or 10 cm. of the absorber are filled 
TOth readily draining solid glass spirals. These are of such size and shape that 
they cannot obstruct the inlet openings. Tlie outlet tube (20 mm. outer diam- 
eter) leaves the absorber above the level of the glass beads and leads to a record- 
ing spirometer. 



Fig. 2. — Low resistance absorber. 


Immediately before use the inlet tube is closed nith a glass stopper and the 
absorber filled mth the best solvent for the substance being studied. Then it is 
s aken vigorously to remove any air bubbles trapped among the beads which 
might pretent some of the surfaces from becoming covered with solvent and 
the solvent is drained from below. The stopper is removed and the inlet ioint 
dried and attached to the valve outlet. After use tlm ohcnrLo ■ 
from the valves and the glass stopper replaced in the inlet. The beaTsSs 

volumetric flask, and an ap^ropkte alimio^T " ^ 

not be cleaned additionally for the next .samDlinV^"! il H t ^}>^orher need 
the inlet lube and to repeat the steps outlined. required is to drj- 
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Face pi ere 1 Jiiul 3). — I’lic uiuinestiictized animal may be alfachcd 

to <bo ni>]>in‘iitns I)y moans of a voiiKlily ooiic-.sliapod, Vinylite faoepiece which 
is soalod to llio male half of a Rromul frlass joint. The animal's mouth is held 
olosod with Aco clastic bamlairc, care bcin" taken not to occhulc or to compress 
the nostrils, and the facej)iece is slipped over I lie (aiicd .snout until (he inner 
end of the jrlass joint nearly touehes the animal’s nose, llforc eJnsiic bandage 
is Avrapjied around the faeepicee and snout, thus diminishinpr the dead .space. 
By mums of tbe joint the animal is attached to the valve .sy.stem (Fig. 3). Thus, 
tlie mouth is held closed to prevent, leakage of saliva into the system, and an air- 
tight eonneelion lietween tile animal and the apparatus is achieved. The pro- 
eednre apparently causes little di.scomfort. Some untrained animals require 
no re.straint and stand <juietly breathing into the ap]mralus. 


siserier 



AVitli care the facepiece can be applied on dogs and goats Avithout leakage 
at the Aisual air Hoavs. A modification of the facepiece Avhich permits no leak- 
age has been dcA'oloped for use in monkeys.® HoAVcver, as yet, no chemically 
inert, leak-proof facepiece has been found for use on rabbits. 

In experiments in AAdiich severe loTerpnea maj' occur, the increased pressure 
of expiration maj* cause significant leakage. Therefore, it has been found ad- 
visable to test for leakage before experiments."' In tliis test tbe entire ap- 
paratus is assembled and the animal attached as usual. IIoAVCA-er, the inlet A’ah'e 
instead of being connected to the experimental almosiiherc is joined to "a eal- 
obrated spirometer. The animal then inspires air from one spirometer and ex- 
pires into a second. Any leak Avould be indicated by a diserepane.A" betAveen 
tlie Amlume changes in the tAvo spirometers. If there is no leak, tlie inlet A'alve 
can be sAvitched immediately to tlie experimental atmosphere and tlie experiment 
begun. When significant leakage lias been noted, substitutes for the facepiece 
liaAm been employed successfully AA'itli the vah'es and absorber. The upper 
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vespivatoi'v tvact can i)e shovt-civcuitecl by tvacheal of nasal intubation, l)oth 
nnclcF "eneral anesthesia, or by traclicotoiny iiiulcr local anesthesia.’ 


TF.5TS OF APP.VR.\TUS 

r<i?ec £j(Jicicitei/.— To test the valves for leakage, the facepiece'' was replaeed 
by a calibrated 50 e.c. syringe joined to the system by a rubber stopper. By re- 
peated strokes of the SAn-inge plunger measured amounts of air were drawn 
through the inlet valve and expelled through the outlet valve into a spirometer 
previously calibrated with the same syringe. With no leakage there should be 
100 per cent recovery of the air pumped through the valves. Kepeated tests 
(Table I) revealed essentially zero leakage. 

Table I. Test.s for Valtc Lfak-voe 



TOT.VL VOLUME 

VOLUME RECOVERED 



NUMBER OF 

PUMPED BY 

IX SPIROMETER 

DIFFEREXCE 


SYRIXGE STROKES 

SVRIXGE (C.C.) 

(c.c.) 

c.c. 1 

% 


3000 


0 

0 

60 

3000 

29S0 

20 

0.7 


3000 

3000 

0 

0 


3000 


0 

0 

60 

3000 


0 

0 

59 

2950 

2950 

0 

0 

5S 

2900 

2900 

0 

0 




0 

0 

40 

2000 

1990 

10 

0..5 

40 


2000 

0 

0 

20 



0 

0 



1000 

0 

0 

20 

1000 

1000 

0 

0 


Absorber Efficiency . — Several tj-pes of experiments were performed to estab- 
lish the efficiency of the absorber. The test substance was a gas containing 
chloride. Chloride ion in the absorber (and in the standard Vigreaux bubblers 
used for comparison) was titrated potentiometrically in a modified Pincof cell.® 
Three one-liter samples of air, containing from 7.3 to 10.8 x 10'^ mols of Cl 
per liter, were drawn, first through the absorber (beads wetted with 5 per cent 
XaOH) and then through a standard Vigreaux bubbler in scries ivith it. With 
flow rates of from 750 to 1,500 c.c. per minute no Cl was found in the second 
bubbler in six trials. Therefore, the bead absorber must have removed all the 
test gas from the air passing through it. 

Again by steady suction, nearly simultaneous, three liter samples of Cl 
laden air were drawn from a d>namic chamber, one throush the valves and 
bead absorber and another through a standard bubbler. In^Table II recoveiw 
l)y the head absorber and bubbler are compared. The percentage difference be 


T.VBi.r, II. Chloride Recovw.v by Be.vd Absorber .^^-D St.ixd.ird Bcbbler 
(Ste.u)y G.\s Flow) 


CI. RECOVERY 


Br..\D .vbsorber 
(MOLS >" lO--' PER liter) 


17 . 7 .-) 
IT. Si 
17.70 


17.53 

17.44 


ST.VX 1 ).\RI) BUBBLER 


(MOLS X 10'5 PER LITERS 
17.70 

noLs x 10 -' 


0.19 

0.20 


% 


~o.s 

- 1.0 

- 1.4 
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tween (iie {wo sets of values is sniall enough to Jiavo resulted iVoiti a summation 
of possible crroi-s in titrations or volunie nieasuiaunents. 

To approximate more eiosely the eoiulitions of an aetiial experiment, the 
valves, absorber, and sj)irometer were set up in series. The chloride containing 
gras was pumped throuprli tiie aiiparatus by a bO c.e. .syringe (.simulating a 
breathing animal), from a ebamber the gas eoiieentration of which wn.s .simul- 
taneously and independently analyzed. Tlie data in T;d)lc III further e.stahli.sli 
the enieiency of the head aimorlier. Chloride recovered from the aI).sorl)er issecn 
to have agreed very well with the value ])redietcd from standard chamber an- 
alysis. 


Taiii.k ITT. CiiAMiimi Cin.oiiiiiK Co.vck.vti:.\tion' PirrKis.MiS’Ki) by .‘STAsn.^nn PimimEit anpBe.U' 
Ausokuft. With VAiA't:.s TXTKi:i'(t.si:n (jNTErmiTTK.sT (tA.s I'i.ow) 


VOI.fMK OK OAR 
IMJMPKIi (C.C.) 

Cl, COXCE.VTIFA- 
TiOX IN* 
CnAMUEi; 
(MOl.S X 10-A 
I'Ki: I.ITla;) 

AiisomiEu Cn 

(AfOI.S X lO-A i-Ei: I.ITKIl) 

Dirrr.iiKN-cE 

KXI'KCTKI* 

MrAKfllKP 

MOr.K X 
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Sc 

3,000 

O.tw 

17.01 

lO.OS 

0.03 

-0.2 . 

.3,000 

0.51 

) (5.S5 

10.88 

0.0.3 

iO.2 



tfi.SO 

10.8.3 

0.03 

4O.2 

2,080 

.■).21 

15.5.3 

1.5.01 

O.OS 

+0.5 

2,nso 

5,1.3 

1.5.20 

1 5..35 

0.00 

+0.4 


5.14 

15.12 

1.5.00 

0.24 

j-l.S 


Resistance of Combinrel Valves and Absorber , — To measure rc-sistance of 
the apparatus at normal air /low.s. a calibrated mombrnne manometer was con- 
nected between the inspiratory valve and the facepiece. Thus, in addition to 
the spirometer measurement of tidal air and respiratory rale, a record eonkl be 
obtained of pres.snrc eliangcs dnidng- respiration. -After the tcmjFcrature of tbc 
iieating coil wa.s adjusted and the beads in tJie ab.sorber Avere moistened, dogs 
Avere permitted to brcatlic into the apparatus tlirough the u.sual facepiece. 


Tahbe IV.. ifEsi.STAXcn Or Co.aihinkd Vaia’ks anii Aiesochki: 


UESnUATlOX PEU 
MIN'UTE 

TIDAI. AIU 
(C.C.) 

I.VSI'JKATOUV PKKRSUKE 
(MAf. lEO) 

E.veiK.ATOitA' rr.Es.suBE 

n.o) 

.MIN. 

MAX, 

MIX. 

1 MAX. 

MIX. 

MAX. 

12 

14S 

300 

4.4 

4.4 

0.0 

12.8 

12 

117 

2.34 

4.4 

4.4 

0.7 


8 

170 

.312 

4.0 

4.4 

777 

1.3.4 

10 

27.3 

408 

4.5 

12.2 

32 2 

17.5 

10 

214 

308 

4.2 

4.4 

10.2 

13,2 


Prom the data in Table it is clear tliat both the inspiratory and ex- 
])iratory pressures at different respiratory rates and tidal air Aoaa’s are no greater 
than the normal intratracheal prc.ssnres. Therefore, the entire system, facepiece, 
valves, Avet alrsorber, and spirometer, offers but slight resistance to normal 
respiration. 

DISCUSSION 

The apparatus described for determining retained closes of inhaled sub- 
stances fnlfilbs the essential specifications. All pai-ts coming into contact Avith 
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respired mixtures are constructed of glass or other chemically inert materials. 
No condensation of e.xhaled -water vapor can occur within its channels. Since 
the valve flaps ai-e light in weight, since the diameter of the tubing is relatively 
large, and since the absorber utilizes a large wet surface rather than a liquid 
column, the resistance offered by the apparatus at nomal respiratory flows is 
low. Unanesthetized animals can he used -with a minimum of discomfort. 

A factor to he considered is the quantitative relation between the volumes 
of inspired and expired air, because the volume breathed during exposure is 
measured as expired air. Actual measurements done in connection -u-ith leak- 
age tests (see paragraph on Valve Efficiency) have detected no signifleant dif- 
ference. It is, however, obvious that when an allmline solution is used in the 
absorber CO, will be removed from the expired air. Consequently, since the 
animal consumes oxygen, the expired volume will be smaller than the inspired. 
The discrepancy would be about 4 to 6 per cent and will tend to make the re- 
tained dose too low. If greater accuracy is required, the discrepancy can be 
corrected approximately by ealeulation. or accurately by determiuiug the oxygeu 
content of the expired air. 

The valves, it should be recalled, constitute two outlets of a glass tube -with 
a third outlet where the facepiece attaches. Thus, the volume delimited by the 
inspiratoiy valve disc below, the expiratory valve disc above, and the facepiece 
constitutes a “dead space” through which the animal must breathe. Conse- 
quently, at the end of each expiration the concentration of test substances in the 
dead space -odll be somewhat less than that in the chamber, the e.vtent of the dilu- 
tion depending on the concentration of test material in the expired air and the re- 
lationship between the volume of the dead space and the animal’s tidal air. Con- 
versely, during inspiration, as the experimental mixture is drawn from the cham- 
ber, the concentration in the dead space is increased by an increment which de- 
pends also on the dead space-tidal air relationship. At the end of in.spiration some 
of this more concentrated mixture is expired into the absorber -without coming 
into contact -with the animal. As a result analysis of the absorber contents -will 
yield a somewhat excessive estimate of the amount of material to which the 
animal was exposed, and if not corrected, the apparent percentage retention 
will be too low. On the other hand the concentration to which the animal is 
exposed will be less than that in the chamber due to the dilution in the dead 
space by the expired air. The detailed mathematic treatment and derivation 
of a correction factor for calculating the true percentage retention and the 
actual exposure concentration appear elsewhere.= It is wise to reduce the dead 
space as much as possible by using short standard tapered joints. However it 
should be emphasized that the existence of the dead space has no influence on 
the determination of the retained dose. 


1. An apparatus has been _ constructed which permits accurate measure- 

ment of the actual doses of certain inhaled substances retained bv un anesthetized 
animals. ‘ ^ 

2. The percentage of inhaled material retained may be calculated readily. 
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THE EBLATIYE EFFICIENCY OF WATER CENTRIFUGAL 
SEDIIIENTATION AND OTHER METHODS OF 
STOOL EXA:MINATI0N for DIAGNOSIS 
OF SCHISTOSOMIASIS JAPONICA 


Skcoxd Lieutexaxt Bahu.J. Baroodv, Saxitary Corps, axd 
]\Iajor Harry Most, jMedical Corps, Army of the Exited States 

T he demonstration of the eggs of HcMstosoma japonicum in American per- 
sonnel under clinical observation for suspected schistosomiasis frequently 
entails numerous stool examinations. Patients with light or subclinical in- 
fections or those following inadequate treatment may have repeatedly nega- 
tive stools by the ordinary methods of examination. Initial treatment or 
retreatment is msually not given unless the stools are positive. It is, there- 
fore, desirable to employ methods with the highest degi-ee of efficiency in 
detecting eggs for diagnosis and subsequently in the evaluation of thei’apy. 
During the past year we have examined more than 25.000 stool specimens 
from 800 patients with .suspected or proved .schisto.somiasis japonica. In the 
course of these examinations the relative efficiency of various stool techniques 
was studied. The purpose of this paper is to present a simple rapid method 
of stool examination which we have found to be more efficient in detecting 
eggs of S. japonicum than other routine or special methods currently employed. 


M.ITERIAL AXD METHOD.S 

Each initial stool specimen from all patients .suspected of having schisto- 
somiasis was examined by direct smear, zinc sulfate centrifugal flotation, brine 
flotation, and the modified centrifugal rvater sedimentation method described 
herein. All subsequent stool specimens were examined by direct smear, spe- 
cial attention being given to select a portion containing blood or mucus if 
present, and by centrifugal water' sedimentation. A selected number of posi- 
tive specimens was submitted to comparative study by the acid-ether, zinc 
sulfate, direct smear, and centrifugal water sedimentation methods of stool 
examination as well as several modifications of these techniques, 

Faust and Meleney,’ in 1924, de.seribed a water sedimentation method of 
stool examination for the demonstration of eggs and miracidia of S. japonicum. 
This method requires the use of the whole fecal specimen and repeated wa.sh- 
ing and gravity sedimentation in gla.ss containei-s of from 1.000 to 2,000 c.c 
capacity. The ma.ior value of this method apparently lies in the large amount 
of feces employed, but it is not practical for routine use in large numbers of 
examinations because of the size of the vessels required and "the time con- 
sumed in its use (from one to two hours or more before final sediment is ready 
for examination). However, it may be of value in an indhddual case rnth 
extremely few eggs if stools are repeatedly negative by other methods in which 
relatively small amounts of feces are used. 


Uf'Ccivprt for mibUcatlon. .Xpril 2G, ISIS. 
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Modified Wnirr Ccntrifufinl S'ldiniciilolitm Method . — 

1. Place from 10 1o 15 rim. of llic fece.s in a 125 c.c. Ericmncycr llask con- 
lainiiijr about 100 c.c. of lukewarm tap wafer. Inscrf a Xo. 4 rubber stopper 
and .shake vifroroiisly for one or two mintife.s, or until fbo j)artic!e.s arc in fine 
.susjren.sion. 

2. Strain the emul.sified fc-ee.s Ihroufrh two iayer.s of wet g'niizc into a 50 
e.e. eenfrifiifre tube wifli teated bottom (tube dimensioms: lieicrht, 4'*/) inches; 
diameter. 1 inch). 

3. l'entrifu”:e at 1,500 r.p.m. for thirty .seeond.s (brake of ceiitrifu're ap- 
])lied nrradually). 

4. The .supernatant fluid i.s deeanterl ami taj) water of about 40' C. is 
added to the 50 e.e. mark. In.sert a rubber .sfoi)per and .sliake .several times 
until the .sediment i.s finely dis[)ers(‘d. 'I'lie warm wafer eause.s a scum to rise 
to the .surface. This is desirable. 

5. llepeat procedures 3 and 4 until the .supernatant fluid is clear; three 
washinprs and three cent i-ifu<rat ions are usually siiiifieient. 

(). *Affei* the last ^vashintr and eentrifuiiation the clear supernatant fluid 

i.s poured off and the j)aeked sediment remains. If the firifrer i.s "cntl.v tapped 
against the side of the tube, the packed .sediment i.s disper.sed and settles to 
the bottom of the tube by gravity within a minute. 

7. AVith a rubber-bulbed pipette place 4 drops of mi.ved .sediment on a 
gla.ss .slide and cover with a large cover slip size 22 by 40 mm. Afake at loa.sf 
two slides. 

8. Examine under low-power ob.ieetive of the micro.scopc for cgg.s of 
schistosoma. S. japonicum eggs are oval. 70 to 100 by 50 to GO p, may or maj 
not have a rudimentary spine, and in blue-white light apiicar greenish orange. 
Schistosoma mausoiii cgg.s are elongated. 114 to 175 b^* 45 to GS p, and ha\e 
large lateral spines. Tii both si)ecies. if the ova are viable, the miracidia v,i 
exhibit moA'cmonts within the egg.shcn.s, and the activity of the flame cells may 
be seen under higher inagnification. 

9. If the slides ai’c negative for .schistosoma ova, add about 10 drops of 
water to tlie remaining .sediment in the tube, leave overnight in a warm place, 
and examine the follo^ving day for miracidia. The entire contents of the tube 
can be placed on a large slide and examijied under a dissecting jnicroscope. 
This phase of the examination i-equires le.ss than two minutes. 

10. Exeludi7ig proeeclui’c 9, Jiot more than five minutes are required for 
the examination of each slide, and not more thaji from fifteen to twenty min- 
utes are requij'cd fi-om procedures 1 through S. 

Snmmarij of the Method: , 

1. A large sample of the feces is used; this is especiall 3 ' A'aluable in light 
infections. 

2. Viability of the OAm is determined. 

3. Eapidity of method — report can be rendered within fifteen minutes. 

4. A hatching test is a part of the method. 
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5. Other ova, cysts of protozoa, and larvae of helminths may also be found 
and identified. (For protozoan cysts add a drop of Liigol’s or D ’Antoni’s 
iodine to slide.) 

6. Preserved concentrated specimens can be made quickly by adding 10 
per cent formalin to the sediment, in the tube at the end of the fresh examination. 

T. Xo chemical reagents are required ; minimum standard laboratory equip- 
ment is used. 


Comparative Results of Stool Examinations hy Wafer Centrifuyal Sedimen- 
tation and Other Methods . — 

1. Direct Smear: 1,026 consecutive fecal specimens (171 patients) not con- 
taining any grossly visible blood or mucus mere examined simultaneously In- 
direct smear and centrifugal sedimentation. These patients all -had received 
treatment previously and mere under observation for the evaluation of .suc- 
cess or failure of various forms of therapy. Patients mho Avere found to have 
positive results rvere examined daily until another positive stool Avas found. 
Results in ten patients Avere found positive by direct examination of fecal 
material free of grossly visible blood or mucus. Results in these Avere all posi- 
tive in Avater centrifugal flotation. In addition, results in thirty-nine patients 
Avere found positive by the latter method making a total of forty-nine positive 
cases detected by centrifugal Avater sedimentation or a relative efficiency of 
4.9 ;1 for this method compared to direct smear examination. This particular 
ran is considered a good test of both methods since all patients had been 
treated prcA-iously, and those AA-ith positive results Avere passing only a feiv 
eggs. In vicAV of the fact that all patients Avith schistosomiasis in Army per- 
sonnel diagnosed overseas or in this country aaoU have received one or more 
courses of treatment, it may be expected that the majority of such patients 
still having active infections Avill escape detection by direct smear examination 
if no mucus or blood is present in the feces. The conditions in this test run 
Avill simulate those faced by physicians and laboratories in ciA-il or veteran’s 
facility practice. 


2. Examination of Mucus or Btoodstreahed Mucus by Direct Smear: All 
stool specimens Avere examined carefully by inspection of the .surface and 
crcA-iees for the presence of areas of bloody or mucoid material. Such ma- 


terial Avas placed on several slides and examined mieroscopicallv. Of fiftv 
consecutive specimens from different patients AA-hose stools contained bloodV 
mucus, forty-five (or 90 per cent) Avere positive for eggs of S. japonicum on 
direct smear examination of this material. Usually a large cluster of egf^s 
Avas readily found under IoAv-poA\-er magnification AA-ithin a minute Of the 
forty-five specimens AA-hieh Avere positive on direct examination fortv-tAvo 
Avere also positive by Avater centrifugal sedimentation performed on a portion 
of the same fecal specimen but from an area not containing visible mucus or 
blood. In addition, one of the five bloody mucus .specimens Avhich Avere ne-a 
tive by direct smear Avas positive by Avater centrifugal sedimentation. 4chi- 
ally. for diagnosis in tins group of fifty patients, it Avould have been neeessarv 
to run by sediniemation only the five specimens AA-hich Avere negative on direct 
examination of bloody mucus. The total positive results in the group Avoffid 
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tlieii i)o forly-six (or 92 per cenf), of M'liirh direef .smojir alone liad delected 
97.8 per ccnl of the positive re.sull.s. In this (.'I'oiip of fifty 8fi per cent of the 
total patients were cleteeled liy eenlrifiifratioii alone. 

Consideration of tlie lindinps di.seu.ssed in the jjaecedinfr hvo piirafrraplis 
have tliese ))raeti('al iinplieation.s. Fii-.s(, careful friuss examination of .stool 
.s])ceimens for the presence of hloody mucus is very important, heeamse in this 
"roup of patients if the latter iva-s fonnrl we could expect to find e"tr.s of 
japonkiim readily and fpiielcly hy direct examination of such material in ahoiit 
90 per cent of the s])eeimens. Xo further examination then is necc.ssary. 
Second, direct smear examinati<ni of noidtioody mucous fecal material in the 
majority of patients ])ai-lit‘ularty in those with li^rlit infections or after one or 
more courses of treatment, will yield relatively few jmsitive re.sults and only 
rare positives will occur udiieh are ne":ativ<> hy the water centrifup'al sodinicn- 
tation method. In our exi)erienee the latter method has confirmed all routine 
direct smear positives obtained from fecal specimens fi'ce of "i-ossly visible 
hloody mucus. rcasonahle technique therefore in a stool examinatioji for 
su.spceted schisto.somiasis is careful inspection of the .specimen for bloody 
mucus, direct examination of the latter if present, and -water centrifugal .sedi- 
mentation if negative or not ])re.sent. 

3. Zinc Snlfaic C'cnirifur/al Flolaiinn:- In the eouise of the.se studies ap- 
proximately (iOO patients u-ith .schistosomiasis had at lea.st one examination by 
the foregoing inelhod. The diagnosis of schistosomiasis was confirmed by the 
demonstration of eggs of B. japonicnm at this hospital in 226 patients, but in 
no case was the diagnosis made bj' zinc .sulfate. Ten specimens containing a 
lai’ge miinher of S', japonicnm eggs were .studied hy the zinc sulfate method. 
In two .specimens wrinldcd ina.sse.s of eggshells were found hy zinc sulfate, 
hut prO])er identification would liavo been impo.ssihle. If the .speed of cen- 
trifugation is reduced below 3,000 r.p.ni., distortion is le.ss marked, but the 
eggs are still not suitable for routine identification. If the M’hole sediment 
obtained by ivaler .sedimentation is treated by the zinc .sulfate method but 
centrifuged at ]c.ss than 1,000 r.p.m., a large number of eggs Avill be brought 
to the surface. These arc also poorly preserved, and this modification would 
have no merit since it would entail carrying out the procedure of two mctliod.s. 
the fii'St of which alone gives a more satisfactory result. The standard zme 
.sulfate metliod routinely employed in patients suspected of haAniig schisto- 
somiasis is valuable in detecting protozoan cysts and larvae and eggs of some 
helminths but is of no value in the diagnosis of B. japonicnm infections. 

4. Brine Flotaiion; No patients ufith .schistosomiasis japonica were dis- 
covered by this method which -was applied at least once in all patients. 

5. Acid Ether: Fifty specimens from different patients found to have posi- 
tive results bj^ water centrifugal sedimentation were examined by the aeid-etlier 
techniques of De Rivas^ and Weller and Dammiu.-* The use of 40 per cent hydro- 
chloric acid was superior to 5 per cent acetic acid, but both methods of acid 
ether jdelded only sixteen positive result.s or an elificiencj^ of only 0.32 com- 
pared to water centrifugal sedimentation (1.00). Ten specimens positive hy 



DIAONOPIS or SCHISm^OMIASIS .rAPOXICA 


819 


water centrifugal sedimentation but negative by acid ether were examined 
again by the acid-ether method with the addition of small amounts of quarter- 
master laundry detergent. Only one specimen became positive as a result of 
this modification, and it was not deemed worth while to explore this further. 
Acid ether alone was superior to direct smear examination of specimens with- 
out visible bloody mucus, but either method or both combined were far in- 
ferior to water centrifugal sedimentation alone and did not increase the yield 
of positives if performed in conjunction Avith the latter. Acid ether is not 
recommended as the procedure of choice for the diagnosis of schistosomiasis 
japoniea infections. 

6. Comparison of All ^Fethods in a Scries of Fifty Consecutive Stools Posi- 
tive for Eggs of S. japonicum: The findings summarized in Table I bear out 
the ‘data presented and discussed in the preceding paragraphs. One notes that 
in this series zinc sulfate and brine flotation failed to detect a single infection. 


Examination by direct smear of bloody mucus present in eight specimens 
was posith’e in seven, and the remaining speeimen'was positive by water cen- 
trifugal sedimentation. The latter method alone would have missed three 
specimens positive by direct smear. Examination of feces from areas not con- 
taining grossly visible bloody mucus by direct smear detected nine (18 per 
cent) positives, all of which were also positive by water centrifugal sedimen- 
tation and four of Avhich Avere positive by examination of mucus from the 
same specimen. Direct smear examination of fecal material AA-ith and Anthout 
bloody material thus detected tAvelve (or 24 per cent) of the total patients 
AA'ith positive results in this series. 

The acid-ether method permitted detection of sixteen positive res-ults (32 
per cent), all of Avhieh Avere also positiA'e by Avater centrifugal sedimentation. 
Acid ether detected seA'en positives not discovered by direct smear of fecal 
specimens free of grossly visible bloody mucus. The one specimen of bloody 
mucus Avhich Avas negative by direct smear Avas also negative by acid ether, 
and three positive bloody mucus specimens Avere negative by acid ether. Acid 
ether alone, therefore, Avould have discovered 32 per cent of the po.sitives. and. 
if combined with direct smear of .specimens Avith or without bloody mucus, the 
acid-ether method Avould haA-e detected nineteen (or 38 per cent)' of the total 
posith'es. 

Water ceiAtrifugal sedimentation detected forty-seven (or 94 per cent) of 
the total positive results in this group of fifty patients-, the remaining three 
having been found to have positive re.sults by direct smear of blood mucus and 
negative by Avater centrifugal sedimentation. 


, , , ■ 5 '3«t» •na.eates that the most practical and efficieot 

method of dctect. 0 ,, of eggs of i„po„!c„,n ip atool apeeimeps eonsista of 
( ) carefol v.at.al cMm.natiop of the entire -ross specimen for the presence 
of mucus or hloodr mucus and. if present, the latter is etcamraed bv direct 
smear and (2) tvafer e.n r.fugaUediraentation e.-tan,i„.li„„ if „uc„s oi bloodv 
mueus ,s abseut or negative bv direct smear examination if present. 

.MuaWr c Shot /or Diasnooh a„d Dkeonru of TreotoKot 

Fo,7,,r.s.-I„ the pretence of active infection mill. f.poaic.,,,, several faclo"! 
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Tahi.k T. ]Ji:ki:i,ts ok Sroni, Kxamin'atio.vk roi; ICfic.s of H. jAro.virrM isv 
VAi’.iors MKTrioiis i\ Futy I’iidvkd (’askk 
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P, present ; X, positive; 0, ncfrative. 


other than the efficiency of (lie teehniqne of stool examination will have an 
influence on whether or not eg-gs are found in the feces. These are the stage 
of the disease, the degree and extent of intestinal involvement, whether specific 
treatment has been given, and, if so, the drug and total amount, the time 
interval following completion of treatment when stool examinations are he- 
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gun, and tlie total number of stools examined. These factors will be dis- 
cussed briefly. 

The acute stage of the disease will not ordinarily be seen in this country. 
However, the number of stool examinations necessary to e.stabli.sh the diag- 
nosis during the acute stage of the disease exjierienced overseas is of intere.st. 
Of fifty patients with positive stools overseas subsequently found to have posi- 
tive stools at this hospital, results in twenty-two were found positive overseas 
on the first examination, seventeen in from two to five examinations, ten in 
from six to ten, one was positive in from eleven to twenty, and one in more 
than twenty stool examinations. The average number of stool examinations 
necessary to demonstrate eggs of S. japonicum during the acute stage of the 
disease overseas in this series of patients rvho were examined within from two 
to four months after first possible exposure was 3.G. The method of stool ex- 
amination at overseas hospitals was not specified but probably consisted of 
direct smear and some form of water sedimentation. Stool examinations in 
these same patients were all found positive here after prior treatment. In nine 
patients results were positive in the first five examinations, ten in from .six to 
ten, eleven in from eleven to fifteen, six in from sixteen to twenty, seven in 
from twenty-one to twenty-five, and seven in from twenty-six to thirty-five 
stool examinations. The average number of stools examined before eggs were 
found was fifteen. It is apparent then that eggs are found more readily and 
with fewer stool examinations during the acute stage of the disease than later 
after treatment has been given. 

In order to determine whether eggs once present appear regularly there- 
after, .stools from patients found positive rvere examined daily until the next 
positive result was found. Of fifty .such patients, results in thirty-seven 
were positive on two consecutive days, five again on the third consecutive 
examination, two on the fourth, two on the eighth, and one each on the four- 
teenth, nineteenth, twentieth, and twenty-second consecutive examinations. 
This indicates the irregularity uith which eggs of S. japonicum may appear 
in the stools, since from one to twenty-two days or more may elapse between 
two positives and emphasizes the necessity for repeated examinations before 
the diagnosis can be excluded reasonably. 


Success in discovering treatment failures is governed largely by consider- 
ation of the tjTie and amoiuit of treatment, the total number- of stools ex- 
amined, and when, after treatment, .such examinations are begun and how 
long continued. Stool examinations during the first three or four weeks im 
mediately after treatment are of no significance since eggs alreadv laid prior 
to treatment may require this lerfgth of time to leave the bodv and do not 
indicate treatment failure.^ As a rule treatment failures after fuadin are 
discoTei-ed at shorter iiiteiTals (from five to seven weeks) than after tartar 
emetic (from eight to twelve weeks following completion of treatment) Fiftv 
consrenttve treatment failures at Moore General Hospital regnired an avera-o 
of etght stool enamina tions (ranging from one to twenty-nine) dnrin- a'n 
interval ot sirty days beginning thirty days after completion of treatment 
before eggs wore discovered. It is therefore snggested that stool Z 
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inalimis bo starlod thirty dnys after eomplotion of trontiiiont and snch 
exiuninations l)o contimiofl (tliroc spocinions ])f>r Avook) for the next eight 
to ton weeks. Sinoo the ma.iority of patients Avith sidiistosoininsis japoniea 
Avill ro(\uirc one or more oo\ir.sos of trcnlinenl, consideration of tho-so factors 
is important in discovering: treatment failnrcs. Treatment failures can only 
he discovered by repeated stotd exaiuinations d\irinp: u relatively long period 
of time. In evaluating .suspected .scliistosomiasis in patients Avitli a detinitc 
history of exjiosure in an endemic area and .suggestiA’c clinical finding.s, from 
{Aventy to thirty stool examinations in from foni- to .six Aveek.s may he rerjuired 
to estahli.sh or cxehide tlie jireseiie^* <»f eggs in the stools. Persistently negative 
stools in .some patients do not jireelude the possibility of aelive infection. 

ParnsUoi OHicr Than *S'. ja])onu'inn Diwovord hij Water Centrifugal Sedi- 
mentation. — In the eourse of numerous examiuatious by the previously nicri- 
tionod metliod of stool .speeimeiis fi'Oiu jiatieiils Avith su.speetcd or proved 
schistosomiasis, other j)arasile.s Avere frequently di.seoA'ored. In lOO patients 
found to have *S’. japonieum eggs in llie .stool as a result of one or more exami- 
nations by Avator centrifugal .sedimentation. 4 per cent of the patients Avcrc 
fouird to liaA'e cysts 'of ICnehimoeha hiftinh/tica in the sediment, IS per cent, 20 
per cent, and 4 per cent liad cggs<tf hookworm, Triehurin iricliiuna and.4.Acnns 
h(mhrkoi(te.‘!, respect iA’cIy, and 2 percent had lai'A-ae of St ronggloulc.t stcrcoralis. 
A .single zinc sulfate examination in each of the same patients .sIioaa'ccI 4 per 
cent, fl per cent, 4 per cent, 1 per cent, and 2 per cent to have tiie.se parasites 
in the order giA’cn. A single brine flotation in tlic.so palient.s detected 13 per cent 
to have liook\A-orm infoction.s, and six and 2 j)or cent lind Triclinri.s and Ascaris. 
respectively. 

No comparison of llio relative elTicicney of thc.se methods in detecting 
protozoa or hclmhAths is intended. Each patient Avith stools posiliA'c for S, 
japonienm had on the aA'cvage fifteen Avater sedimentation examinations be- 
fore the diagnosis Avas e.stahli.shed and at least thirty additional examinations 
after treatment, Avhcrcas zinc .snlfato and brine flotation Avere done only once 
exceiAt to evaluate treatment for hookAvomn or amebiasis. IIoAvcA'cr. it is im- 
portant to note that in the course of many Avatcr centrifugal sedimentation 
exfiminations for the diagnosis or cA'aluation of therapy in schistosomiasis 
other pathogenic protozoa or helminths may he found, AA'hich may or may not 
be found also in a single zinc sulfate, brine flotation, or direct smear examination. 

SUAIMABY AND CONCLUSION'S 

1. Water centrifugal sedimentation is *a simple rapid mcfliod of stool ex- 
amination for detecting eggs of S. japonieum in the stools of infected patients. 

2. This metliod requires no chemical reagents, and only a minimum amount 
of standard laboratory equipment is necessary. 

3. In our experience it Avas more efBeient than direct smear examination 
of stool material free of grossly visible bloody mucus or examination by acid- 
ether, zinc sulfate, or brine flotation. Viability of eggs found after treatment 
can be determined. 
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4. Direct smear examination of bloody mucus present in some stools re- 
vealed a high percentage of positives for S. japonicum in such material. Occa- 
sionally trophozoites of E. liisiolytica also were found in this material. 

5. Water eenti-ifugal sedimentation done repeatedly in the course of the 
diagnosis of suspected schistosomiasis, or for evaluation of specific therapy, n'ill 
frequently detect the presence of other protozoa and helminths in addition to 
S. japomcxnn. 

6. In our experience the stool method of choice in the study of patients 
rvith schistosomiasis japonica is as follows : 

(a) Careful visual examination of the gross stool for the presence of 
bloody mucous material. Direct smear examination of this material if present. 

(b) Water centrifugal sedimentation of all specimens not containing 
grossly visible bloody mucus and specimens negative by direct smear of bloody 
mucus if present.” 

(e) Routine zinc sulfate and brine flotation for the detection of protozoa 
and helminths other than S. japonicum which may or may not be found by 
water centrifugal sedimentation and which may be present in a high per cent 
of patients under obsen-ation for schistosomiasis japonica. 

7. Prom twenty to thirty stool examinations during a pei-iod of from foui' 
to six weeks were required to detect light asymptomatic infections, in a group 
of patients exposed on Leyte. Eggs had not been detected previously in any 
of these individuals, and none had received treatment. 

8. Following treatment stool examinations should be begun thirty days 
after completion of treatment and continued for from eight to ten weeks (three 
stools weekly). !Most treatment failures are discovered from five to twelve 
weeks after completion of therapy with fuadin or tartar emetic. 
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Maktiia h. Ci{ir/roN'. B.A., axi> MacDoxaia) Ffi/jox. Pii.l). 
fiMMJiTOS, Tr.XMi 

t))e inciTiis'iiifc nttoiition <hn( is heiiifr fjivon (<» tlio baeteriologic 

ch.'ii'iK'forislics iind i»:if Iiofjoiiic sitriii/icaiifo of liio j)ai’!K'()loii bacilli, the 
need lias arisen for prompt and ofiVc'live tests by wbieb fbey way be recog- 
nized. Fssenlially, the paracolon gronp is ebaraeterized by t be single prop- 
erty of fermenting lactose slowly. This is not a satisfactory cbaracteristic for 
use in diagnostic laboratory work beeanse. as Monteverde’ and otbcr.s have 
well shown, it is very slaw to appear, iw-cgnlar even with the same pure cul- 
ture, and in general it is an nnpredietable reaction. The advantage of the 
prompt reporting of identifications, if the physician is to be guided in treat- 
ment by knowledge of the type of bacterial infection e.xisfing in the patient, 
makes le.ss time-consinning test.s very iieeossnry. 

Since Rn.s.scll,* in ]!)]!, advocated the first double sugar agar medium for 
the din'erentiation of gram-negative enteric bacilli on the basis of lactose nvii 
glucose fernientation, many workers have proposed similar one-tube to.st media. 
Among the more recent media are lla,Tna '.s,-'' Snlkin and 'Willelt.'s,* FelsenfcW 
and Young 's,'"’ Krnmwiede and Kolin’s,® Ivligler’s,' and Friewer and Shaugh- 
ne.ssy’s.® b'elsenfeld proposed using bis medium not as a screen test but to 
confirm the reactions of organisms sn.spcctod of being Salmonella or Shigella 
on the ba.sis of a jirevionsly jierformcd test on Friewer and Sbaugbuessy s 
medium. The successive use of two media, the second of wliieb bad to be 
olxserved for four days, did uot accomplish the objective of rapid separation 
of the Salmonella and paracolon groups. 

The problem of promiit recognition of paracolon cnltnres was approached 
by comparing the fermentation reactions of over 250 paracolon strains with 
the reactions of the strains of Salmonella in the standard collection of Sal- 
monella type cultures. Tliere were various tests in wliich paracolon enltures 
gave positive results while Salmonella were negative. By combining these 
test substances into a single medinm, a presumptive test medium was secured 
in which a positive reaction eliminated the possibility that the test organism 
belonged to the Salmonella group. The new multiple sugar medium AvaS 
intended for use as a preliminary test with A\diich to distinguish paracolon 
cultures from Salmonella, replacing lactose bz-oth Avliicb had proz'ed too slow 
and uncertain. For convenience this medium was called AASS, from the in- 
itials of the carbohydrates used in it. 

From the Department of Pediatries, University of Texas Seliool of Medieine. 
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The composition o£ the AASS medium was: 0.5 per cent adonitol, 0.5 per 
cent aesculin, 0.5 per cent salicin, and 0,5 per cent sucrose di.s.solved in purple 
broth base.® Two indicators were employed: (a) bi-omcresol purple. 0.015 
Gm. per liter as present in purple broth base, and (b) ferric ammonium citiate 
biwvn scales, 0.05 Gm. per liter. The carbohydiates di.ssolved in tlie broth were 
tubed in fi’om 2 to 3 c.c. amounts and sterilized in the u.'^ual manner. The 
AASS broth was also tested using gas vials, and it gave the same reactions 
■within the same limits of time as the medium without the vials. Hence, gas 
production could also be observed in this medium if desired. 

None of the four carbohydrates was fermented by Salmonella, whereas 
one or more of them was usually fermented by the paracolon organisms. The 
mediimi became yellow if adonitol, salicin, or sucrose was fermented. If aesculin 
was fermented the medium blackened. In addition to the fermentation of the 
sugars, Kovaes’ test for indole production was superimposed on these cultures, 
thus making it possible to detect many paracolon strains which were indole 
positive but did not ferment the carbohydrates. In this connection it may be 
pointed out that these indole tests were made on cultures which failed to 
ferment any of the four carbohydrates which were present. As a matter of 
interest it can be recorded that indole tests were also made on the cultures 
which showed positive fermentation reactions, with results that agreed "with 
the known indole reaction of the culture obtained in all cases. Over 250 para- 
colon strains were tested in the AASS medium, and it was found to be about 
80 per cent efficient in indicating that a culture belonged to the paracolon 
group. This result was obtained with cultures incubated for twenty-four 
hours at 37° C. 


The paracolon group could be separated into three types on the basis of 
biochemical reactions in the AASS medium: (1) those which fermented one 
or more of the carbohydrates in twenty-four hours, (2) those which did not 
ferment any of the sugars but were indole positive in twenty-four hours, and 
(3) those which did not ferment the sugars and which were indole negative 
in twenty-four hours. Forty-four per cent of the 257 cultures tested fermented 


at least one of the sugars in twenty-four hours. Some of these tubes were 
yellow indicating that adonitol. salicin. or sucrose had been fermented, while 


others were black indicating fermentation of aescidin. Thirty-five per cent 
were fermentation negative and indole positive. The indole tests checked rvith 
the results obtained by Kovaes’ test in the usual 1.0 per cent tryptone broth. 
Twenty-one per cent of the paracolon strains were negative in both tests 
AASS cultures of this group were observed for seven davs and onlv eleven 
of the strains were slow fermenters of the mLvtm-e of earbohvdrates * Amon- 
tins group of fifty-five cultures, twenty-two gave emdence of abilitv to ferment 
lactose when grown for twenty-four hours at .37° C. on a heavilV inoculated 
slant of 10 per cent lactose in purple agar base.- This comparath-elv aerobic 
method of testing for ability to ferment lactose was found to be sunerior in 
many instances to any other broth semisolid or solid stab medium which was 


•Difco Uaboraloriw. Inc.. Detroit. Mich. 
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The AARS niecliuiii ciw be used in aceordiinee witii tlic following suirpe-stcd 
routine ; Possible paraeolori cultures are inoculated into (he AASS medium 
and onto slants of K) per cent lactose npir eontainin'r broincrcsol purple indi- 
cator. Incubate for twenty-four hours at .'17^ C. Positive reactions in .it-ARS' 
will be considered to be aeidifieation, blaekeninfj, or a positive Ivovaes' indole 
test. The 10 per cent lactose slant will be I'cad positive when (a) the indi- 
cator in the agar is changed or (b) when daughter colonies showing (he acid 
color of the indicator arc observed arming on the growth on the slant. The 
identification of the paracolon group is indicated when either or both of (hc.se 
(wo tests is ])OKitive in twenty-four liour.s. 

Proteus cultures may give a positive AA.R.R test, as may .Shigella. The 
latter can be e.xcluded by (he .slide agghdination test as developed by AVei! and 
as.sociates.'' The recognition of Proteus cultures as a group is be.st made hy 
(he test for hydrolysis of urea as proj)osi‘d by Pnstigian and .Stuart.’" I'ur- 
thcr investigations arc needed in order to devise means for the prompt classi- 
fication of the group of strains which were negative in AAS.S and on (he 10 
per cent lacto.se .slant. At present the complete study of such strain.s i.s the 
only known way to evaluate them correctly, and this study i.s both cuniher- 
some and time consuming. 

AARS medium has the p.sychologic advantage of i)roviding a positive re- 
action rather than the negative test results which all too often have been the 
sole basis for the ela.ssification of cultures in the paracolon group. The AAS.R 
medium provides a rapid means of recognizing paracolon cultures and hn.stens 
diagno.stic u-ork by eliminating the long uncertain wait for .slow lactose fer- 
mentation to occur. 

SUM.MAKY 

1. A new multiple-carbohydrate medium was devised as a means of dif- 
ferentiating paracolon bacilli as a group from .RalmoneJla organism.s. Ihe 
medium contained 0.5 ])cr cent each of adonitol, aoseiiiin, saliein. and .sucro.se. 
Prom the initial letters of the four component carbohydrates the name AASR 
medium was invented. 

2. The AA.S.S medium was a rapid means of difi’erentiatiug paracolon from 
.Salmonella cultures on the basis of fermentation of one or more of four carbo- 
hydrates which are utilized by paracolon bacilli but not b.v Salmonella. 

3. Ability to produce indole ivas deni on.sti-a ted accurately in the AASS 
medium and urns an additional differential characteristic of great value. 

4. Eighty per cent of the paracolon strain.s Avcrc detected within twenty- 
four hours by the use of this medium. 
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the eedikation op HTOIAN KEACTION-PEODHOING 3UTEKUE 
PSOM nOBSE-DEEWED ANTISEBBMS : AN ELECTBIOAL METHOD 

Euqexe Cakdone 
New York, N. T. 

INTRODUCTION 

IIBIUNE soium therapy in man has been assodated 
1 tious>' = that have done much to discourage its use in the patient 

The causes for tliese reactions have not been completely elin^ated from 
sera bt pSeaticn and cnneentratien. These eftorts have ranged from h^ - 
ing to’ complex ehemical protein fractionations.'. ‘ The ann, ' 

been to eliminate all the immunologically inert protein from sera in the hope 
that the reaction-producing substances would go mth them. The 
antibody proteins are concentrated to increase the potency of the antibod. 
per unit of volume. A smaUer dose is then possible. ^ 

:.Iore recently the ’ possibility that bacterial contaminants may produce 
pyrogen for man®- " has spurred the preparation of immune sera under sterile 

condiUonj^ laboratory we have purified antibacterial sera by eliminating an 
acid fraction of protein. The antibody-bearing globulin has been collected 
for concentration hv water precipitation.^ This method has been improved 
upon from time to time,®- « but the products so obtained still cause untoward 

reactions upon intravenous injection in man. 

The electrical method to be described herein was used chiefly to reprocess 
pneumoeoccie antiserum preparations that had been shown to contain imme- 
diate reaction-producing material by clinical test. They had been purified 
and concentrated with the water precipitation method." After the electrical 
reprocess they were again tested cUnically to determine to what extent the 
reaction-producing material had been eliminated. 


AI•P.^R.1TUS 

The apparatus (Yig. 1) consists of six electrodes, each made up of a zinc 
jacket filled with tap water and with a platinum wire disposed in its center. 
The latter is insulated from the zinc jacket bj' a rubber plug at the top and 
a rubber washer at the bottom. 

Cellulose casings,^ with a diameter and length suitable to the size of the 
apparatus, are cut and one end is wet in water. 'While wet, this end is con- 
stricted manually by folding and is sealed by wrapping one or two rubber 
bands tightly around it. 

From the William Hallock Park L-aboratory, Bureau of Laboratories. Department of 
Health. New Vork City, 

Received for publication. Sept. 24. 1945. 
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For best ro.siill.s the casings Jiiusl be large eiioiigli to contain onc-seventli 
tlic volume o£ diluted serum to be processed, Wbcji they have been filled with 
this volume of tap water, flic zinc jacket electrodes are immersed in each one. 
The semiperiueable membrnucs arc .supported in place by round metal frames 
to which they arc secured. These are fastened by means of screws to a glas-s 
top which fits snugly over the vat containing the scrum. The zinc jacket elec- 
trodes are also suppoidcd by the glass top through holes cut in it, and each is 
suspended in the center of the cup formed by the cellulose casing membrane. 
These metal electrodes arc immersed in the water contained in the membranes 
to at least two-thirds of their length. Two electrically driven stirrers inserted 
through holes in the glass top complete the apparatus. 



riG. 1. 

PROCEDURE 

Tbo serum® to be processed is adjusted to pH 5.1 with normal acetic acid. 
It is diluted in the proportion of one volume to three and one-half volumes 
of distilled water freed of carbon dioxide gas by boiling. Solid sodium chloride 
is added to give a final concentration of one-half of one per cent. The mate- 
rial is poured into the vat of the apparatus. A 110-volt direct current is 
turned on and bj" means of series resistances is adjusted to 60 ma. with an 
electromotive force of approximately 90 volts. 

•Our concentrnteil nntlbacterial sera contain about 13 me- N/Gm. of serum. 
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The pH value is detennined at intervals. When it reaches pH 7.2 the 
electrical process is stopped, and the serum is removed from tlie vat. At this 
point all the globulin proteins are precipitated. The pH is adjusled to 5.1 
with normal acetic acid; the serum is placed in eellophane casings 6 inches in 
diameter and 24 inches long (1% liters per casing) and dialyzed for six days 
in a running water hath at 15° C. with moderate agitation. At the end of .si.x 
days the reaction of the dialysate is between pH 3.7 and 6.3. The reaction is 
brought to pH 5.1 with normal acetic acid. Saturated ammonium suKate 
solution is added slowly and with constant stirring to 30 per cent saturation. 
The pH is adjusted to 5.9 with normal sodium hydroxide, and the serum is 
left at room temperature overnight. The clear supernatant fluid is siphoned 
olf, and the precipitate is centrifuged. The supernatant fluid is added to the 
material siphoned off, and the precipitate is discarded. Saturated ammonium 
sulfate solution is again added to 50 per cent saturation. After one hour at 
room temperature the solution is filtered through hardened paper. The filtrate 
is discarded, and the precipitate is thoroughly dried by pressing between pads 
of absorbent paper. The precipitate is then dialj-zed until free of sulfate ion. 
If the mtrogen content of the dialysate is higher than desired, it is diluted 
to a suitable value with distilled water. Solid sodium chloride to a concen- 
tration of 1 per cent and suitable preservatives are added. The pH is adjusted 
to 7.4 with normal sodium hydroxide, and the solution is left in the cold 
overnight. 

The treated serum is clarified by centrifugation. It is then filtered through 
a Berkefeld stone to sterilize it, and its potency is determined; 


CtlNICAb RJStTLTS 


During the development of the chemical procedure following the elec- 
trical process, it became emdent that when the sera were not dialyzed or were 
dialyzed insufficiently after the electrical preparation they did not lose reac- 
tion material at all or they lost it in proportion to the degree of completion 
of dialysis. These data are presented in Table I. 

Type 1, Preparation 107, was clinically free from reactions before and 
after reconeentration. However, it had been found to contain toxic material 
for the rabbit which was lost after the electrical preparation and six and a 
half daj's of dialj'sis. Tj-pe 8, Preparation 23, had been deprived of the im- 
portant last day of dialysis.* Upon clinical trial thi.s preparation was still 
found to contain considerable reactive material. 

The remaining preparations recorded in Table I had been dialyzed for 
four days or less following the electrical treatment. They show little or no 
improvement in the nature of the reactions caused in man or in the rabbit. 

That dialysis of sera without electrical preparation does not eliminate 
reaction-prodncmg material from them was proved in onr laboratorv over a 
period of many years. Serum lots, prepared regularly,-' “ that had been shown 
to contain reactive material by clinical trial were reproees-sed by different chem- 
i^ocedures in an effort to develop one that would eliminate this material. 

hampered earlier days, becau-^e It lx not 
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•An antiserum that causc.s an nvcrnce tomiiernturo rl-io higher than 1* F. In 
rabbits'*. ” may cause reactions t£ Injected lniravcnou.sly in man. When tlio rabbit tcmpcjnt"™ 
rise Is 1* F. or less the antiserum Is considered tmllltely to cause reactions In man. 

fAn "acceptable" serum caused either no reactions upon Intravenous Injection in jnan 
the reactions were of such a mild nature that the .serum was considered sntl.sfactorj' for uis- 
trlbutlon. 
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After eacli effort tlie .serum was dialyzed for .six day.s. Upon clinical retest 
these sera .still caused immediate serum reactions in man. 

The serum preparations recorded in Table II were made from regularly 
prepared lots'’ “ that had been shown to contain reactive material for man upon 
clinical trial. Furthermore, all but one gave more than the acceptable tem- 
perature rise in the rabbit test for pyrogen. Each was processed electrically 
and then dialyzed for si.x day.s. Upon test it was found that all had been 
cleared of significant pyrogenic material for the rabbit, and those preparations 
that it was possible to test clinically had lost the power to cause immediate 
serum reactions .in man. 

In Tabic III is presented the comparison in power to eliminate human 
and rabbit reaction material from pneumonia horse sera by the electrical pro- 
cedure and six days of dialysis and three other methods of preparation also 
followed by six days of dialy.sis. The common original used for these prep- 
arations was an antiserum which had been prepared with the water precipita- 
tion method"’ ° and which had caused immediate scrum reactions in man when 
tc.sted clinically. The electrical method eliminated the reactive material more 
effectively. 

KESULT.S OP Tins MLTnOD W'lTn OTHER UIOKOGICALS 
Other biologic products have been reprocessed with this method to im- 
prove them.’® In Table IV arc shown the results of its adaptation to the 
reconcentration of antimeningococcus sera prepared by the w’ater precipitation 
method.’’ ® The potency per unit of protein nitrogen was increased, allowung 
smaller injections and thus rendering the preparations more suitable for 
human use. 

In other experiments antisearlatinal globulin reprocessed by this method 
was tested by Dr. Samuel Karelitz in patients at the Willard Parker Hospital. 
It was found that the incidence of delayed serum &ickne.ss in the sixtj^-four 
patients treated with this material was about 38 per cent. ^lore .significant, 
how’ever, w’as the unusually mild nature of these reactions as compared with 
those caused by regular material.®^ 
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msrussio.v 

Wiietlicr llic micti<)ii-i)ro<lucin'r niatorial is atlsorhcd on tiie surface or 
wliciiicr it is a more iiitefrral part of the Jarjre iiioleeiilar afTtn'ctraie ivliicli is 
llu' antibody entity, it is freed by the elect rieal proee.ss. 'Wliether it is of 
orjranie or of inoj^'ranic oritrin, it is in a form, or it i.s eliaufjed to a form. Hint 
is eliminated or inactivated by simple dialy.sis. 

SUMMAIiY 

An electrical jiroeess is deseribed wbieli. svlien followed by six days of 
dialyisis, has eliminated from purified and concentrated liorsc-dcrivcd aiiti- 
.scra substances Avlneli had caused immediate .serum reactions when injected 
intravenously in man. 

In most lots tested it was possible to remove rcaetion-])rodiieintr material 
by this method •without lowering the antibody potency per unit of protein 
nitrogen. Indeed, in the majority of lots the potency was increased. 

Tiic aullior i« inclobtcd to l)r. tVliecl.an 1>. .SiitlifT .•iml Mips Amintx’l tV, Wollcr of the 
Pnciimoni.i Control Division, for tlieir vooperrit inn in vnrrying out potency determina- 

tions and rabbit tests and in snpplyin" results of elinieal trial ns indications of the prc.'-cncc 
or aliseneo of reaction-prodnein'c material. 
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A STUDY OF ABNOKMAL T WAVES IN PATIENTS PRESENTING NO 
EVIDENCE OP ORGANIC HEART DISEASE 


Isidore Stein, 3I.D. 

Brooklyn, N. Y. 

E ver since Einthoven introduced the electrocardiogram, the interpretation 
and significance of the T -wave has been a matter of much discussion. We 
still do not know the exact part the T wave plays in the electrodjuiamies of 
the cardiac cycle. The prevalent opinion is that the T wave represents the 
recession of the electrical impulse in the ventricles. According to Jlines, as 

quoted by Wilson and Finch,* the form of the T wave depends on the order 

in which various regions of the ventricular muscle complete their electric ac- 
tivity. If the apex of the left ventricle returns to the resting state in advance 
of the base of the right ventricle. T is positive ; if the reverse occurs, the T wave 
is negative. 

The normal T wave is too well known to bear description at this time. 

Low voltage, biphasie, or inverted T waves in the first, second, or precordial 

leads are considered to be abnormal. In children or in pregnant women these 
aberrations in the T wave in the fourth lead are normal. The present paper 
does not include patients of this tj-pe. 

The present study was made among a group of soldiers at a large Army 
hospital. Most of the subjects were from 20 to 40 years of age; some were 
older, and a few young women were included. The patients varied in body 
build in all extremes. Some presented numerous complaints suggestive of the 
so-called functional cardiac disorders; others appeared for examination only 
as a routine procedure. They pre.sented two factors in common; (1) abnor- 
mality of the T waves in the electrocardiogram (there were no associated E-T 
or S-T segment changes) ; (2) none presented any other e^ddence of organic 
heart disease, as could be discovered bj* complete physical examination in 
which auscultation of the heart was performed in the upright, recumbent, and 
left lateral positions prior to and foU owing exercise .(hopping on each leg 
fifty times). Roentgen and fluoroscopic heart studies and sedimentation rate 
determinations n ere within the normal range except for the sedimentation 
rate in Patient 25 (Table I) whose case historj' will he taken up in greater 
detail later. 


The electrocar^ograms were obtained in the recumbent position and were 
taken at frequent intervals both before and after exercise (Fi^s 1 to 5) 

From November, 1943, to November, 1945, 5,520 electrocLdiograms were 
taken at this hospital on 4.810 patients. Of these, fiftv-one, or 1 0 per cent 
showed significant T-wave changes, twenty-three predominantlv in the chest 
lead (CTO (Table 11), and twenty-eight showed the deviations in the limb 
leads ( Table I) in lndl^^duals without any other ei.-idence of heart disease. 

Received for rubllcatlon, March 12. 1940. 
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ANAI.YS1S OP RESULTS 

Age and Sex . — The age of our patients varied between 19 and 47, the 
average being 29.9 years. All but four of the group were men. 

Body Consiitntion . — A record of the body constitution was not made in 
all instances. In forty patients where a notation was made, eight were of the 
stocky broad-chested type, six belonged to the tall slender group, while the 
largest majority (twenty-six) were of medium build. 

Diagnosis . — The greatest number of our patients was in the psj*choneurotic 
gi'oup. Twenty-nine, or 57 per cent, were included under this heading .(one 
individual suffered with schizophrenia). In addition, one patient had psycho- 
neurosis with a nontoxic adenoma of the thj-roid gland; another had psycho- 
neurosis and adequately treated latent asymptomatic syphilis with no physical 
signs pointing to this condition. Three patients had arthritis (not rheumatic 
fever) ; one had a postinfluenzal a.sthenia ; another had a transient intestinal 
obstruction (the cardiac study was made during his convalescence) ; and one- 
patient had a fracture of his leg. There were, in addition, single’ cases of 
peptic ulcer, bronchitis, tracheitis, convalescent meningitis, hernia, extra.sj-s- 
toles, and nasal polyps. Seven patients failed to show evidence of anv dis- 
ease whatever. 

• ^''^volvcd.—ln the patients showing the abnormalities of the T waves 

m the lunb leads, the involvement in the majority (twelve) wa.s in the see- 
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ond lead. In eleven, Leads II and III showed the T-M’ave changes, three oc- 
curred in Leads I and II, one in Lead I alone, and one individual had abnor- 
mal T waves in the three limb leads. 

There were twenty-three patients wliose T4 was abnormal. Of this group 
four also showed similar deviations in the T wave in the first lead. In one it 
occurred in combination with abnormal T2 and T3. In one patient the T waves 
in all four leads were involved. 
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Fig. 2. — Limb leads. 

Response io Ezercise.-All but one of the patients were subjected to a 
standard amoimt of exercise (hopping on each leg fifty times) immediately 
ollownig winch an electrocardiogram was taken, again in the recumbent posh 
lon^ In those vith «ie limb lead changes twenty-one revealed a reversal of 

the T wave to the upright position (Pigs. 1 and 2 ). Six of the patients showed 
no change following this procedure. ^ snowea 
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In those with the deviations tlie efleets even more striking; 

twenty-two of the twenty-three revealed a return to a nornnd T wave (Pigs 
3 to 5). In the entire "roup of fifty patients forty-three, or 86 per cent, 
showed a rcvci-snl of an abnormal to a noi-mal T wave following physical 
exercise. : 

Heart Hates . — ^Thc ventricular rales in the limb lead group ranged be- 
tween r»0 and 138 per minute. Sixteen patients were below 90 per minute 
wliilc twelve .showed higher tignrc.s. 

Among the grou]) the largest number (six) had a ventricular rate 
between 70 and 79, four between 80 and 89, and four between 90 and 99. Seven 
patients had a rate between HO and G9. Only' six were above 90, and of these 
only' two exceeded a rate of .100 beats j)er minute. 

In summary, thirty-three of our j)alients, or Go per cent of the group, had 
a' ventricular rate under 90 per minute. Tliis would fend to eliminate taehy- 
eardia as a factor in the production of the T-wnvc changes. 

niscussiox 

Current criteria for the normal electrocardiogram were publi.slied by' Lcuis 
and Gilder, = in 1912, and were based on a study of fifty'-thrce y'oung men. 
This field was left unexplored for many years, and no extensive investigation 
of the normal was undertaken until 192G when Ferghson and O’ConnelP re- 
ported a series of electrocardiograms in 1,812 mid.shipmen at Annapolis with- 
out any eAudence of heart disease .(with three e.xccptions). Tliere were eight 
instances where Ta was inverted, diphasic, or isoelectric. Some of these were 
normal when a second tracing w-as taken. The mobilization of our Armed 
Forces during the war period gave the medical profc.ssion the golden oppor- 
tunity of examining millions of young men, among wliich there were many 
thousands upoi5 wliom routine elccti'ocai'diographic studies were made, b' 
this manner it became evident that bizarre cardiographic patterns usually 
indicative of gi-ave myocardial disease Avere too frequently observed in young 
indh'iduals devoid of auy organic stigmas. 

HaU, Steward, and Manning* studied a' group of 2.000 “normal” aviators 
and found nine Avith electrocardiograms of an abnormal pattern. Included 
among these were negative T, or To or both and bundle branch block. Gray- 
biel and associates^ revicAved the findings in 1,000 young, healthy aA'iators and 
discovered two Avith inverted T Avaves in the second lead but }ione in the first 
or fourth leads. To in one Avas biphasic. 

Our results in fifty-one patients constitute an addition to the list of electro- 
cardiographic abnormalities in “normal” young people (tAventy'-eigbt iin'olv- 
ing limb leads, tAventy-tliree Avith chest lead changes). 

It is evident therefore that abnormalities of the T Avave in “normal” indi- 
viduals occur Avith fair incidence. Not so clear, hoAvever, is the mode of pro- 
duction of this aberration in the electroeai’diogram and the significance, if 
any, to be attached to this phenomenon. It may be argued that the unusual 
T wave is the first indication of heart disease in these people, and disabling 
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signs or symptoms are sure to appear in the future. This opinion cannot he 
refuted iii toto until these patients have been followed over a number of years ; 
however, such a grave prognosis seems verj' unlikely. 

Yet, if we are to base these changes on functional groimds, what are the 
factors involved? It is well known that the height of T waves is lowered or 
that the T waves can become inverted when the subject’s position is changed 
from the recumbent to the sitting or standing attitude.®-® Our patients were 
all recumbent when their tracings were taken. The location of the diaphragm 
is presumed to be a factor involved in these aberrations. High diaphragms can 
be expected in the sthenic tj-pe of patient and a lower position in those of the 
slender habitus. In our series this would not be applicable, as we encountered 
all tjTies of body build, the largest group (twenty-six) being made up of those 
.of medium habitus. 

Imbalance of the autonomic nervous system has been suggested as an ele- 
ment in the production, of unusual T waves. Wendkos® studied a group of 
soldiem and concluded that the T-wave changes could be attributed to pre- 
dominance of either vagal or sjunpathetie tone. Graybiel and White'® foimd 
inverted T waves in Leads II in seven instances of neuroeirculatory asthenia. 

By far the largest number of our series (60 per cent) fall in the “nerv'ous” 
group who demonstrated unequivocal signs of derangement of the autonomic 
nervous system. To attribute the faulty T waves in these individuals to sj-mpa- 
thetic or parasjnnpathetic imbalance seems rational. The attempt to affect 
this system artificially through the medium of standardized exercise brought 
a restitution of the normal T waves in 86 per cent of our patients. This find- 
ing lends support to the suggestion that we were dealing basically with a func- 
tional situation. 

We do not feel that emotional factors at the time the electrocardiographic 
examination was undertaken played any part in our findings. ICo outward 
apprehension was noted during this period and, as has been noted, tachycardia 
was not a dominant feature in our patients. Thirty-three of our group had 
ventricular rates of 90 per minute or less while eighteen were above that fig- 
ure. A “fear reaction”” was not obseiwed at any time and played no part in 
the picture presented here. 


When one considers that seven of our patients showed no eridenee of any 
disease process whatever and that thirteen others were suffering from ailments 
(nonrheumatic arthritis, transient intestinal obstruction, a fracture) unrelated 
to the heart, it is conceivable that w.e are merely dealing with a pbvsioloric 
variant and that our criteria of the “normal” must undergo reconsideration. 
It is plausible that the wide range of the normal electrocardiogram has not 
been adequately explored. This would seem reasonable when we remember 
that the standards originally established by Lewis and Gilder'- were based on 
the study of only fifty-three individuals. This statement is supported by the 
fact that in six of our patients (Patients 3.3, 37, IS. 23 90 97 Table I)'trac 
ings taken anyuhere from two hours to ten days later’ .show'ed a spontaneous 
reversal of the T wave to nonnal (Fig.-G). Similar findings were recorded 
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by ^’orf^iihon and 0 ’Connell/ Dnjjny’- ndvanccK siieli a tliouglit in a in't'seiif.'i- 
tion of five ca.ses with T-wave nhnornialilics in oilier leads than in the lliird- 
The value of exeroisc or .S 3 ’nipnfhcfic stimulation in the difTcrentin! diag- 
nosis of organic or functional heari disease remains a matter for further study. 
Without a control pronj) of palienl.s known to have orpanic heart disease, no 
conclnsinns are warranted. 



r. 3 r. 12, 1945 I'lr. 15 
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Fig-. 6. — Spontaneous reversals of T waves. 


'J'lie case liistoiT of one patient (Patient 25, Table J) is described ni jaoie 
detail because of several unusual features. This Jiian was 29 yeais of ago and 
entered the hospital because of frequent bouts of sharp pains in his cliest for 
the previous two years. These pains were noted while at complete rest and 
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at Other times during exercise; they lasted for about twenty minutes and were 
oceasionally accompanied by “bard breathing,” In the patient’s words, he 
was unable “to get in enough air.” Otherwise, he was in good health, except 
that he had always been of a “nervous disposition" and quick-tempered. 
Nothing in his past history was suggestive of heart disease nor of any rheu- 
matic manifestation, j 

There were no abnoi-mal signs elicited on physical examination. Fluoros- 
copy of the chest indicated no enlargement of any of the cardiac chambers. 
The Kahn test was positive, and he received an intensive course of penicillin 
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Fig. s (Patient 17).— P-P. interval, 0.2S second. . 

therapy J-J400.000 units in a seven-day period). The sedimentation rate was 
debated (o3 mm. in an hour) on admission and was 22 mm. two months later 
unng the last month of his hospitalization it was normal (10 mm. or less)' 

and T ^^-‘--^<3iograms was the inversion of i 

..weisVor The T 

ot alroluiic. An electrocardiogram taken dnrin- tV™°°* V °t 
treatment revealed an invei-iion of T, (Fi- 7 ) " penicillin 

1 trip. ling disappeared after a 








fow weeks. Tlie sifrnineanee of lliis Hiulinsr and tlie possilile relationship of 
the elect roeardio”:rapIii<‘, pattern, as well as tlie (■levated .sediiaentation rate to 
Ids .syjildiis and the penicillin einjiloyed in its treatment, are difliciilt to eval- 
uate. Jt is c.xtreinely (jnestioiiahle that (he penicillin played any part in the 
prcdiiction of (he inverted 'i'l 

It innst he renieinhered that dnrinff the entire period the patient was 
ambidatory, althou”:h the symptiauatidopiy was the same and the c.\aminatiou 
was not i>roductive of ahnormal findiiifr.s. The eonr.se in the ho.spitnl was 
otherwise uneventful, and on di.sehnrfre after three months the symptoms con- 
tinued nnabated. It was finally eonelnded that the .subject did not have 
orfranic heart di.sease but that his .symptoms were functional in orifrin. 

Rl'M.M.MIY ,\NI> eO.N'CI.rKIONS 

1. Five thonsand, five Iminired ami Iwmify elect wcardio'rraphio .slndies 
made on 4.S10 ])atient.s at a larpe Army refrional hospital revealed fift.v-one, 
or 1.0 jier cent, of this total with ahnormal 1' wavi's despite the nhsenec of 
other criteria of Jiearl disease. In tweiity-tliroe the bizarre T waves were con- 
fined to (lie chest leads and in twenty-eight appeared in the limb leads. 

2. Tlie subjects studied were of hotli sexes ranging in age from t'’ 
years, the average being 20.0 years. 

fi. (.'onstitutionai types varied widely lietwecn tlie sthenic and asthenic, 
the majority (twenly-si.x, or {Ja jicr cent) were of medium hnild. 

4. A majority of tlie sidijects in (he series (thirty-one, or (> ]ier cent) pi^ 
.sented definite p.syclioneurotie (emleneies. However, thirteen liad ailments 
unrelated to heart disease, and in seven no evidence of illness of any kind wns 
(leterinincd. 

.O. In forty-three nut of fifty patients (86 per cent of the total) .stnndaul 
exercise was succe.ssfu! in converting the hizan-e T waves to normal. 

G. The nuderlying theoretical considerations for the abnormal T waves 
were discussed. Tlie iJo.ssihility that at least in some instances these weic 
merely pliysiologic variants was ventured, ftlany were nndonhtedly based on 
antononiic nervous .system imbalance. 

7. One .should he aware of a “normal” inversion of the T wave in ordei 
to avoid a mistaken diagnosi.s of lieart di.seasc. 

I to express! my appreeiiifion for tl\e teeiinie.al as.sistnuee rendered by Idenfenant 

(Tliidy.a Ekliind, Army Nnr.so Corps, iind Corpor.nl Ted AVeiWo. 


REFEnENCES 

1. Wilson, F. N., and Fincli, R.: Tlic ElTcct of Drinking lecd-Water Upon tlic Form of 

tlio T Deflection of tlie Electrocardiogram, Ifeart 10: 275, 3937. 

2. Lewis, T., and Gilder, M. D.: TIio Human Ele '^ . ‘ ’iminary Investiga- 

tion of Young Male Adutts, to Form a ; Study', Phil, tv- 

London, s.B. 102: 351, 1913. 

3 Ferguson, D., and O'Connell, J, T,: Cardiovascular Observations, U. S. Nnv. >1. Bull. 

24: SCO, 3920. ■ 

4 Hall 0. E., Steward, C. B., and Itfanning, G. W.: The Eloctroc.ardiograpliic Hocorris. oi 

'2 000 B.C.A.F. Aircrew, Canad. M. A. J. 4G: 22G, 1942. 



ABNORM.VL T WAA-RS IN' ORGANIC HEART DISEASE 


849 


5. Graybiel, A., McFarland, E. A., Gates, D. C., and M'eb^ter, F. A.: Analysis of the 
Electrocardiograms Obtained From 1,000 Young Healthy Aviators, Am. Heart J. 
27: 524, 1944. 

G. Scherf, D., and AVeissberg, J.: The Alterations of the T AVaves Caused by a Cliange 
of Posture, Am. J. M. Sc. 201: G93, 1941. 

7. Sigler, L. H.: Electrocardiographic Change Occurring AA'ith Alterations of Posture From 
Eecumbent to Standing Positions, Am. Heart J. 15: 140, 19.'>S. 

S. AATiite, P. D., Chamberlain, F. L., and Graybiel, A.: Inversion of the T AVaves in Lead 
II Caused by a Variation in Position of the Heart, Brit. Heart J. 3: 233, 1941. 

9. AVendkos, M. H. : The Influence of Autonomic Imbalance 'on the Human Electrocardio- 
gram. I. Unstable T waves in the Precordial Leads Prom Emotionally Unstable 
Persons AA'ithont Organic Heart Disease, Am. Heart J. 28: 549, 1944. 

10. Graybiel, A., and AAliite, P. D.: 'Inversion of the T AFave in Lead I or II of the 

Electrocardiogram in Y'oung Individuals AA'ith Xeurocirculatory Asthenia, AA'ith 
Thyrotoxicosis, in Eolation to Certain Infections, and Folloiving Paroxy.«mal 
Ventricular Tachycardia, Am. Heart J. 10: 345, 1935. 

11. Maizner, F., and Krause, il.: The Influence of Fear on the Electrocardiogram, Brit. 

Heart J. 2: 221, 1940. 

12. Dupuy, Homer: Normal A’’ariations of the T AA'ave Seen Among Soldiers, Xe^v Orleans 

M. & S. J. 96: 239, 1943. 



(JHSICKVATIONS ON.TJIB TCFFEC’T Q]-’ TIIEOPHYLUNK 
AM IXOISOJJU'J'ANUh JX JCXFEl? LMEXTAL 
IIEAHT J-'AILUKK 


.)oiix ]{. .Smith, M.D.. Axn JiH.ifs .Jrxsicx, 

•St. I>oits, Mu. 

X AX'J'IIIX'E diTii^.s, parliiuii.-irfy fiicopiiyUiiK; ])i’('panT(ions, liare imd "ido 
eliiiic'iil list; hi fartli.'ic cliscn.so hccaiisfi of Ilicii- cliiinilie eftVet, Uicir kiic- 
iicial action in cardiac dy.spnca, and tli(*ir coronary dilator jirojicrf ic.s. 
xanlliine drujis al.so stimulate Ilte myocardium directly,'"^ altIiou!t:li this action 
usually has not been stressed as'of clinical imimrlance.^' '■ 

In a ])revious report .Steinberj!' and .Icnsen'’ described their study of the 
cFcet. of theophylline nminoisobulanol in patients with congestive heart faihiro. 
'i'hey found tliat administration of the dm*' in such patients usually lowennl the 
venous jiressurc and resulted in .shorteniuix of the. circulation time. The diininii- 
lion of venous jirc.ssiirc was sli'ikin^' wJum it was initially elevated, hut it was 
neverllicless often furtlicr diminished even wJien normal. Tlie ohservations.sii.it- 
tfosted that those henoficial actions result from: (J) direct myocardial stimuhi- 
lion hy the druit; (2) impi-oved myocardial fuiielioii re.sulling from iinTea.sc(l 
coronary flow; (3) action of the drug to ])rodueo peripheral va.sodilalatioii; oi 
(4) a combination of lhe.se actions. Tlic re.sul(s of Steinberg' and Jenson were 
so striking that it was decided to investigate ecrlain jiharmacologic actions of 
tlicophylline aniinoisobutanol in cxiicrinicntal heart failure, with the hope of 
clarifying the mechanism of the clinical cFccts noted by them. 


MKTIIOD 


lu these experiments, where heart failure was to lie produced and then 
sludied ivith respect to drug cfi’cct, it was desirable to record all features of 
myocardial performance as accurately as possil)lc. Tlic heart-lung pre] 5 aration 
w'as cliosen as the best means of observing lliose factoi’s. In Fig. 1 is illu.slrale(l 
tlie experimental .setup in principle. 

Hcart-lnng preparations were made in llie usual way and then rcmovecl 
from the body of the dog. Tensions vvilhin the right and left auricles ■'vei'C 
measured hy simple manometers connected to the supcTior vena cava and through 
a cannula inserted into one of the pulmonary veins, respectively. Cardiac out- 
put -was continuously measured bj- a siphon recorder. A rough estimate of 
cardiac she was obtained by means of a gi-adunted j)air of outside calipers 
stitched to the epieardium. Inflow of blood into the left circumflex coronary 
artexy was I'ecordcd by the differential pressure orifice meter dcxdsed by Gregg 


wi-nm the Department of Internal Mcdicmc and the Oscar Johnson Institute for Medics' 
RoseafcK WashiHeton University School of Medicine. 
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aud Green/ tlie light beam from wbicb was projected into an eleetroeardiograpbic 
pbotokymograph. Standardization of the instrument and quantitative inter- 
pretation of inflow curves have been described* and were carefully followed in 
these experiments. Arterial blood pressure was obtained using a Wiggers optical 
manometer? the light beam from this manometer also was projected into the 
kymograph and was recorded simultaneously with the coronary inflow cimm 
on a bromide film. 

When control observations had been made, heart failure was produced by 
the careful administration of 20 per cent chloral hydrate (1 c.e. everj' three 
minutes) to the perfusing blood. Approximately O.S Gm. of chloral hydrate 
was usually sufficient to produce definite heart failui’e without causing irre- 
trievable cardiac damage.* With heart failure thus established, theophylline - 



Ex?- 1. — ni.icraniniatic skoicli of lioart-Iii.ne preparation and the instrumetit>! anDlied to 
It foi the oxahmtion of tii> neanlial function Siniple manometers are connected into the fiiho 
fiom tlio venou= reservoir and into the left auricle. Tlie fiomneter records inflow into me left 
<-irrmiino.N; coronary arterj-. Calipers used to estimate cardiac size and siphon for constaot 
iciouiing of caidiac output are not shown. 


aminoisobutanol* (0.06 6m.) tvas injected into the perfusing blood. The effects 
of the drag were observed until cardiac function became “stabilized.” These 
experiments were pei-formed on fourteen heart-lung preparations with consistent 
findings throughout. 

As the study developed, it became desirable to ascertain chann-es of blood 
fiow through edematous lungs in the courae of heart failure and“to note the 
effect of theophylline aminoisohntanol on pulmonary edema and con“-estion. 
In these ohsen-ations the modified heart-lung preparation of Dusser de Barenne® 
was em ployed. In such a preparation blood is carried from the venous reservoir 
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(lirectl\' to the pulmonoi-y artery. The left ventricle jierfornis its iionnal comple- 
incut of work; the right vent ride per/orins no work lint serve.s a.s a receptivlc 
for almost the whole of the coronary venous blood (see Fig. 2). At any lime 
the arterial blood may be .shunted around liie artificial peripheral resistance and 
collected, togellier with coronary venous blood, in a i-ecording .siphon. These 
combined ilow.s, therefore, ivjiresent tola! pulmonary flow. Heart failure “nas 
produced by using 20 per cent chloral hydrate as in the foregoing experiments, 
c.xccjit that sunficicntly more chloral hydrate was given to bring the heart to a 
standstill. Jnten.se pulmonary edenin and congestion occurred. The rale of 
blood flow through the lungs was then detennined. Thcojihyllinc amiiioiso- 
butanol (0.0(rflm.) was added to the pcrfn.sale as the rate of hlood flow throiigli 
llic lungs was conliiniously ohserved. Xuch oh.sci-vations were carried out on 
four do Barciinc ]iroparatioiis. 


TO rtlll»H[K<L 



Fif;. 2. — Scliemntlc (lInRian) of the moditled hcart-hiiifr preparation of Dti.«.‘ier do patci'h 
(luiifis are not shown). Ulood from the vonoiis rc.seroolr 1.'? carried directly to tlie POh’y'j'y, 
artery, passes tlirouyli tlic luns'.s. and i.s pumped tlirouKli a poriplicra! resistance hy the 
vcntricic, Tlie riglit ventricle docs no work. A cannula In tlio superior vena cava collec^ • 
largo part of the coronary venous hlood. The stream to tlie perlplicral resistance n'W Jr ; 
damped at will, and blood from tlie left ventricle may be siiunted to tlie siplion-rccoroer am 
collected, together with coronary venous blood. The combined nows represent total pulmonarj 
now (cf. te.xt). 


RESULTS 

Proiluclion of Heart Failure in the IIeart~Lung Preparation. — ^5Vhcn chloral 
hydrate had been added to tlie blood in the heart-lung, failure of the myocardium 
was manifested in the following series of events (see Table I) : (1) Dilatation 
of the heart occurred, as shown an increase in the diameter of tlie ventricles. 
Simultaneously, a rise of pressure within tlie left auricle was observed over a 
period of from fifteen to thirty minutes to approximately 10 to 11 cm. of water. 
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Table I. Eepresentative Protocol of Experixiektal Heart Pailitre ix Heart-Lcxo 
. Preparation and the Effect or TiiEOpinxuNE AiriNOisosuTANOL 


EVENT 

CARDIAC 

OTJTPOT 

(C.C. 

PER 

XIIN.) 

BLOOD 
PEES- 
SUEE , 

EIGHT 
AtJEICLE 
(CM. OF 
H,0) 

LEFT 
ATJEICLE 
(CM. OF 
H,0) 

VEN- 
TRICU- 
LAR DI- 
AMETEE 
(CM.) 

RATE 1 

1 

COP.O- 

L'ARY 

rN’FLO'W 

CYCLE 

(C.C.) 

CORO- 

NARY 

INFLOW 

(C.C. 

PER 

MIN.) 

i 

1 REMARKS 

Control 

030 

95/60 

4.4 

4.9 

MESm 

166 

0.23 

38.1 


Chloral hy- 
drate (0.8 
Gm. 12 m) 










Heart fafl- 
ing 

480 

90/60 

6.6 

11.0 

6.7 

111 

0.35 

38.8 

Pnlmonary 
edema and 
congestion 

Theophyl- 
line (3 
min.) 

1 

600 

100/60 

5.5 

6.6 

3.5 

115 

0,32 

36.8 

Myocardial 
stimnlation; 
pulmonary 
edema snb- 
Fidas 


✓ 

Usually, right intra-aurieular tension was not materially altered unless terminal 
severe ni 3 ’'oeardjal failure supervened. Heart failure produced in this vray was 
manifested, therefore, predominantly as left ventricular failure. (2) With 
dilatation of the heart a fall in cardiac output (from 25 to 40 per cent) occurred. 
The blood pressure diminished. The heart rate decreased. (3) Coronarj' ar- 
terial inflow increased during the course of cardiac failure exemplified by in- 
crease in inflow during each cardiac ej'cle. The decrease in heart rate usuallj’ 
rendered the net inflow per minute essentially unchanged. (4) The lungs 
shoxved intense congestion and edema with emphysema, parenchymal hemor- 
rhage, and fluid in the tracheal cannula. Heart failure was not permitted to 
become more severe, as irremediable failure than occurred ivith loss of the c-x- 
periment. 

Effect of Theophylline Aminoisohutanol Upon Heart Failure. The course 

of events following the administration of theophj-Uine aminoisohutanol may be 
followed in Table I. Without exception the first measurable effect of the dru" 
(occurring within one minute) was the rapid clearing of pulmonary edema and 
congestion. The run-off from the lungs appeared to increase so quickly that 
momentarily, the left intra^auricular tension was driven up an additional 6 to 
10 cm. of water, and transient further dilatation of the heart occurred There 
after, an obmous marked stimulation of myocardial action was obserx-ed The 
heart beat vigorously. Within a few beats dilatation of the heart was com- 
pletely removed Cardiac output increased. Within three minutes the heart 
had resumed its nonnal” state, and the entire preparation appeared to W 
tion as effectivel.v as m the control period. Coronary' arterial Mow was not e' 
sentially changed during the period of reeoverj- from heart failure rffl 
during each cardiac cycle tended to decrease and net inflnn- r • i Inflow 

unaltered with the rise in heart rate. ^ essentially 

Effect of Theophylline Aminoisohutanol on Pulmonaru „ i n 
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Tablk H. Ki:coi!1) ok Two Kxi'KniMENT.s Usi.vei dk Bauksm; PisKi-AKATios" 



I.rxo COXflF.STKU— -1 1 1; AIIT 

ArTEi: TlIEOl’HYLI.I.Vn 

rULMOXAUV n.ow — CONTUOI, 

STOI»rKO 

XO IIEAI’.T I1E.\T 

(c.c. rrr. mix.) 

(n.c. rr.it mix.) 

(C.C, rai MIX.) 

321 

101 

230 

400 

300 

3C0 


•niood How tliroHKli till' Imurfl Ijcfore nnd ihirltifr jitilmoiiarj’ conKOsllon and edema jir^ 
duccd by inyocardliil failure. The effect of thcoidiyllinc nnilnol.'iobutanol on blood dor.' tnrougn 
tbe lutiEs wlicn conKcstcd nnd cdeniatoU!'. 


reduced during the severe pulmonary congestion and edema resulting from 
myocardial failure and standstill (sec Table II), With the addition of theo- 
phylline (0.06 Gm.), there Avas an immediate increase in blood flow through 
the huigs nlth prompt subsidence of congestion and edema. By this means pul- 
monary flow Avas restored to apjiroximatc control values. 

DISCUSION 

From the c.xperinicntal data at hand, the most striking — and probably the 
most important — effect of theophylline aminoisobutanol in heart failure is its 
action upon the myoeai-dium. In all of the experiments the drug quickly in- 
duced marked, obvious vigor of ventricular contraction and prompt removal of 
ear-diac dilatation. This phenomenon had been noted bj' other investigators'" 
upon normally beating experimental hearLs, and it rvas attributed by Hcathcotc’ 
to its action directly upon the heart muscle. The question rvas then raised as 
to whether improvement in mj-ocardial function resulted from coronary vaso- 
dilatation produced by tlic drug, with a- corresponding increase in myocardial 
blood supply. That the xantliine drugs provoke coronary dilatation has been 
amply shown.'®"'® Ilowovcr', in these experiments an irtcrease of coronary in- 
flow (in eacli cardiac cycle) occurred in the course of failing integrity of the 
myocardium, despite a falling cardiac output and blood pressure and a rising 
tension in the left auricle. Since net coronary arterial inflow appears to be de- 
pendent in great part upon cardiac output'® in noranally beating experimental 
* hearts, the increased inflow iroted liorc is possiblj- due to per-ipheral cor-onai'y 
dilatation. These findings are in agreement Avith the experience of other’s. 
Gregg and Green'’* obscrAmd marked inci-easc in coronary floAV (under con- 
stant perfusion pressure) folIoAving transient ischemia of the heart nntscle; 
more recently Green and Wegria'® demonstrated an increase in myocardial ir- 
rigation during anoxia of tire myocardium. It seems pi-obable, therefoi’e, that 
the effect of theophylline upon the coronary A-ascular bed in heart failure, Avhicb 
is alr-eady dilated, is largely annulled and that the drug exerts its beneficial 
action by direct stimulation of myocardial contractions. Visscher'® has pointed 
out that in myocardial decompensation rising px'cssures in tlie right auricle arid 
ventricle may impede the escape of blood from the coronary A'cnous system to 
curtail coronary Aoav generally. In our preparations there Avas no significant 
rise of right intra-auricnlar tension. Therefore, it cannot be stated from our 
data Avhether impedance of coronary Aoav may liave occurred had the circula- 
tion been intact, or AA'hat the effect of theophylline may be under sueli circum- 
stances. The latter consideratiorr is a recognized disadr^antage of tire lieart- 
lung preparation. 
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In the light of available experimental e\'idence the meclianism of the removal 
of pulmonary edema by theophylline is difficult to evaluate. Friedberg, Katz 
and Steinitz*" found in trained, unanesthetized dogs that the administration of 
aminophyllifie led to a mild, sustained elevation of mean pulmonarj’ arterial ten- 
sion. In their opinion the beneficial action of theophylline clinically could not 
be explained by the relief of congestion. However, they further suggested that 
theophylline might have an opposite effect when pulmonarj* congestion is present. 
On the other hand, Bock^® obsen'ed that the xanthines increased blood flow 
through isolated lungs. Our observations suggest that marked vasodilatation 
occurs when theophylline is administered in pulmonary congestion. Blood im- 
pounded in the lungs escapes, and fluid rapidly leaves the alveolar air spaces 
to re-enter the circulation. "Whether other factors, such as capillary permeability, 
are altered by the drug directly cannot be stated at present. In the heart-lung 
pi’eparation the additional factors of improved myocardial function and release 
of increased pulmonarj' venous tension are also undoubtedly important in the 
removal of pulmonarj' edema. 

Experimental evidence further indicates that theoplijdline preparations pro- 
duce peripheral %'asodilatation. Manj' years ago Phillips and Bradford'® and 
Beco and Plumier^® demonstrated increased blood flow through the renal vessels 
and other parts of the vascular bed bj* xanthine drugs. SoUman and Pilcher®' 
and Phillips and Bradford'® showed, bj' oncometric methods, that these drugs 
increased the size of the spleen in experimental animals. From the clinical 
standpoint, therefore, it seems probable that in addition to enhancing myocardial 
fimction and improving pulmonary blood flow theophj'Uine also dilates, to some 
extent, the peripheral vascular bed. These factors, taken together, may improve 
the failing heart and circulation. 


CONCLUaONS 


1. Heart failure was produced in the heart-lung preparation using chloral 
hj'drate as a myocardial intoxicant. The administration of theophj-lline amino- 
isobutanol provoked striking stimulation of myocardial contraction with prompt 
restoration of effective function of the heart muscle. 

2. Pulmonarj' edema and congestion, in the course of failure in the heai-t- 
lung preparation, appeared to be removed promptly by theophylline aminoiso- 
butanol. This phenomenon was further examined in the modified de Barenne 
heart-lung preparation. In was found that pulmonary blood flow was greatly 
curtailed in pulmonary congestion from heart failure. The addition of theo- 
phylline aminoisobutanol caused a rapid removal of puhnonaiy edema and con- 
gestion with restoration of free blood flow through the lungs. 

3. We find no evidence from these obseiwations that improvement in the 
failing experimental heart is dependent upon dilatation of the coronam- arterial 
sj'stem bj' theophj’Uine. 


_ 4 It IS supested that clinical benefit with theophj-lline aminoisobutano: 

m patients with heart fpure results from improved mj-oeardial function anc 
plmonap flow. Peripheral vasodilatation induced bv the dru-. mav alsc 
further benefit the disturbed circulation in such patients. ' o y sc 



85G 


SMITH AND JKNSnN 


ni:n:nnNCES 

1. Hcfitlicoto, R. St. A.: The Action of CfitTctne, Tlicobromino and Thcophj-llinc_on the 

AfnmniaHiui and Batniohinii Ifenrt, .T. Phannacol. & Expor. Thcrap. 16: 327, 19-1. 

2. Bodo, 11.: Tho Effect of "Heart-Tonics" and Oilier Drugs Upon the Heart-Tone and 

Coronary Circulation, J. Phy.siol. C4: 365, 1927-28. 

3. Bock, J.: Ueber die Wirkung des Goffoins und dcs Theobromins nuf dns Hen, Arch. i. 

exper. Path. u. Pharinnkol. -13: 367, 3900. 

4. Nntlianson, At. H., and Eitrgibbon, J. P.: PJmrmncology of Cho^-no-Stokes Bespna 

tion, Am. Heart .T. 17: 691, 3939. , 

Greene, J. A., Paul, IV. D,, and I’ollor, A. E.: The Action of Theophylline With 
Ethylcncdinmine, .T. A. Af. A. 109: 3732, 3937. 

5. White, P. D.: Heart Disease, New York, 1944, Tho Afacmillnn Companv. 

0. Steinberg, F., and Jeasen, .T.: Tho Idffoct of Theophylline Ajninoi.^obutanol on ‘he 
Circulation in Congestive Heart Ikiilure, J, Laii, A- Ci.ix. Alnp. 31: 857, 3940. _ 

7. Gregg, D. E., and Green, H. D.: Begistrntion nnd Hitcrprctation of Norinal TnaBic 
intiow Into a Left Coronary Artery bv an Improved Differential Alanomctric Aletnoa, 
Am. J. Pliysiol. 130: 114, 19-40. ' . ti * 

S. Fahr, G., and Buchler, At. o.: A Physiologic Definition of Acute Congestive Bean 
Aluscle Failure. Am. Heart J. 25: 231, 1913. _ , 

9. Duf-scr do Baronne, J. G.: Ueber cine Methode zur genauen Bestimmung dcs gcfatnte 
Ivoronnrkreislaufs, Plliigor’s Arch. f. d. ges. Phy.siol. 188: 281, 1921. 

10. Fisher, I., Guggonheimer. 11., nnd Afiillcr, E. A.: Ueber die Bceintlussung von Koronar- 

durchblutung und Horztonus durch Tlicophyllinpriiparatc und Strophanthin naca 
Untorsuehungen am Starlingschen Hcrz-Lungenpriipnrat, Deutsche mcd. Wchnsenr. 
54: 1584, 1928. 

11. Lindner, E., nnd Katz, L. K.: Ihirthcr Oboervntlons on the Action of Drugs on m 

Calibre of Coronary Vessels, J. Pharmacol. & E.xpcr. Thcrap. 72: 306, 3941. 

12. Boyer, N. H., nnd Green, H. D.: The EfTcct of Nitrites and Xnilfhincs on y®/ons''. 

Infloiv and Blood Prcs.suro in Anesthetized Dogs, Am. Heart J. 21: 199, 1941- 

13. ICatz, L. N., Wise, W., and Joehim, K.: Factors Controlling Conorary Cirhh'h' 

tion, Proc. Central Soc, Clin. Research 17: 22, 1944; also J. Lab. A CUN'. MED- >su- 
374. 1945. , , 

14. Gregg, D. E., and Green, H. D.: Effects of Viscosity, Ischemia, Cardiac OiBput cn 

Aortic Pressure on Coronary Blood Flow Measured Under a Constant Perfusion 
Pressure, Am. .T. Physiol. 130: 108, 1940. . , 

15. Green, H. D., and Wegria, R.; Effects of Aspliy.xia, Anoxia and Myocardial Isctienn. 

on tho Coronary Blood Flow, Am. J. Physiol. 135: 271, 1942. . — , 

16. Visscher, M. B.: The Restriction of the Coronary Flow ns a General Factor in Bear 

Failure, J. A. Af. A. 113: 987, 3939. 

17. Fricdbcrg, L., Katz. L. N., and .Steinitz, F. S.: Tho Effect of Drugs on the Pulmonary 

and Systemic Arterial Pressures in the Trained Unnncsthctizcd Dog, J. Pharniaco . 
& Exper. Therap. 77: 80, 1943. _ 

18. Bock, H. E.: Zur GefUsswirkuag des Strophanthins, Theozins und Coffeins. Vnier- 

suchungen an dor ubcrlobendon Extremitiit und an dor iiber lebondon Lunge, 
Arch. f. exper. Path. u. Pharmakol. 166: 634, 1932. . , 

19. Phillips, C. D. F., nnd Bradford, J. R.; On tho Action of Certain Drugs on the Circula- 

tion and Secretion of the Kidney, J. Physiol. 8: 117, 1SS7. 

20. Beco, L., and Plumier, L. : Action cardio-vnsculaire de quelques ddriviSs xanthiques, 

J. dc physiol, et do path. gfm. 8; 10, 1906. 

21. Sollman, T., and Pilcher, J. D.: Tlic Actions of Caffeine on the Manimnlian Circula- 

tion, J. Phannacol. & Exper, Thcrap. 3: 37, 1912. 



THE EFFECT OF THEOPHYLLINE AMINOISOBTJTANOL ON THE 
CIRCULATION IN CONGESTIVE HEART FAILURE 

Frakz U. Steinberg, M.D., and Julius Jensen, M.D. 

St. Louis, Mo. 

. INTRODUCTION 

I T IS generally accepted that theoph}'Uine has important but stiU incom- 
pletely knoivn effects on the cardiovascular system.^’ ^ This paper is con- 
cerned Tvith some of these effects in the presence of congestive heart failure. 
■We were first impressed with the decrease in venous pressure which we ob- 
served following the administration of theophylline aminoisobutanol, especially 
when the venous pressure was increased. This effect has been reported in the 
literature but has not been thoroughly investigated. Greene, Paul, and Feller® 
had noted it when studying the effect of theophylline upon the mechanism of 
dyspnea. Robertson and Faust^ recommended the use of theophylline for lower- 
ing the venous pressure in congestive heart failure, but they employed doses 
too small to obtain significant effects. We could find no evidence that the sub- 
ject had been further investigated. We also noted that the arm-to-tongue 
circulation time was shortened after administration of this drug, a finding not 
previously reported in the literature. A clinical study was therefore under- 
taken in order to investigate further these changes in venous pressure and 
circulation rate which follow the administration of theophyUine. 


METHOD 


Theophylline aminoisobutanol was given intravenously in doses of 0.24 and 
0,48 Gm. For comparison, theophylline with ethylenediamine (aminophyl- 
line) was used in a smaller number of cases. A few tests were made with the 
sublingual administration of 0.6 mg. of glyceryl trinitrate (nitroglycerin). 

The venous pressures were determined by a modification of the method of 
Moritz and Tabora.® The apparatus used is shown in Fig. 1. The precautions 
recommended by Lyons, Kennedy, and Burwell® were closely observed. The 
needle was left in the vein during the entire period of observation. Clotting was 
prevented by adding a 2.5 per cent solution 'of sodium citrate at the rate of 
from 6 to 8 drops per minute. Theophylline and the drugs used for the deter- 
mination of the circulation time were injected through a three-way stopcock. 
Therefore with one venepuncture it was possible to foUow the venous pressure 
for one or two hours, introduce the drugs to be tested, and determine the 
circulation time as often as desired. The spontaneous changes of the venous 
pressure were studied by this method for varj-ing periods of time, generally 
about t wenty minutes, before the introduction of any drug. After a drug had 
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been administered readings were taken cveiy few minutes until the effect had 
worn off or file lest had to be interrupted for otlier reasons, especially restless- 
ness of the patient. 

The arm-to-tonguc circulation time was determined before and one or 
more times after the drug had been administered. For mast tests dccholin 
was used. AYlien this was not available, from 2 to 3 c.c. of a 25 per cent 
solution of magnesium sulfate or 2 c.c. of a saturated solution of saccharin 
were used instead. Saccharin was found less suitable as it may cause a painful 
spasm of the vein into which it is injected. This gives ri.se to a disturbing 
temporary elevation of the venous pressure. 



Plasma volume determinations* were carried out according to the method 
of Gibson, and Evans^ as modified for the photoelectric colorimeter by Gibson 
and Evelyn.® Gibson and Evans found that after the injection of from 
to 20 mg. of Evans blue the dye was completely mixed with the blood in from 
ten to twenty minutes. However, in our cases of congestive heart failure the 


•We are greatly Indebted to Dr. R. Dubach, for her assistance In carrying out these 
determinations. 
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circulation was retarded and from forty-five to sixty minutes were aUowed 
to elapse. After this period tliree blood specimens were drawn at from seven- to 
ten-minute intervals. Tlien 0.48 6m. of theopli 3 ’lline aminoisobutanol was _ 
injected, and from five to ten minutes thereafter tliree more blood specimens 
were drawn. The dye concentrations were detennined by means of the photo- 
electric colorimeter, and the plasma volume was computed following directions 
by Gibson and Eveljm. Venous pressure determinations were made simul- 
taneouslj'. 

RESULTS 

Prelimmanj Observations . — In fourteen patients with congestive heart 
failure, heart rate, arterial blood pressure, venous pressure, arm-to-tongue 
circulation time, and vital capacity were determined before and fifteen minutes 
after the intravenous administration of 0.24 or 0.48 6m. of theoph\'lline amino- 
isobutanol In almost all eases the administration of the drug was followed 
by a decrease of venous pressure and shortening of the circulation time. Con- 
seqnentlj’’ it was decided to investigate further these two effects. Heart rate, 
arterial pressure, and vital capaeitj- remained essentiaUj’ unchanged. 


Venous Pressure 

\ 

Changes of Venous Pressure Apart From Drug Effect . — It soon became 
apparent that the venous pressure varied wideh’ apart from anj- drug effect. 
Frequently the highest reading was obtained immediatelj' after the needle had 
been iutroduced into the vein. "Within a few minutes the pressure fell to a 
lower level where it remained stationary. Pogany® states that the mechanical 
irritation of venepuncture^ may give rise to a spastic contraction of the vein 
with a transient elevation of venous pressure. This phenomenon was not 
observed in all patients, but it could usuallj’ be repeated in the same individual. 
Relaxation or sleep caused a spontaneous faU in venous pressure. Coughing, 
vomiting, or other acts associated with an elevation of the intrathoracic pressure 


Table I 


TATX IN VENOUS 

PRESSURE 
(MM* OF water) 

CONTROL GROUP 
(NO. OF CABES) 

THEOPHYLLINE 

aminoiso- 
butanol GROUP 
(NO. OF CASES') 

' 1 

AJIIXOPHYLUXE 

GROUP 

(SO. OP C.\SES) 

NITROGLYCERIN 
! GROUP 

[ (NO. OF cases) 

1 to 19 

35 

7 

4 

1 


20 to 39 
40 to 50 
60 to 79 
SO to 99 
100 to 119 
120 to 139 
Total number 
Range 
Mean 

Standard deviation 
Median 

Diflcrence of means: 

Standard error 

lowest^ readm|°Sbt?lned?“w^en*dniMw|?e'riven*irwL'''^® measured from the highest to ti 
the dru:: n-a., administered to the lorvesrrefdin"^ ob'SfneTnS 


■24 

3 

3 

0 

0 

2 

67 

1 to 12S 
23.6 
20.0 
li.o 


16 

9 

6 

1 

0 

0 

39 

S to 7i 
36.7 
16.5 
33.0 

3.47 


4 

5 
2 
2 
1 • 

0 

21 

11 to 118 
48.0 
27.8 
48.0 

3.67 


0 
4 
2 

1 
0 
0 

X3 

18 to 88 
47.8 
20.2 
39.0 

3.91 
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led to a steep rise of the ^■cnous pressure, followed by a rapid decline to the 
original level. The venous pro.ssure usually rose during the apneic phase of 
ChejTie-Stokes respiration as previouslj* reported by Jleyer and Jliddleton.” 
Sometimes the pressure varied without apparent cause. 

The following observations wore made in sixty-.scvcn control periods lasting 
from six to fifty-seven minutes, mostly about twenty minutes. The maximum 
variation from the highest to the lowo.st reading ranged from 2 to 128 mm. of 
water, with an average of 23.6 mm. of water (Table I). 



Theophylline Avwi-oisohutanol . — In the majority of cases the injection of 
theophylline arainoisobutanol caused an abrupt fall of the venous pressure. 
The drop usually began during the course of the injection which, for reasons 
of safety, was made slowly. Often the lowest point was reached with the end 
of the injection. In other eases the pressure continued to fall; it reached its 
low almost always within the first one-haK hour. Thereafter the pressure 
fluctuated for some time in the vicinity of the lowest reading or it began to 
rise again. (Fig. 2.) Often changes attributed to the drug were obscured 
by changes due to other factors which sometimes caused rises before they could 
otherwise be expected. 

To determine the extent of the decrease, the average of the last two read- 
ings before the drug was given was compared with the lowest reading obtained 
within thirty minutes. In thirty-nine eases in which 0,48 Gm. of theophyl- 
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line aminoisobutanol was given, the venous pressure decreased from 8 to ^7 mm. 
of water with an average decrease of 36.7 mm. This is considerably more than 
the average maximum spontaneous variations of 23.6 mm. of water. 

The distribution of the spontaneous decreases in venous pressure was 
compared with the distribution of decreases which followed the injection of 
theophylline aminoisobutanol and also with those which followed aminophylline 
and nitroglycerin (see belou’)- The statistical analysis of these data is re- 
corded in Table I. The difference between the means of the control group 
and the theophylline aminoisobutanol group is 3.47 times the standard error. 
This indicates that the differences are significant. This is notivithstanding the 
fact that the differences in the control series were the maximum ones obtain- 
able, while the drug effect was measured consistently as the difference between 
the reading preceding the drug and the lowest reading obtained.* 

The fall of the venous pressure was generally the more extensive the higher 
the pressure before injection. However, no quantitative correlation could be 
established between the height of the original venous pressure and the amount 
of decrease, expressed either in absolute figures or in percentages. This is not 
surprising since we were faced OTth a reaction which is subject to so many 
outside influences. 

Table II 


DROa 

REACnOX EXD- 
EfO WITHIX 
SIXTY MINUTES 

REACTION last- 
ing Morj: THAN 
SIXTT MINUTES 

TEST terminated 
BEFORE SIXTY 
inXUTES AND 
BEFORE END OF 
RE.^CTION' 

TOTAL 

Theophylline 

aminoisobutanol 

19 

4 

35 

38 

Aminophylline 

7 

7 

7 

21 

nitroglycerin 

7 

2 

4 

13 


The duration of the effect was often difficult to determine because it might 
be obscured by increases in venous pressure due to some of the factors previously 
mentioned. Sometimes restlessness necessitated premature termination of the 
test. ^ 

Arbitrarily the end of the reaction was thought to occur when three con- 
-secutive readings were within 10 per cent of the last reading before the drug 
was given. For comparison uith the effect of other drugs, it was thought prac- 
tical to divide 'the cases into those in which the effect ended within sixty mhmtes, 
those in which it persisted beyond sixty minutes, and those in which outside 
factors caused termination of the test within sixty rainntes, yet before the re- 
action ended (Table 11). 

AminophyUin^.— In twenty-one cases 0.48 Gm. of aminophylline was in- 
jected inlravenously. The reaction followed the same pattern as described for 
theophylline aminoisobutanol. The decline of the venous pressure from the pre- 
mj^on to the lowest reading ranged from 11 to 118 mm. of water with an aver- 

of our^ala^” Indebted to Dr. E. Gurney mark, for his assistance In the staUstical analysis 





862 


STinK»i;H({ AND .IKNSDN 


age ol 48.0 inm, (Table 1). Tlie duration of the nniinophylline effect on the 
venous prc.ssure is seen in Table II. Tlic ini})rcssion that it lasts longer with 
this drug than with theophylline aniinoisobutanol or nitroglycerin rests upon too 
few observations to be convincing. 

Nitroghjccrin . — In thirteen eases 0.6 mg. of nitroglycerin was given sub- 
lingually. Usually the prc.ssui'e began to fall steeply within one minute after 
tile administration of the drug. The decrease from the reading before nitro- 
glycerin to the lowest value ranged from 18 to 88 mm. of water and averaged 
47.8 mm. for the thirteen cases (Table I). 

Failure of licsponsc . — The eases in which the venous pre.ssurc failed to de- 
crease fell into two groups. The larger group comprised cases in which the 
venous pressure was not elevated prior to drug administration. In these there 
was little opportunity for a significant decrease. The second group contained 
cases in which the venous pressure was definitely above normal but responded 
poorly to the drug, that is, fell to less than 20 mm. of water. ^Ye encountered 
five such cases in the theophylline aminoLsobutanol group, two in the amino- 
phylline, and none in the nitroglyceidn group. The reason for the failure to 
react was uncertain, but most of the patients were markedly decompensated and 
failed to yeact to other therapcntic mcasuras as well. 

Repented Tests . — In many cases the test was repeated once or several times 
in the same patient on different days in order to test the individual constancy 
of pattern. Again, tlic great spontaneous variations made comparison difficult. 
The venous pressure changed so much from day to day that rarely were the 
starting points the same. 

Circulation Time 

The arm-to-tongue circulation time was measured on 168 occasions. Being 
a “subjective” test it is influenced by the patient’s ability to recognize the taste, 
but there was no doubt that theophylline aminoisobntanol often shortened the 
circulation time, more so the longer the original time. The second I'cading was 
taken approximately fifteen minutes after the beginning of the administration 
of the drug. The results are summarized in Table III. 


Table UI 


BRtTG 

KUMBiai or 

CASES 

BOSE 

average 

SHORTEXIXO OF 
CIRCCLATW.V 
TIME IK SECO>3 

Theophylline aniinoisobutanol 

9 


id.i 

Theophylline aminoisobntanol 



12.S 

Aminophylline 

9 


Ui.S 

Nitroglycerin {sublinRuaT) 

9 


S6 


There was relatively little difference between the effect of the various prepa- 
rations. Perhaps nitroglycerin in the customary doses is somewhat less effective 
in accelerating the circulation. Not enough tests were made to determine how 
long the effect lasted, but we had the impression that it passed off in from thirty 
to ninet.y minutes or about simultaneously with the drop in venous pressure. 
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Comparison Between Circulation Time and Venous Pressure.— For the pur- 
pose of the following analysis the upper normal limits of the circulation time 
and venous pressure were considered to be twenty seconds and 120 mm., respec- 
tively. In our observations it was more common for the circulation time to be 
prolonged while the venous pressure was normal than for the reverse to occur. 
In only one case was the venous pressure elevated (158 mm.) while the circula- 
tion time was low (ten seconds) ; this patient had a marked anemia, a condition 
which accelerates the circulation. These observations Avould suggest that the 
slowing of the circulation time is a more fundamental change in congestive heart 
failure than is increase in venous pressure. 

Following the drugs both venous pressure and circulation time were affected 
in most cases. Changes of less than five seconds in the circulation time or of less 
than 20 mm, for the venous pressure were not accepted as drug effects. In no 
case was the circulation time shortened without fall of the venous pressure ; in 
eleven cases the venous pressure fell while the circulation rate remained un- 
affected. This obseiwation again supports the impression that slo'wing of the 
circulation rate is more fundamental than increase of venous pressure in con- 
gestive heart failure. Four cases failed to respond in both respects. 

Plasma Volume 

Plasma volume determinations were carried out in six. cases before and 
after the in,iection of 0.48 6m. of theophylline aminoisobutanol. In no case 


Table rv. Determination' of Venous Pressure and PL.'.siiA VouuiiE Before and After 
Injection of Theophylline AinNoisoBUTANOL 
(Patient tV. G.; Age, 60 Years; Diagnosis, Arteriosclerotic He.irt Dlsease) 


TIME 

10:15 

10:21 

10:23 

10:27 

10:29 

10:30 

10:32 

10:37 

10:38 

10:39 

10:40 

10:42 

10:42 to 10:46 


10:46 

10:47 

10:48 

10:49 

10:51 

10:52 

10:54 

10:56 

10:57 

10:59 

11:00 

11:02 

11:01 

11:05 


VENOUS PPDSSURE 

(mm. op water) 
328 
288 
274 
280 

264 

268 

272 

270 

268 

270 

Theophylline aminoiso- 
butanol, 0.48 Gm. 
intravenonslv 
232 ' 

224 

220 

226 

222 

222 

226 

230 

242 

254 

258 


PLASMA VOLUME 

(c.c.) 

3,873 


3,750 


• 3,894 


3,894 


3,894 
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could a significaut change in dye concentration and plasma volume be observed, 
even tliongJi the venou.s pressure fell as usually. This indicates that there was 
no important shift of fluid from tlie blood into the tissues during the period of ' 
observation. A representative protocol of one of these tests is reproduced in 
Table IV. 

mscuasTON 

Prolongation of the circulation time and elevation of the venous pressure 
are fundamental factors in the pathogenesis of congestive heart failure. An 
improvement in the circulation will necessarily be associated with a relief of 
venous congestion and an acceleration of the circulation. Our observations estah- 
lish that thcopliylline produces the.se effects and that tliis drug, therefore, should 
have a definite place in the treatment of congc-slivc heart failure. The effect 
begins almost instantaneously hut soon wears off. Therefore, the drug will be 
most useful in emergencies. It can he used to precede digitalis action, which is 
slower in producing an effect but which is more sustained. 

On tlic basis of clinical experience the use of tbeoph^dline has been recom- 
mended in the acute phases of congestive heart failure. However, the literatvirc 
contains onlj' a few references to its effect on tlic v'cnous pressure. The reports 
by Greene, Paul, and Pcller'’ and Robertson and Faust* have been mentioned 
previously. "Wilkins, Haynes, and Weiss,” have rciiorted the fall of venous pres- 
sure which follows the administration of nitrites. 

Our observations give no explanation of the mcchani.sm by which theo- 
phylline produces the observed reduction of venous pressure and circulation 
time. Several possibilities have to be considered; (1) peripheral vasodilation, 
(2) sti’engthening of the myocardium, (3) indirect improvement of myocardial 
effioieney due to an inevease of the coronarj' cirenlation, and (4) a combination 
of several or all of the.se factors. 

The fact that the xanthines dilate tlie small veins has been well established 
experimentally.”'” Tliis effect would cause a sidetracking of part of the 
circulating blood, thus temporarily relieving the load on the failing heart. Such 
an effect could well account for a decrea.se of venous pre.ssnre and an acceleration 
of the circulation. 

In'the older literature there are found rejiort.s lliat flic xanthines increase 
the capillarj’" permeabilitj" for water, thereby causing a transudation of 
from the blood into the tissues. Tliis process would tend to reduce the plasma 
volume whicli.is usuall.v increased in conge.stive heart failure^^ and bring on the 
phenomena which we have observed. However, the reports concerning the in- 
crease of eapillarv jienneabjlity due to xanthines are based on ineonelusive ex- 
perimental evidence.” Our plasma volume studies indicate definitely that no 
appreciable amount of fluid leaves the blood stream concomitant witli the fall of 
venous pressure. We were not concerned with the diuretic action which occurs 
later and may account for such changes as observed by Zak,^’ in which the time 
factor was not considered. 



THEOPHYLLINE AJIINOISOBUTANOL IN CONGESn\-E HE.VBT FAILURE 


The question whether or not theophylline stimulates myocardial function 
and improves the coronary circulation could not he answered by our clinical 
studies. 

SUMMARY 

Theophylline aminoisobutanol by intravenous administration causes a fall 
in venous pressure and a shortening of the circulation time. These effects are the 
more pronounced the more these functions are elevated above normal. 

■ The venous pressure begins to fall while the injection is still in progress. 
The effect persists for about sixty to ninety minutes. The circulation time 
apparently remains shortened for about the same period of time. 

The faU in venous pressure is not accompanied by any changes in the plasma 
volume. 

AminophyUine and nitroglycerin produce the same effects. 

The venous pressui'e shows mde fluctuations apart from any drag effect. 
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STIMULATION OF THE CENTEAL NERVOUS SVSTEJI BY CURARE 

(INTOCOSTRIN) 


RoSKI.LKN E. COMMIKKO 
St, Louis, AIo. 

T he increasing nsc of curare (Intocostrin)* as an ad,innct to anesthesia 
and for oliicr clincal purposes indicates tlie need for additional information 
regarding its action in the l)ody. The work of West’ seems to be tlie only recent 
extensive idinrmacologic study of curare preparations, The investigation re- 
ported herein is a contribution to the toxicology of the particular curare alkaloid 
now readily available. 

Intocostrin is reported by the manufacturers to owe its curare action 
(interference with the jiassagc of ini})ulscs from motor nerves to skeletal muscles 
at the neuromuscular junction) almost entirely to its content of d-tuhocurarine, 
an alkaloid found in Amazonian curare. Tliis alkaloid has been ciystallized 
and its chemical structure established fairly completely.- It is less potent than 
curarine, the characteristic alkaloid of curare from British Guiana. 


MF.TUOD.S 


Intocostrin (from 0.5 to 10,0 units per kilogrnm) t wns ntiniinistcrcJ to ruts, mice, 
guinea pig.s, r.nbbit.s, and cat.s subcutaneously, intrainuscularly, intraperitoncally, or intra- 
venously. For ail injection routes, the drug was diluted if neec.^sary to keep tlie volume at 
least 0.4 c.c. Tlie marginal car veins of unanesflictizcd rabbits and the c.vposed femoral 
veins of rats were u.sed for intravenous injections. TIio rats wore lightly anesthetized wth 
ether for tiie exposure of the veins and were allowed to recover to the point of moving 
spontaneously before the intocostrin was injected. Practically all the injections were made 
rapidly (within two to five seconds) ; a foxy sloxv (from one to four minutes) intravenous 
injections into rabbits indicated that the rate of injection did not make a significant difference 
in the effects. Crystalline d-tubocurarino (0.17 .standard intocostrin units per milligram) 
was dissolved in Ringer’s solution and administered in suitable dilution by rapid sub- 
cutaneous or intramuscular injection to mice and to a fexv rats nnd guinea pigs (from 
0.5 to 1.0 mg. per kilogram). 

Most of the experiments xx-itb intocostrin xx-erc done on rats (xveigliing from 150 to 200 
grjims). No difference in the susceptibility of the so.xes xx-as noted, but it xvas found 
that the amount of intocostrin required to kill the rats decreased as their stay in the 
laboratory was prolonged. The deciding factor in this effect xx-as presumably either age 
or nutritition, but this was not determined. A iiomogeneous group of rats was used ns 
far as possible for tlio sodium araytnl series and its control (Table III). 

Sodium amytal (from 75 to 100 mg. kilogram, intrapcritoneally) was found to pro- 
duce complete anesthesia in our rats xx-itliout intocostrin. As the combination of this do.'C 
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•B. R. Squibb & Sons. New Brunsxvick. N. J.. kindly supplied the Intocostrin and crystal- 
line d-tubocurarine chloride used in thl.s Investigation. 

tintocostrin is adju.sted by the manufacturers to contain 20 units per cubic centimeter. 
-1 unit being measured by the rabbit head drop crossover method. In this metliod small 
inrrpments of the drug are injected intravenously at fifteen-second interx-als until the rabbit 
Q unable to raise its head under reflex stimulus. An early description of the method is 
in Rpnnett’- r- rf"” We found that 1 unit per kilogram injected in two to 
tpn seconds into the ear vein of each of txx-o rabbits produced head drop that appeared In a 
few seconds and lasted a fexv minutes. 
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with intocostrin was usually fatal, sodium amytal was use at the minimum level (between 
50 and 75 mg. per kilogram) that pen^itted the introduction of a hj-podennic needle without 
causing the animal to withdraw its leg. Intocostrin (2 units per kilogram) was then injected 
subcutaneously or intramuscularly. In a few animals in the series, the sodium amytal was 
not injected until severe convulsions had developed following intocostrin injection. 

O.vj-gen, a mixture of 5 per cent CO, and 95 per cent 0„ or cyclopropane, when used, 
was delivered at a rate of 1,000 c.c. per minute by an anesthesia gas machine into a 2 liter 
jar in which a rat was placed. Cyclopropane was started in the proportion of 3 parts to 
7 parts of oxygen and then was reduced to the concentration required to maintain light 
anesthesia. Artificial respiration was administered manually or by breathing into a tube 
placed over the animal’s nose. 

Neostigmine methyl sulfate (fiom 0.5 to 0.75 c.c. 1/4000) was injected intramuscularly 
into two rats. 


RESULTS 


Effects of Intocostrin and d-Tubocurarine Chlonde . — Preliminary injection 
of intocostrin into frogs confinned the results of tvorkers tvith other curare 
preparations by producing muscular relaxation tvhen the injection tvas made into 
the lymph sac and stimulation and tonic eontmlsions tvhen the injection was 
made into the cerebrospinal canal through the foramen magnum. 

The mammals injected with either intocostrin or d-tubocurarine chloride 
manifested; (1) weakness, flaecidity, decrease of normal activity, paralysis 
(regarded as signs of curarization) and (2) with the same or a larger dose, tics, 
tremors, commlsions (signs of nervous stimulation). All species showed both 
stimulation and curarization hut to varying degrees; muscular relaxation was 
more prominent in rabbits and cats, nervous stimulation in rats and mice. The 
course of the poisoning foUo^ving subcutaneous or intramuscular injection in rats 
null be described, and then the variations observed with different species or 
modes of injection ^viil be pointed out. The results of all of these experiments 
are summarized in Table I. 

Small subcutaneous or intramuscular doses in rats . (from 0.5 to 0.75 imits 
per kilogram) produced weakness, trembling, and marked decrease of spon- 
taneous movements but hjTierreactivity to external stimuli. Rats given 1 unit 
per kilogram exhibited gnashing of teeth, facial tics, twitching of back muscles, 
and spasms of respiratory muscles. The animals recovered from these subcon- 
vulsive doses in varjnng short lengths of time and showed no apparent after- 
effects. 

Generalized convulsions of clonic-epileptiform type were produced in all 
rats given 1.25 or more units per kilogram. The con\Tilsions were preceded bv 
incoordination in walking, generalized trembling and weakness, decreased spon- 
taneous activity, and the other effects observed with smaller doses. A char- 
acteristic commlsion began at the mouth, travelled up to the ears and eyes, and 
thence, like a shudder, down the back; the tail was drawn slightly dorsallv. 
The accompanying or succeeding violent clonic movement of the whole body 
resulted in some animals in leaps of five or six inches upward and from one 
to twelve inches forward. The coninilsions seemed to arise spontaneouslv or in 
response to almost any external stimulus', no matter how slight. An individual 
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convulsive seizure Avas occasionally introducctl by a tonic pliasc. Each seizure 
lasted from a few seconds to a mimitc. The generalized comnilsions were suc- 
ceeded bj' a stage of localized muscle spasms and ticsi The ability to move in 
response to cxtcnial stimuli was not last at any time in nonfatal cases, nor in 
10 per cent of the fatal cases until the very end. In most of the fatal eases, it 
was retained through the first violent convulsions but disappeared in the as- 
phj'xial stage. 

The timc-coui’se of the poisoning with convulsive subcutaneous or intra- 
muscular doses in rats was as follows; No matter how large the dose, convul- 
sions seldom started within thirty seconds after the injection. The average 
time to the first convulsion was about three minutes, whether the animal was 
left free to run about or was confined to a small area. Trembling began about 
one minute befoi-e the first convulsion. Individual convulsions were no more 
\aolent in tlie fatal than in the nonfatal eases, but they were more numerous; 
the stage of generalized convulsive seizures lasted on the average six minutes. 
IVith a nonfatal dose convulsions were followed by rccoverj’ in’ forty-five minutes 
to two hours. "With a fatal dose respiration ceased on the average fifteen and 
onc-half minutes after the injection, and the hcai’t beat was not palpable two 
minutes later unless artificial respiration was instituted. 

Itespiration appeared to be nomal in rale, depth, and cliaracter until the 
onset of convulsions or even during mild convulsions. With the appearance of 
■\dolent and frequent convulsions (that is, tlircc seizures per minute), apneusis 
occurred during the convulsions. Cyanosis was not visible around the mouth 
or in the paws until this stage was reached, hut then it soon became marked, 
in spite of normal or deep-labored breathing betw'ecn convulsions. T.v'pical 
asphyxia! gasps eventually developed, and in fatal cases death was due to 
asphyxia. 

The subcutaneous or intramuscular dose required to kill 95 per cent of the 
rats was 2 units per kilogram. It appeared to be the same whether the drug 
was given all in one injection or in fractional injections following each other 
within a few minutes. Although rapidly repeated doses -n'ere markedly eiiniula- 
- tive, rats given a con\mlsive, subfatal dose on three successive days seemed 
entirely normal as to gait, appetite, motor activity, nervous system reactivity, 
and escape patterns. 

The effects of a given dosage of intocostrin were apparently the same after 
intraperitoneal injection -(seven rats) as after subcutaneous or intramuscular 
injection. With intravenous injection (twenty-six rats), however, the dosage 
required for any given effect was smaller (Table I), and the effects appeared 
more promptlj'. Apneustic breatliing began almost immediately after intra- 
venous injection, and there was time for only a few tics and a few clonic move- 
ments before death occurred (sometimes within one minute) in fatal cases. 
Opisthotonus wms regularly observed wnth intravenous injection, in addition to 
the signs of central nervous stimulation seen with subcutaneous and intra- 
muscular injection. That the ether anesthesia preceding intravenous injection 
affected the results observed is not unlikely. 
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The effects of intocostrin in guinea pigs and mice were substantial!}" the 
same as in rats, except that (1) larger doses were needed to produce the 
effects (Table I) and (2) the time to the appearance of the signs of poisoning 
was longer. Subcutaneous injection into mice resulted in poor absorption and 
few symptoms, and somewhat larger intramuscular doses were required in 
mice than in guinea pigs. Intramuscular injection of intocostrin into two 
cats resulted in greater muscular relaxation and less marked stimulation than 
in rats, mice, and guinea pigs. The cats sur\-ived until six to eight units per 

Table I. A. SuscEpnEttiTY or Diffep.ext Species to Intocostkik ; B. SnscEPTiBiLnT or 
Mice to Cbestaluxe ii-TuBocmLAMNE Chloride Coxtainikg 1 StaxdafJ) 
Ixtocostrik TJkit per 0.162 Mo. 




DOSAGE 

EXITS 

PEP. kilogram 





0.5 

0.75 

1.0 

1.25 

1.50 

2.0 

3.0 

4.0 

5.0 


A. Intocostrin 

Eats 

Subcutaneous or 
intramusculaT 

CO/2 

FO/2 

CO/2 

FO/2 

co/6 

FO/6 

C2/2 

FO/2 

C 5/5 
Fl/5 

C 40/40 
F 38/40 


1 

I 


Intraperitoneal 





C2/2 

FO/2 

Co/o 

F 5/5 


1 



Intravenous 

Cl/o 

Fl/5 


C2/8 

Fl/8 

C4/4 

F4/4 

C4/4 

F4/4 

C5/5 

F5/5 





Guinea pigs 
Subcutaneous or 
intramuscular 






C2/2 

FO/2 

C3/3 
F3/3 ' 

i 

1 


Cats 

Intramuscular 






CO/2 

FO/2 


CO/1 

FO/1 


C2/2 

F2/2 

Rabbits 

Intramuscular 






CO/2 

FO/2 


CO/1 

FO/1 


C2/2 

F2/2 

Intravenous 



CO/3 

FO/2 

C7/7 

F4/7 

C3/3 

F2/3 

C3/3 

F3/3 





Mice 

Intramuscular 



CO/2 

FO/2 



CO/2 

FO/2 

C3/4 

F2/4 

C3/3 

Fl/3 

C3/3 

F3/3 


B. d-Tubocurarine 
Mice 

Intramuscular 







C2/5 

FI/5 


C3/3 

F3/3 

C3/3 

F3/3 


Under each dosage is entered the ratio (£7) of the number of animali 
vulsions to the number of animals ^ven that dosage and the ratio (F) of thi n^mbl^of InT 
mals killed to the number given that dosage. v ^ ua Lne numoer oi am- 


kilogram were administered. Kahbits were somewhat more resistant than cats 
to intramuscular intocostrin, from eight to ten imits per kilo<rram beinn- the 
fatal dose. Rabbits manifested few, if any, signs of stimulation'Vith this route 
of administration until marked asphyxia developed.' 

In^avenous administration, liowever, produced in rabbits qualitatively the 
same effects as subcutaneous or intramuscular administration in rats, provided 
a sufficient dose was given. With 1 unit per kilogram intravenously, marked 
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museulai' relaxation, as seen in Ihc licad droj) method for t!ie standardization 
of intocostrin, was accompanied I)y no signs of stimulation, and such relaxation 
was invariably the earliest effect of larger (stimulant) doses. With 1.25 units 
per kilogram the relaxation was noted in eight to thirty .seconds in the seven 
rabbits given this dose and was followed in another ten to one hundred seconds 
by cyanosis with respiratory disturbance, muscular twitehings, increased excita- 
bility, and clonic convulsions, especially severe when provoked by stinmlatipn, 
Convulsive movements were noted in .some of the.se animals before cyanosis, as 
in rats ; more often a slight degree of cyanosi.s was evident before or at the same 
time as sign.s of stimulation. The cyanosis became prominent with tlic onset 
of violent convulsions. As shown in Table I, the fatal intravenous dose for 
rabbits was about tlic same ns the fata! suiieulaneous or intramu.scular dose for 
rats, but the rabbits died somewiiat more quickly (usually within ten minutes). 

Crystalline d-tubociirarine was injected intramuscularly into eleven mice, 
and the results are embodied in Table 1(B). Expressed in units, the comulsant 
and fatal activities of this form of the alkaloid do not differ significantly from 
those of intocostrin in mice. The crystalline form produced qualitatively the 
same effects, including tlic stimulant ones, at about the same times as intocostrin 
inself in mice and in a few rats and guinea pigs into which it was injected 
subcutaneously or intramuscularly. 

Aniagomsts io Intocostrin . — Various efforts to antagonize the effects of 
intocostrin and the results of these efforts arc presented in Tables II and HI- 

Artifical respiration instituted after the failure of normal respiration pro- 
longed the lives of fatalh' poisoned rats and rabbits and, if continued long 
enough to permit detoxification of the drug by the bodj’’, would presumably 
have saved them (Table II). Spontaneous respiration was restored at intciwals 
in these animals, and convulsive movements or frank convulsions occurred dur- 
ing these intervals. All six of the animals given artificial respiration died, as 
did ten rats to which oxygen or 95 per cent Oc-S per cent COs was administered 
both before and after tlic intramuscular injection of intocostrin (2 units per 
kilogram). Although administration of the gas was begun some time before 
the respiration was affected, the course of the poisoning rvas not modified m 
the slightest by this treatment (Table II). 

Into two rats given the fatal dose of intocostrin by inti’amuscular injection 
(2 units per kilogram), neostigmine was injected a few minutes after the onset 
of violent convulsions, as soon as the respiration became abnormal (Table H)- 
Normal respiration was restored promptly, and the animals were able to get up 
vuthin ninety seconds and to struggle forward. Trembling, mild convulsions 
ivith movement, and violent conmilsions following external stimulation continueo 
for an hour after the neostigmine was injected, decreasing in intensity with tunc. 
The animals survived. 

The indications that central nervous stimulation participated in the toxic 
effects of intocostrin suggested the use of a central nervous depressant to 
antagonize these effects. Sodium amytal was tried and found to save the lives 
of 60 per cent of the rats subsequentlj’- given the subcutaneous or intramuscular 
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Table II. Results of Vapjous Forms or TnEATitExT of Ixtocosieix Poisoning 


TP.E.ATMEXT 


Artificial respiratioa after Rats 
failure of normal 
respiration 

Rabbits 



DOSAGE 


AN'IMALS 

intocostrin 
(UNITS per 
kilogpam) 

P.ESULTS 


KEJIARKS 


Spontaneous respiration re- 
stored for brief intervals 
by treatment; convulsions 
occurred during these inter- 
vals; death followed omis- 
sion of treatment from 
twentj' to thirty minutes 
after artificial respiration 
was first administered 


Before and after 
intocostrin adiliinis- 
tered 

Cj’clopropane (0-30% in 0,) 

Rats 

2 

C 10/10 
F 10/10 

" 1 

f Rats 

1,5 

CO/I 

Before and after J 

intocostrin adminis- 1 

1 


Fl/1 

tered 

^Rats 

2 

CO/3 

F3/S 

Immediately after 
intocostrin adminis- 
tered 

Rats 

2 

CO/3 

F3/3 

From 5 to 20 minutes 
after intocostrin 
following onset of 
violent convulsions 
Neostigmine metliyl sulfate 
(Viooo) 

Rats 

2 

CO/2 

F2/2 

Injected intramuscularly 

Bats 

2 

C2/2 


in small portions (total 
1 mg. per kUogram) 
following onset of vio- 
lent convulsions and 
impaired respiration 


in untreated rats 


Concentration of cyclopropane 
30% initiaRy, decreased 
after anesthesia produced; 
convulsions appeared when-' 
ever anesthesia was suf- 
ficiently light; level of anes- 
thesia varied as required to 
prevent convulsions on the 
one hand or marked depre.s- 
sion of respiration on the 
other; spontaneous respira- 
tion was maintained until 
death in fifteen to eighty 
minutes 


Convulsions or other signs of 
stimulation persisted for an 
hour after neostigmine, de- 
creasing in intensity with 
time 


See Table III for results with sodium amj-tal. S>-mbols as in Table I. Intocostrin was 
administered subcutaneously or intramuscularly to rats, intravenously to rabbits. 

Table III. Protectio.v of Rats Given Intocostrin (2 Fnits Pep. Kilogram Subcutane- 
ously OP. Intramuscularly) by Injection op Sodium Amytal (from 50 to 75 mg 
Per Kilogram Intrapeeitoneally) 



total 

NUMBER PEF. C ENT SHOWING CONVLX-SIONS 


Intocostrin alone 

Intocostrin preceded 
by sodium amytal 

Intocostrin followed 
bv sodium amvtal 


OF RATS 


10 


100 

after 

sodium 

amvtal 


SEVERE 

100 


100 

before 

sodium 

amytal 


PEE 

CENT 

killed 

95 


AVEP.AGE TIME TO 
cessation OF 
PAiSITEATION IN- 
FATAL CASES 


STAN-D.APJ) 
, MINUTES ERROR 








872 


COHNBERG 


dose of intocoslrin (2 units per kilogram) fatal to 95 per cent given no 
depressant (Table III, column C). Statistical analysis shows the difference 
between the per cent mortality in the control scries and that in the amytal- 
treated scries to be highly significant'. All of the survivors lived and were normal 
for the fortnight of observation following tlic ex])crimcnt. 

The rats given sodium amytal cither before or after intoeostrin all mani- 
fested complete muscular rela.vation early in the poi.soning, in contiust to animals 
given no depressant in which complete muscular relaxation appeared terminally 
only', if at all. Death, when it occurred in the amytalized rats, followed a pro- 
longed period of flaccid paralysis and nonre.sponsivcne.ss. In rats given the 
depressant after convulsions had developed, the convulsions became lo.ss violent 
and finally ceased, but the animals nevertheless died. Possibly they lived some- 
what longer than if they had not received .sodium amytal. The ability of the 
depressant to prolong life is more certainly shown in the scries of animals in- 
jected with sodium amytal before inloeo.strin ; tlio rats in this series, which were 
not saved by the sodium amytal, lived on tlic average twice as long after the 
intoeostrin was administered as the unprotected rats did (Table III, column 7). 

Because intoeostrin is known to be useful clinically in anesthesia with 
cyclopropane, an attempt rvas made to protect rats against a fatal dose of 
intoeostrin by means of this ancstlictic (Table II). It was found possible to 
keep the rats alive for over an hour and free from convulsions during this 
time, whether cyclopropane was started hefoj'c or after intdeostrin was ad- 
ministered. However, all of tlie animals eventually died under the anesthetic 
or following convulsions which devclojicd when the nnestlietic was I'cmoved. 
Experience wdth the metliod and consequent itnprovcmcnts in technique might 
show cyclopropane to bo an efirectivc antidote to intoeostrin. 

DISCUSSION 

Interference with the passage of inqiulses from nerves to jiiuscles, typical 
curare action, is taken to be the pharniacodyuamic action of d-tubocurarine (and 
therefore of intoeostrin wdiich coiitains tubocurarine) that produces wcalaiess, 
muscular relaxation, and paralysis in mammals. Involvement of tlie respiratory 
muscles in this effect certainly accounts in part for the fatal asphyxia, as shovm 
by the lifesaving ability of neostigmine in our rats and in the rabbits given 
d-tubocurarine in fatal doses intravenously (1.5 standard intoeostrin units per 
kilogram) by Koppanyi and Vivino.-' These observations with neostigmine are 
in agreement with much earlier work on anticholinesterases as antidotes to 
curare. The curarization is obviously far from complete in all the mammals 
used in our experiments. In spite of the current vierv that the respiratory 
muscles are the last to be affected by curare, curarization of the respiratory 
muscles does not seem to be less complete than that of the other skeletal muscles. 
The two following reports from the literature on eurarine in rats are pertinent 
in this connection. Blume® was unable to achieve neuromuscular paralysis 
(tested by electrical stimulation of sciatic nerves) even with near-fatal doses.' 
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^Yest'' P- found that with electrical stimulation of the nerves conduction from 
the phrenic nerve to respiratory muscles might outlast conduction from the 
sciatic nerve to leg muscles or might disappear before the latter. 

Stimulation of the central nervous system, a second, much less familiar 
action of curare, is probably also a factor in the action of d-tubocurarine or 
intocostrin in mammals. Phenomena" attributed to centra'l stimulation (mus- 
cular spasms, convulsions) have been observ'cd consistently following direct 
application of curare preparations to the central nervous system (frogs, dogs).®' ' 
That the underlying mechanism is actually stimulation of nenmus tissue has 
been established by Eccles’ recent report* on the effect of curarine on the spinal 
cord and roots isolated from the frog. Under the influence of curarine in a 
concentration twice as great as neeessaiy to block neuromuscular transmission, 
both the synaptic potential of the cord and the discharge of impulses set up by a 
single dorsal root volley were found to be prolonged. With much higher con- 
centrations continuous electrical aetivit}' occurred spontaneously. The actions 
of curarine on the eleetricai behavior of the cord therefore resemble those of 
strychnine and are the reverse of curarine effects at sjunpathetic ganglia and 
at junctions between motor nem-es and skeletal muscles. Our preliminaiy 
experiments with intocostrin injected into the cerebrospinal canal of frogs 
demonstrate that intocostrin like other curare preparations stimulates the central 
nervous sj-stem when applied directly to it. 

Signs of stimulation have also frequently been observed when curare was 
administered by methods other than direct application to the central nervous 
sj'stem. Blume produced eonmdsions and other signs of stimulation in rats, 
mice, guinea pigs, and, in a milder degree, even in cats by the subcutaneous 
or intravenous administration of curarine or calabash-curare.® West obsen'cd 
stimulation of several mammalian species with various curare preparations 
and came to the conclusion that central nervous excitation is an action of 
certain forms of curare, although apparently not of curarine or d-tuboeurarine.^ 
That tubocurarine nevertheless actually possesses stimulant actirity is strongly 
indicated by the recent work of Ulclntj-re, Dunn, and Tullar.® They report 
increased electrical actirity of the brains of dogs given this alkaloid intra- 
venously. The increase, although “transient,” appears to be considerable and 
may affect eitlier voltage or frequency. The succeeding period of depressed 
activity in these animals recalls the observations of Pick and Unna'® on the 
brains of pithed frogs given d-tubocurarine into the bmph sac. They observed 
inbitition and suppression of brain electrical activitv with this and other 
curarizing siibstanees; however, inasmuch as strychnine and picrotoxin failed to 
have any stimulant effect in similar frog experiments, these observations do 
not contradict the view that intocostrin stimulates the central nemmus s>'stem 
of mammals directlj'. 


stinralation obsened following 
ho o(ln„m,t™t,on of curare preparations by other routes than direct appUca- 
t.ou to the eeutral nerrous system are fa taet due not to drug action T this 
system b„, „ the produchon of asphyaia by the eurarisation of respirator 
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neuromuscular junctions. TJiis inlcrprclallon, although found in tiic litera- 
ture,”- is difficult to defend in view of (J) the .stimulant activity of directly 
applied curare, (2) the limited degree to which classical curarization occurs in 
mammals, and (3) the lu-csencc of .stimulation in .some cases in the absence 
of overt asphyxia. 

Tliat direct central nervous stimulation j)lay.s a significant role in the 
action of intocostrin administered in large enough dosage hy any route to 
mammals is indicated hy (1) the ahility of sodiuhi amytal to prolong or save 
the lives of rats given a fatal dose of this form of curare, (2) persistence of .signs 
of central nervous stimulation in rats after antagonism of the peripheral neuro- 
muscular effects of neostigmine, and (.3) lower fatal dosage for .sjiecies re.spond- 
ing to the drug with marked stimulation (rat.s, guinea pigs) than for specie.s 
responding with marked relaxation (ent.s, rabbits). .Some of the species differ- 
ence is associated with difference in rale of absorption of the drug from the 
tissues, but ^he difforenec in the size of the fatal intravenous dose for rats, 
and rabbits, for imslnnee, is probably a.s.sociated with the gi-eater case of produc- 
ing convulsions in the former. 

Since the protective effect of neostigmine affords evidence that neuro- 
muscular depression also plays a significant role in flic toxic action of 'hito- 
costrin, it is assumed that both central stimulation and neuromuscular depression 
contribute to the intocostrin a.sphyxia fatal to mammals. The asphyxiating 
power of deprc.ssion of re.siiiratory neuromuscular junctions is obvious. Central 
stimulation by producing convulsions would greatly increase the oxygen used 
by' the body (perbai)s three- or fourfold if the convulsions were equivalent to 
severe exercise) at a time when the respiratory apparatus wa.s so incapacitated 
by the perijffieral effect of the intoeosti-in as to be hardly able to meet the basal 
oxygen requirements. Sloroover, convulsive waves of activity in the brain 
doubtless interfere with flic orderly transmission of respii-alory impulses and 
therefoi'c lead to inadequate respiratory movements or respiratory arrest. Any 
agent that prevented convulsions would therefore decrease the degree of as- 
phyxia, and anyone of many central dcpi-essants might be expected to protect 
animals against a fatal dose of intocosfi-in. 

Koppanyi and Vivino^ observed tliat ephedrine and tyramine, although 
themselves useless as antidotes to d-tuboeurarine, when combined with physostig- 
mine or neostigmine, protected rabbits against 1.33 to 2 fatal doses of the eurai'c 
alkaloid. Physostigmine or neostigmine alone bad no protective value against 
more than one fatal dose (1.5 units per kilogram).'* The mechanism hy which 
the long-lasting sympathomimetic agents produce their effect is unloiown. 

The classification of curare convulsions as stiychninelike by various 
workers seems to us incorrect for mammals ; McGuigan ’s' statement that the con- 
vulsions resemble those produced by picrotoxin more than those produced by 
strychnine agrees ■with our experience. In McGuigan 's expei-iments as in ours 
and in all others described in any detail in the curare literature, the character 
of the convulsions indicates that, in contrast to stiyclinine, the curare alkaloids 
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produce convulsions in niammals by stimulation at a central ncr\ous sjstem 
level higher than the spinal cord. 

Our experimental results reinforce the frequent but not supeidlous -vvam- 
ing against the use of intoeostrin in. patients without having immediately 
available effective means, (artificial re.spiration, neostigmine) for combating 
respiratory disturbances. In addition, our results sugge.st that some means of 
producmg central depre.ssion should also always be available Avhen intoeostrin 
is to be used clinically. Although it is clear from the size of the dose recom- 
mended for clinical use (from 1.1 to 3.3 units per kilogram, intravenously or 
intramuscularly) that man must be relatively insensitive to the stimulant effects 
of d-tuboeurarine (see also West,^- ®2) signs of stimulation (muscle twitchings, 
reflex activation) have been reported n-ith intoeostrin- in imane.sthetized pa- 
tients’^ and incompletelj* anesthetized patients.” That these signs are not en- 
tirely asphyxial is shown by clinical success in controlling them with increased 
anesthesia. Certain it is that such signs do not indicate the need for more 
intoeostrin. Griffith believes that in large doses intoeostrin has some central 
action in man, but he does not specify the nature of the action.’® 

In addition to overcoming any central stimulation produced by intoeostrin, 
the use of a central depressant has the advantage of increasing the degree of 
muscular relaxation resulting from a given intoeostrin dose. In animals, mus- 
cular relaxation with intoeostrin is incomplete unless a central nervous depres- 
sant is used; evidently central depression makes an important though obscure 
contribution to “curarization” of skeletal muscle by intoeo.strin. In unane-sthe- 
tized patients, likendse, complete muscular relaxation is not ordinarily observed as 
the result of the peripheral action of intoeostrin, although it has been reported 
with large intravenous doses causing unconsciousness.’® Cullen, who was unable 
to obtain sufficient abdominal muscle relaxation to permit satisfactorj- examina- 
tion of a patient -without premedication even uith the intravenous injection of 
an amount of intoeostrin that resulted in respiratorj- paralysis,’® regards 
properly conducted inhalation anesthe.sia as essential for the successful and safe 
production of complete muscular relarxation with intoeostrin.’® MaUinson’® 
considers anesthesia as deep as the second plane of the surgical stage requisite 
for maximum abdominal relaxation when intoeostrin is used. 


For rtvo reasons, therefore, to antagonize any central stimulation and to 
contribute towards muscular relaxation, means for depressing the central nerv- 
ous system would appear to be potentially valuable whenever Intoeostrin is to be 
used. Our experiments do not indicate which would be the most useful depress- 
ants for this purpose. They do however suggest that sodium anrvtal should be 
used with great caution, if at all, in view of the toxicitv to rats of the combina- 
tion of sodium am>-tal with intoeostrin. The cause of the toxicity was not 
investigated: it may be related to one or several of the known side’ actions of 
ain^al in ^^ejiody For surgical operations, intoeostrin is frequently combined 
with one of the inhalation anesthetics or with sodium pentothal. Passiblv one 
of these should be the depres-saiit available for u.se if needed with intoeostrin in 
other cases, nowever. two of these depre.s.sants have been .sliown to possess 



876 


COHNBERG 


curariform activity (ether in considerable dcgi-ee, sodium pentotlial slightly)^' 
and so arc not unobjectionable. The knoum central stimulant action of morphine 
makes it unsuitable likewise. 

SUMMARY 

1. Intocostrin or crystalline d-tubocurarinc chloride, injected in sufficient 
dosage subcutaneously, intramuscularly, intraperitoncally, or intravenously into 
rats, mice, guinea pigs, rabbits, and cats, produces hjirercxeitability and clonic 
con^^^lsions in addition to partial curarization. 

2. Signs of central nervous stimulation arc more conspicuous in some species 
than others and arc shown by rats without signs of asphyxia. Species (rats, 
guinea pigs, mice) manifesting much stimulation are killed by smaller doses oi 
the drug than species (rabbits, cats) manifesting more cuiuirization. 

3. With fatal doses, death in all these animals is due to asphjTcia, attributed 
in part to curarization of respiratorj' neuromuscular junctions peripherally 
and in part to stimulation centrally. The asphyxia may he relieved by neo- 
stigmine, (peripheral action) or by sodium amytal (central action). Sodium 
araytal protects 60 per cent of rat.s from the effects of a dose of intocostrin (2 
units per- kilogram ) fatal to 95 per cent of untreated rats. The other 40 per 
cent of rats given sodium amytal prior to intocostrin live t%vicc as long after the 
intocostrin injection as tho.se not given sodium amytal. 

4. Central neiwous depressants (sodium amytal, cycloj)ropane), decrease, 
abolish, or pr^event intocostrin convulsions. Reduction of asphyxia by oxj'gen 
administration or artificial respiration is less, if at all, effective in controlling 
convulsions. 

5. The conclusion from these observations that central nen'ous stimulation 
is one of the pharmacodynamic actions of intocostrin is in agreement with the 
conclusions of other workers using other curare preparations. 

6. The flaccidity and decrease of spontaneous movements manifested hy 
mammals given intocostrin or d-tubocurarine alone do not develop into com- 
plete neiu’omuscular paralysis until just before death. In animals given a cen- 
tral neiwous depressant in addition to intocostrin muscular relaxation becomes 
complete at an early stage of intocostrin action. 

7. Certain central nenmus sy.stem depressants may be useful adjuncts to 
intocostrin to combat central stimulation as well as to increase muscular relaxa- 
tion. 

The author would lihe to e.vpre.qs her sinfere appreciation to Pr. Helen Graham, for her 
aid and advice in this re.search. 
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HEMOGLOBIN LEVELS JN SPECIFIC PACE, AGE, AND SEX GROUPS 
OP A NOR]\rAL NORTH CAROLINA POPULATION* 

D. P. !Milam and Hugo Muonoh 
Nnw' York, N. Y. 

A STUDY of tlie distribution of iienioglobin levels in a population may 
furnish i 2 nportant information rofrardinp its nutritional status. At the 
same time, the expected frequency of oecurrcnce of diflcrcnt hemoglobin values 
in a presumably normal population .should .be delimited in order to indicate 
those which may have a pathologic basis. 

During the yeare 1040-1345 large population groups in North Carolina were 
studied to determine their nutritional .status. In the course of these surve 3 's a 
careful estimate of hemoglobin level was made for each of 3,020 pereons, 2,168 
of whom were white and 861 (28.4 per cent) colored. This racial distribution 
represonts faii-ly* closely that of the area studied and tliat of the state as a whole. 
The survej's ■were conducted in Chatham, Alamance, Orange, and Wajme 
counties. With the exception of Waj'nc, all of these counties lie in or near the 
fall line just west of the coastal plain. The results of the studies have appeared 
in several publications.^'^ The samples selected for the study comprise families 
chosen to represent as nearly as possible the population of the county in ques- 
tion. 

Wajme County, in the midcoastal plain, was the only one in which hook- 
w'orm infection or malaria might affect the “nonnality” of the hemoglobin 
values. Extensive hoolavorm studies recent l.v made there* showed a light in- 
festation of some 20 per cent of the population. Of the blood films taken through- 
out the year of stud.v in this county' and examined by the malaria section of the 
North Carolina State Board of Health, only one showed malaria parasites. No 
other disease was recognized u-hich might have unduly influenced the hemoglobin 
levels. It may be assumed, therefore, that the population studied provides a 
fair picture of hemoglobin values for a normal population from this area. 


METHOD 


Evelyn’s method' of determining hemoglobin by the photoelectric color- 
imeter was employed. Blood samples of approximately 30 c.c. were oxalated 
when drawn in small bottles with rubber stoppers, and hemoglobin tests were 
made some two to four hours later. At this time the blood components were 
remixed by inverting the bottle a minimum of fifteen times, and the pipette was 
filled from the middle of the bottle. Red cell counts and hematocrit and hemo- 
globin determinations were then made. One-tenth cubic centimeter of wdiole 
blood was added to a flask containing 50 c.c. of distilled water, the pipette being 
thoroughly I’insed therein. Ten cubic centimeter aliquots, each mth one drop of 
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concentrated ammonia added and mixed, were examined within ten minutes 
in the Eivelyn coloTimeter -with 540 filter and 10 mm. aperture and dim light. 
The galvanometer readings were converted into L values from Evelyn’s tables. 
The L values were multiplied by 100/2.58 to obtain estimates of grams of 
liemoglobin per 100 c.c. 


ST.\TIST1G.U. TREATJIENT 

The examined population was subdivided by color and sex into two age 
groups, differentiating persons under 12 from those who were 12 and over. 
There are, therefore, eight subgroups exhibiting certain differences for con- 
sideration. In Figs. 1 and 2 are shown graphically the distribution of hemo- 
globin values for each subgroup. To facilitate comparison the frequencies per- 
taining to each distribution have been coni-erted to percentages of the total 
munher of persons in the subgroup. ''These are plotted on the vertical scale of 
the histogram. On the base scale the amounts of hemoglobin in grams per 100 
c.c. of blood are entered for the mean of the group and for various multiples of 
the standard delation. 

In Table I are listed the values of the means and standard deviations for 
each subgroup, together with their standard errors. Also included in Table I 
are the limiting hemoglobin values for each distribution, between which half of 

'SisiE I. Dis-mavTiou Cov;stnsvs or Hemoglobu; 1,'evei.s to?. 'White and Codop.ed Podu- 
tATiOKs Bv Age and Sex, axd With Ijjiits Between- Which One-Half and 
Nineteen-Twentieths op the Observations Mat Be 
Expected to Ball 



white I 

i COLORED 

1 

BER 

j GRAMS Or HEMO- 1 
( GLOBIN 

1 PER 100 C.C. ] 

bee 

grams of hemo- 
globin 

PER 100 c.c. 

Meaa 

Tinder 12 Boys 

Girls 

12 and over Men 

Women 

Women ^fitted curve) 

357 

362 

611 

838 

796 

12.67 + 0.046 
12.54 ± 0.046 
14.25 ± 0.049 
12.87 ± 0.043 
13.0S 

193 

188 

212 

268 

2S6 

11.89 i 0.078 
12.13 + 0.062 
' 13.76 ± 0.086 
12.16 ± 0.087 
12.64 

Standard deviation 

Tinder 12 Boys 

Girls 

12 and over Men 

Women 

Women (fitted curve) 


0.867 ± 0.032 
0.874 ± 0.032 
1-209 ± 0.035 
1.254 ± 0.031 
0.911 


1.082 + 0.055 
0.845 + 0.044 
1.249 ± 0.061 
1.430 ± 0.062 
0.815 

Limits of one-half distribution 

Under 12 Boys 

Girls 

12 and over Men 

Women 

Women (fitted curve) 


12.09 - 13.25 

12.01 - 13.11* 
13.43 - 15.07 

12.02 - 13.72 
12.48 - 13.70 


11.16 - 12.62 
11.56 - 12.70 
32.92 - 14.60 
31.20 - 13.12 
32.09 - 13.19 

Limits of nineteen-twentieths of distrihu- 
tion 

Under 12 Boys 

Girls 

12 and over Men 

W omen 

Women (fitted curvel 

19.97 - 14.57 
10.95 - 14.17* 
11.88 - 16.62 
10.41 - 15.33 
11-30 - 14.SS 


9.77 - 14.01 
10.47 - 13.79 
11.31 - 16.21 
9.36 - 14.96 
33.04 - 14.24 

rirai Individual (lumoglobin. 6.5 

Gm.) 

omittea. 














■Porcontasro frequency distributions of hemoKlobln dotormlnntlona of colored persona. 
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the observed values may be expected to fall, as well as the limits between wliidi 
nineteen-twentieths of the expected values will lie. Individual obsomtions 
falling outside the latter limits would be rare and therefore under .suspicion of 
being abnomal. 

The histograms for six of the distributions shown in Pigs. 1 and 2 are fitted 
with noi*mal frequency curves having the means and standard deviations of the 
obscin’cd distributions. It is apjiarent that these curves arc good expressions of 
the observed occurrence of hemoglobin values and may be used to e.xprcss the 
probabilitj" of obtaining other obsciwations in such groups between any given 
values. It is obvious, however, that when such cui-ves arc applied to the data 
for the two groups of women, altliough they describe the distribution of the 
gi'eat majority of the observations, they fail to take into account a number mth 
very low values. Among wliite adult females 42 of the 838 indiriduals (5 per 
cent) fall below and outside the normal curve fitted to the bulk of tbe observa- 
tions, and among colored women 32 of 268 (12 per cent) fall below the lower 
limit set by the fitted cuiwe. 

None of the usual frequency distributions of the Pcai-sonian series gave an 
adequate picture of the obseiwations pertaining to the two groups of women. 
Finally, nonual frequency curves wei'e fitted to approximately three-quarters of 
the observations at the upper end of the distribution by the method of ineoTn- 
plete moments” and the curves then extended through the lower ends of their 
ranges. As indicated in Pigs. 1 and 2, there is an excess of observations for 
each of the two groups over the expected number at tbe lower end of theTiemo- 
globin scale. 

In Table I two sets of means and standard deviations are given for eoch 
gi'onp of women. Those derived from all the observations arc entered first an<l 
those from the fitted cun'c, second. The means and standard delations plotted 
in Pigs. 1 and 2 are the ones pertaining to all observations. 

DISCUSSION OF RESULTS 

It appears that, in general, the hemoglobin values encountered in the sub- 
groups of this survej’’ed population can be expressed in terms of a so-called 
normal frequency distribution. This is stiuctly time for men and for children of 
both sexes wdth the exception of one gii'l with 6.5 Gm. of hemoglobin per lOd 
c.c., W'hich was completely outside the range of expected values. From 90 
95 per cent of women hav’e values which are well described by the normal curve, 
TOth the remaining observations falling below the expected range. The fact 
that this divergence is confined, %vith one exception, to •women suggests that the 
apparent deficiency is linked wdtli the reproductive processes, possibly with the 
menstrual cycle. At any rate, low hemoglobin values may be encountered oc- 
casionally in women without arousing the suspicion of an acute disease process. 
In a survey of hemoglobin levels in Great Britain in 1943^ the values of 1 
cent of men were found to fall below SO (Haldane-Gowers heraoglobinometer 
reading) , while those of 6 per cent of single women and 10 per cent of married 
women fell belo''.v this level, wdiich tends to confirm the observations reported in 
this paper. 
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In. Table I it is indicated that the average hemoglobin values for -white per- 
sons in all groups are higher than the corresponding ones for colored persons, and 
the difference in each instance is statistically significant. Sex differences in 
average level are negligible for children, but men have considerablj' more hemo- 
globin than do women, even if the very lo-w values pei-taining to the latter are 
omitted. Men have a higher average level than do boys, but the average for 
women is only slightly higher than that for girls. 

The dispersion of the observations, as measured by the standard de-via- 
tion, is greater among adults, both males and females, than it is among children. 
The scatter of the values under the fitted cuiwes for women, however, is similar 
to that for girls. If the fitted curve may be considered, an expression of the 
distribution of hemoglobin values not affected by the factor or factors tending 
to pull do-wn the level, there is little difference between the distributions of girls 
and women or between those of boys and women. Men, however, present defi- 
nitely higher levels which are accompanied by a wider scatter of the indi-vidual 
observations. 

Again it may be concluded from Table I that only rarely wiU a normal 
white child be encountered in such a population with less than 11 Gm. of hemo- 
globin per 100 c.c. of blood, a white man with less than 12 6m. or a white woman 
with less than 10.4 Gm. Corresponding values for a colored population would 
be from 0.5 to 1 Gm. less. 


Table n. Mean Dailt Intake of Iron in the Diet (Four North Carolina Counties, 

1940-1945) 



KUMBER OF 

INDIVIDUALS 

IIILLIGRAMS 

o 

o 

LOCATIOX A^"I^ DATE 

■WHITE 

1 colored 

WHITE 1 

COLORED 

Chatham Countr, 1940-1941 

244 

T3 

8.6 

6.3 

IVayne Countv, 1941-1943 

933 

453 

9.4 

8.8 

Alamance Countv, 1943-1944 

612 

139 

11.7 

11.2 • 

Orange County, 1944-1945 

232 

0 

16.2 

Total 

2021 

665 




Attempts to raise hemoglobin levels in indi-riduals have not alwa 3 -^s resulted 
in a permanent rise, even while curative treatment is being continued.® Further- 
more, indimdual variations within a normal range are to be expected, as has 
been shown here. Consequently, a person with a low reading, particularlv t£ a 
woman, must be carefiillj- examined before such a value can be assumed to 
have a pathologic basis. While menstrual blood loss offers a ready explanation 
for low hemoglobin levels among women, there is need for more d efini te informa- 
tion regarding the correlation between the amounts of blood lost and hemo- 
globin readings before tliis reason can be accepted as valid. 

DietarA' factors no doubt influence hemoglobin levels. Variation in copper 
intake as well as that of protein must affect them. There was no apparent pro- 
tein deficiency m the group hci-e studied since there were only four individuals 
^nth less than 6.0 Gm. of plasma protein per 100 c.c.® 

Dictar,- intake o£ iron mar bo assumca to be the most important factor 
atteettns hemoslobin levels. Dnring the five anfi onchalf years of the sn“e” 
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data on iron intake in the four counties were assembled and are summarized 
in Table II. In every instance the iron intake fcjl below the recommended 
allowance, being appro.ximatcly one-half the amount in one group. ’Whether 
this influenced hemoglobin levels is difficult to determine from the data on hand. 
A discussion of iron intake with r&spcct to hemoglobin level may be found in 
previous reports.*"’ 

The chief sources of dietary iron in the most recently surveyed group 
(Orange County) wore calculated, and the results for persons 15 years of age 
and over were as follows’® : 

I’EP. Cn.VT OF TOTAL II’.OS 


FOOD 


WOIIEX 

Dried beans 

21.4 

24.7 

Enriched broad 

11.5 

8.4 

Eggs 

10.1 

8.8 

Lean pork 

0.5 

0.8 

Milk 

4.9 

3.4 

Dried peas 

4.1 

3.7 

Wliolc ccre.al 

3.8 

6.4 


65.3 

02.2 


It might be assumed that the fondness of 801111101*0 people for greens such as 
turnip tops, mustard gi'ccns, and collard.s, would make these the chief sources 
of iron. Aetuallj^ the bulk of iron consumed is contributed b}* foods which are 
poorer individual sources but are oaten in larger quantities. Beans wore the out- 
standing source for all groups, contributing about a fourth of the total iron in- 
take. For children, whole cereals wore the second source with eggs or milk third. 

.STOIMAKY 

This paper presents distributions of hemoglobin levels as detennined by the 
Evelyn photoelectric colorimeter in 2,1G8 white persons and 861 colored persons 
in four North Carolina counties. Members of tlie families examined were living 
at home and apparently in normal liealth. The examined population was di- 
vided into eight subgroups according to race, sex, and age. Tlie mean grams 
per cent of hemoglobin ranged between 12 and 14. Means for colored persons 
ivere from to 1 6m. below those for corresponding groups of white persons. 
Means for women of both races were about 1.5 Gm. below those for men. Dif- 
ferences between means for boys and girls were not great for either race. In 
general, observed values were well described by normal frequency cun'es, but 
among women of each race there was a gi’oup comprising from 5 to 10 per cent 
of the total with hemoglobin values lying definitely below and outside the range 
of the curve fitted to the main group of observations. Calculated dietaiy iro^ 
intakes for the population under obsenmtion was somewhat below that usually 
recommended as a minimum requirement. 
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IJEjrA'i’OLOCUC SUJiVJ'jy of EEPA'J’H fated ai^iehtcan 
aMl ] jTJ'AE Y ]>EUSONNJOE 


Lu;uTr.NANT Gimugi: E. Cartwimotit, MnoicAO Corps, Armv or thk United 
Stati?;, and Maxwina. JI. 'WiNTitoRi:, M.D.,*’ Sai/t Laki: City, Utah 

INTRODUCTION 

T his rejiort (Icscrilies a licnialolof^ric survey mulcrtaken to deteniiiue the inci- 
dence, severity, and type of anemia, as well as the status of the leucocytes 
and platelets, in rejintriated American military personnel from the Far East. 
It was a part of a general survey carried out at Cri.s.sy Annex, Letternian Gen- 
eral Hospital, San Francisco, hy the Board of Medical Survey of Eepatriatecl 
American Itlilitary Personnel. 

A hemoglobin determination (Iladen-llansscr) was made on each indi- 
vidual during a general incdioal examination. On the basis of these determina- 
tions, the following day a small group of anemic individuals was selected for a 
more detailed hematologic study. It is this group of seventy-five individuals 
which is the subject of a more detailed report in this pajicr. 

The hematologic methods u.sed in the study of the seventy-five selected sub-^ 
jeets were those dc.scribod hy Wintrolie.’ Blood was collected in oxalate bottles 
containing a 2 -.3 mixture of potassium and ammonium oxalate. Duplicate red 
counts wore done on each sample of blood. If the two counts did not check 
within twenty-five cells they were repeated. Hemoglobin determinations were 
made with a Sahli hemoglobinomcter. The hematocrit tubes were spun at 
3,000 r.p.ni. for thirty minutes in a large International type centrifuge. Such 
a procedure was found to insure maximal ]iaeking under the conditions of this 
study. Using these methods normal indices were obtained on blood from nor- 
mal individuals. In experiments using heparin ns an anticoagulant, no signifi- 
cant difference in these values was obseiwed. otlost of the determinations m 
these seventy-five subjects were done by one of us (G. E. C.) personally. A fc" 
were done by a trained experiened technician under supervision. Serum iron 
determinations were made using the methods of Kitzes, Elvebjem, and Schuettc.' 
Using this method we have found the range for serum iron in liealtbj' young 
men to be from 90 to 150 mierogj-anis per 100 c.c.^ This is a somewhat nar- 
rower range than that reiiorted by several investigators^ and is probably ex- 
plained bj' the fact that our group was restricted to young men. The method 
of Cartwright, Jones, and Wiiitrobe” was employed for the determination of 
serum copper. We have found the range for serum copper in healthy ymung 
men to be from 90 to 140 micrograms per 100 c.c.^ 

Keceived for publication, June 7, 1946. 

‘Department of Medicine. University of Utali School of Medicine. 
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CLIN’ICAE HISTORIES 

The subjects of this study had been prisoners of tJie Japanese for periods 
of from thirty-nine to forty-six months ivith one exception. This individual had 
been imprisoned for only nine months. The average duration of imprisonment 
for the group was 40.1 months. ‘With two exceptions all had been imprisoned 
in both the Philippines and in Japan. 

All individuals gave a history of weight loss varjdng between 5 and 90 
pounds. The average weight loss from the time of capture to the time of re- 
lease was 3T pounds. This figure, however, does not give a true picture of 
the degree of weight loss, since many men were below their normal weight at 
the time of capture and since, due to the dropping of supplies from the air 
prior to release, many men had gained weight by the time of their actual release. 

A history of malaria was obtained in 76 per cent of the group- The num- 
ber of attacks varied from one to sixty. The average number of attacks per 
individual affected was ten. IMost of these occurred in the early period of the 
war while the subjects were in the Philippines. During the imprisonment in 
Japan, in most cases, the^ malaria subsided spontaneously. None of onr sub- 
jects had had active malaria within 'four months prior to this study. 

The incidence of certain prominent signs and symptoms of nutritional 
deficiency as obtained by history is indicated in Table I. Pellagra as evidenced 
by cheilosis, glossitis, stomatitis, dermatitis, and diarrhea had been present in 
some 50 to 70 per cent. Several features of this pellagra need comment. The in- 
cidence was much greater in the Philippines. Only rarely, if at all, did this 
symptom complex develop in Japan while the men were sporadically receiving 
soybeans. The incidence of typical pellagrous dermatitis over the exposed 
parts was relatively infrequent. This was the ease in spite' of the fact that the 
men were constantly exposed to considerable sunlight. 


Table I. Ia-cibe-vce or Czp.tais Sicxs axd Staiptoats as Obtained Feojr 
History in Setekty-Fwe Bepateiated American Miut.w.y Personnel 
Fp.om Pap. East 


symptoms and signs 

Cheilosis 

Glossitis 

Stomatitis 

Scrotal lesions 

Pellagrons dermatitis 

Diarrhea 

Edema 

Burning of the feet 

HvpcresfhCEia of the feet 

Paresthesia of the feet 

Bleeding gums 

Petcchiae 

Ecchjmosis 

Kight blindness 

Photophobia 

Diminntion of vision 

Burning of eves 

Kxcc'sive lacrimation 

Weight loss 

Weakness 

I-a.«itude 


NUMBER OP cases 

54 
51 
$9 
50 
10 
39 

55 
33 
37 
3S 
11 

1 


9 

13 

12 

D 

7.i 

75 

75 


per cent 
72 
CS 
6.5 
40 


52 

77 

46 

30 

51 

15 

1 


12 

17 

16 

12 

100 

100 

100 
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TJie occurrence of a scaly, sometimes an eiylhcinatous 'weepiii" scrotal, 
clcnnalitis accompanied by cxti'cme tenclcnicss of llic scrotum, and in some 
cases associated with edema, was relnlivel)' common. In some eases scrotal 
tenderness without dermatitis occurred. About 55 per cent of the indindnals 
with a history of glossitis and stomatitis gave a history of scrotal dermatitis. 
In onl.y one .subject did scrotal dcrmatiti.s occur in tbe absence of glossitis and 
stomatitis. In tlirce cases glossitis and stomatitis developed in the absence of 
cheilosis. Most generally ■when glo.ssifiK occurred stomatitis also was present. 
Severe and persistent diarrhea accompanying glossitis and stomatitis was not 
a.s frequent as expected. Many, in fact most of the individuals, had short 
bouts of diarrhea lasting onlj’' a few days. In Table I only persi.stent diarrhea 
is recorded. No cases of diavrlma resembling spnic were found. 

One individual with a severe glo.ssitis gave a liistoiy of having received an 
injection of niacin. Within three hours the burning of the tongue cea.sed. 
Another individual with severe diarrhea and dermatitis stated that these sjmp- 
toms disappeared within two weeks following niacin tlicrapy. 

Beriberi was exceedingly prevalent in the group and occurred in 
Japan and in the Philippines. A history of wet heriheri was obtained in 
cent and a history of dry beriberi in about 50 per cent. JIany indi^'iduals had 
had both the %vet and the diy tj'pes of beriberi, hut the most striking feature 
was that iir no individual questioned was a histor}' of both types occurring 
simultaneously obtained. Often when wet beriberi disappeared sjTnptoms of 
dtj"" beriberi developed. In other cases, diw' beriberi preceded the wet type- 
Diarrhea uxas seldom present or severe during the wet phase of beriberi. Mas- 
sive spontaneous diuresis often took place. 

The clinical sjTuptomatology of tlie di'y beriberi was strilring. Burning, 
hyperesthesias, and paresthesias were exceedingly severe. In some camps 
hundreds of men 'would walk the floor during the night because of severe pah’- 
Feet were often soaked in ice water, cooled in tbe snow, or left exposed during 
cold nights in attempts to alleviate tlic pain. Tlie feet were so tender that 
even the lightest touch provoked severe pain. On one occasion a handker- 
chief was accidentallj’^ dropped on the foot of a sleeping soldier. He imme- 
diately awoke and cried out in agony. Often just the vibration caused by the 
passing of an individual within several feet of a soldier with dry beriberi was 
sufficient to aggravate the pain. 

Symptoms suggestive of scuiwy were surprisingly infrequent. Fifteen 
per cent “^f the subjects gave a histoiy of bleeding gums. In none of these was 
the bleeding severe. Petechiae w-^ere found in only one subject. On examina- 
tion this individual was found to have a thromhocj’topenia. A history of 
eeehymosis was obtained from only one person in addition to the individual 
with thrombocytopenic purpura. 

Following the intake of a high caloric diet -when they w-erc first liberated, 
in manj’- individuals glossitis, stomatitis, and edema reappeared or became 
more pronounced. 
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A history of blood loss ivas not a prominent feature in these individuals. 
Sis gave a history of bleeding hemorrlioids. In one of these the bleeding vras 
extremely severe. The one individual ndth thrombocytopenic purpura gave 
a history of melena. Eleven individuals gave a history of bleeding gums. In 
each of these the amount of blood lost was extremely small. 


DECT 

The diet consisted for the most part of rice .(white, brown, or red) and 
“green” soup. The rice was sometimes polished, other times not and was 
issued in amounts varying from 300 to 700 Gm. per man per day. If a prisoner 
was not working, or was sick or hospitalized, he was given only 300 to 500 
6m. per day. If working he was given from 500 to 700 grams. In most 
cases the rice contained rat feces, pebbles, and worms. The most distracting of 
the three contaminants were the pebbles. Many times whole barley, com, or 
soybeans were mixed with the rice. The “green” soup consisted mainly of 
water to which small amounts of the tops of green vegetables, grass, or green 
leaves were added. The amount of soybeans available varied from time to 
time and from camp to camp. To many individuals the soybeans were un- 
palatable and even under the severest conditions of starvation were refused 
because of the nausea, vomiting, and diarrhea which resulted from their inges- 
tion. It may be significant, however, that when soybeans were consumed pel- 
lagra was not prevalent. The only meat received consisted of a small piece, 
about 50 to 100 Gm., once or at the most twice a month. During the earlier 
phases of the war a larger and sometimes more frequent portion was served. 
During the latter part of the war, in many camps at least, no meat was served. 
Pish of poor quality was issued one or two times a month at the most. The 
portions were always small. The only vegetables received were dicon, a Japa- 
nese vegetable resembling a eomhination between a radish and a turnip, car- 
rots, squash, and potatoes. These were served very infrequently. Fresh fruit 
was not seen. Men resorted to eating snakes, rats, eats, dogs, lizards, frogs, 
grasshoppers, and snails when these were available, which was infrequent. 
When animals such as cats and dogs were obtained, not only muscle, hut also 
organs, intestines, eyes, brain, and other portions were eaten. Grasshoppers, 
if they could he obtained, were boiled to make a soup. For variation they 
were sometimes roasted. In many cases men recrived no food for a period 
of weeks, sometimes only several meals a week, but generally they ate two or 
three times a day. In all cases the diet was grossly inadequate both in qual- 
ity and quantity. Food was obtained from outside sources when possible ; this 
opportunity was rare. Men fought over wormy apple cores discovered by the 
roadside. Fed Cross packages were rarely distributed. 


prior treatjcekt 

The seventy-five subjects had been on a wholesome American diet for 
from four to ten weeks prior to this study. All had received vitamin supple- 
ments either orally or parenterally. Many had received plasma transfusions. 
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and thi’ee had been given wliole blood traiisriisions. Sixteen of our subjects 
iiad received from one to twenty liver injections. Ten gave a history of Imv- 
ing been treated with iron. 

I^IIVSICAn CONDITION AT THH TIME OF THE SURVnV 

At the time of examination all of the men had been released for from bvo 
to eight weeks and had been on an adequate diet of from four to ten weeks. 
The average weight gain for the group since release was 38 pounds. In gen- 
eral, the individuals appeared to be in good condition. About 80 per cent bad 
regained their normal weight. Two charaetoristic features were present, how- 
ever; they were a protuberant abdomen and an abnormal distribution of fat. 
This was present principally over the pelvic girdle and abdomen and was 
eouspicnously ab.scnt from the extrcinilies. Twelve individuals still liad defi- 
nite peripberal edema. In thirteen the liver was palpable. Two had a mild 
glossitis, two an indefinite cheilosis, one follicular lij’-pcrkeratosi.s. one pellagrous 
dermatitis, and two had residual evidence of optic neuritis. A few individuals 
had residual esfidence of peripheral pohmenritis. One indi^'idnal had roent- 
genolo^c evidence of active pulmonary tnhcrenlosis. This was the only indi- 
vidual in whom an active infection of any nature other than intestinal was 
demonstrated. 

The stools in fifty-seven sulijecfs were examined for parasites. The to- 
suits were as follows: negative, 2.'); yl.srom Ivvthnroiclfs, 47; Ncrator nmey- 
camts, 32; Endolimax nana, 14; Evdamocha coli, 14; Endnmocha hstohjticC’ 
5; Strmgyloidcs stcrcoralis, 5; Trichvris irichiura, 2; otlier, 5. In many in- 
stances multiple intestinal infestation was present. 

In no subject in this group vi'erc malarial parasites found in the blood. 
At the time of the examination all indh-iduals were free of clinical spupk™® 
of malaria, and none gave a recent liistory of malaria. 

HEMATOEOGIC DATA 

hicidence of Anemia . — ^Hemoglobin values below 14 Gm. per cent were 
found in 52 per cent of the first 1,500 patients seen (Pig. !)• Hemoglobin 
values less than 14 Gm. per cent were found in 62 per cent of 193 examinees 
seen during the first w’eek of tlie .survey. In each successive week there was a 
tendency for the incidence .of anemia to diminish (Pig. 2). By the sixth wee' 
the incidence had diministed to 35 per cent. 

Severity of the Anemia . — The anemia was either mild .(from 11 to 14 Gm- 
per cent hemoglobin) or moderate in severity (from 8 to 11 Gm. per cent 
hemoglobin) (Pig- 1). Only one case of severe anemia was obsen’ed. 1“ 
Pig. 3 the severity of anemia as demonstrated by hematocrit determinations is 
presented. The values fell between 27 and 42 e.e. per 100 c.c. In the majority 
of cases the volume of packed red cells fell between 34 and 40. 

Glassification of the Anemia . — ^In 73 per cent of the seventy-five cases studied 
the mean corpuscular volume was greater than 92 cubic microns, indicating a 
macrocjdic anemia (Table II). In most ea.ses tlie maerocytosis was.mild (from 
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94 to 104 cubic microns). In lwent 3 ’ eases the mean corpuscular volume VrOs 
gi’eater than 304 cubic microns, the greatest being 12.u cubic microns (Fig. 4). 
The meaTi corpuscular hemoglobin for this group was either in the upper 
range of normal or slightl.v increased (from 03 to 38 micromicrogi’ams). In 
two-thirds of the patients studied the mean corpuscular hemoglobin concen- 
tration (Fig. 5) fell ^vithin the normal range (from 32 to 36 per cent). In 
the remaining third values were reduced to between 26 and 32 per cent. In 
the eight patients in whom the mean corpuscular hemoglobin concentration 
was below 30 per cent, three gave a history of bleeding hemorrhoids, and 
hoolavorm infestation was present in two. 



Flgr. 3. — The severity of the anemia as measured by hematocrit determinations In the sevent}- 

flve subjects studied In detaU. 

One of the men with a mild macrocytic anemia (mean corpuscular volumn) 
103; volume of packed red blood cells, 30.6) presented an extensive purpura. 
The platelet count was reduced to 25,000, the bleeding time was markedly 
prolonged, and the reticulocytes were increased. He gave a history of blood 
loss. 

In seventeen cases .(23 per cent) the anemia was normocytic. Three cases 
of microcytic anemia (4 per cent) were found. There was a history of defi- 
nite blood loss in two of these. In the third no history of blood loss was 
elicited, but the stools were infested with hookworms. In all tliree cases both 
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the microcyto.sis aiul tlic liypoclironiia were jiiild. TJic anemia in all three 
instances was only mild or moderate in severity. One of these men had pre- 
viously received iron. 

Desertpiim of (he Blood Films . — Tn the macrocytic group the cells ap- 
peared large and well filled with hemoglobin. A mild hypochromia was ob- 
served in a few cases only. liIacroe 3 ’tes were common, in some films numerous. 
Accompanj’ing the macrocjdosis was .slight anisocj'tosi.s and moderate poly- 
chromatophilia. In a few cases the iiolychroniatophilia Avas e.xtreniely marked. 
Nucleated red colls wore occasionally seen, e.spoeially in the earlier cases 
studied and in those Avifli marltcd macrocytosis. Stippling was scon in only 
one film 


Taum: TT. Ci..Assn-ir.\TioK or AKitstu Accor.niN-o to Mean Cor.roscimAn Vownr. 


TVrK OF AKKMfA 

NtjMBEi: or c,\sr.s 

PEP. CKKT 

MacrocA'tic 

55 

7 it 

Normocvtic 

17 

23 

yticroryfifi 

.1 

4 

'I'otnl 

75 

100 


In the normocytie gi'oup the foregoing changes AVOre seen hut were less 
frequent. Numerous macrocytes Avere observed in three films, and an occa- 
sional macrocyte Avas found in three additional cases. In these instances 
anisoeydosis and occasionally poikilocytosis avcvc present. Three of tire suh- 
jeets presented polyehvomatoplulia. Hypochromia Avas noted in three films. 

Reticulocytes . — Reticulocyte counts Avere done in lAvent.v of the subjects. 
In ten of these the percentage of reticulocj’tes avos betAveen 0.4 and 2.0. In 
the remaining ten the reticulocyte count aa-os betAveen 2.0 and G.O per cent. 
In only three of these subjects Avas tlie percentage 4.0 or aboA’c. 

Icterus Index. — The icterus index AA-as Avithin the normal range in all 
except one case. TJii.s exception Avns the nmn AA'itli tliromboej’topenic purpura. 

Leucocytes. — ^White blood cell counts Avei-e done on fifty-three of the sub- 
jects. In nineteen the Avhitc cell count AA-as betAA’cen 5 and 10 thousand; m 
thirty-one the count ranged betAveen 10 and 20 thousand (Fig. 6). In three 
individuals a leucocjdosis greater than 20,000 AA-as noted. In each of these a 
marked eosinophilia AA-as present. No instances of leueopenia AA-ere obsen'cd. 

Differential counts Avere not remarkable except for frequent and marked 
eosinophilia (Fig- 7) and an occasional mild increase in the lymphocytes or 
monocytes at the expense of the neutropliiles. Neutropenia AA-as not observed. 
Abnormal or young Avliite cells Avere not seen. Multinueleated nentropbiles 
AA-ere found in only tAVO films. 

Serum Iron . — Serum iron determinatio'ns Avere made on thirty-eight indi- 
viduals. In seventeen of these (45 per cent) the A-alue fell Avitliin the normal 
range (from 90 to 150 mierograms per cent) as determined by ns in normal 
healthy young men. In tAvenly-one (55 per cent) the serum iron fell heloAV 
the normal range. In seven cases the loTioferremia Avas extremely severe 
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Tablk hi. SuMJtAr.y of Seecji 1i:o.v and Com:r. DETnp.JiiNATio.VB 


CONDITION 

NUilDKI! OF CASES 

PIT, CENT 

Normal scrum iron 

17 

45 

Hypoferremia 

21 

05 

njperferremia 

0 

0 

Normal scrum copper 

19 

50 

njpocupreraia 

0 

0 

nyperciiprcmin 

19 

50 


(below 50 microgranis per cent). The lowest value obtained was 16 micro- 
grains per cent. The results arc summarized in Table III. No case of hy^oT- 
ferremia was found. 

Serum iron determinations done on five subjects with a mesa corpusenlar 
hemoglobin concentration of less than 30 per cent revealed a marked hypo- 
ferxemia in each case. 

Serum Copper . — Serum copper determinations weere made on thirty- 
eight individuals. In nineteen of these (50 per cent) the values fell within 
the normal range (92 to 140 micrograms per cent). In the others the values 
were elevated. The highest value obtained was 215 microgi'arns per cent. The 
results are summarized in Table III. No case of hypocupremia was found. 

DISCUSSION 

Although the anemias .seen were usually mild or moderate in degree, there 
is reason to believe that more severe anemia had been present at one time. 
During each succeeding week of the survey the incidence of anemia dimin- 
ished, indicating progressive recoveiy. All of the men had received a whole- 
some diet fortified with vitamins for a period of from four to ten weeks prior 
to this study. Verbal reports from medical ofSceis who examined the soldiers 
immediately following liberation indicate that in most cases the hemoglobin 
was below 50 per cent of normal at that time. It must be kept in mind that 
many individuals did not survive and that the most severely ill ones were not 
evacuated and consequently were not included in this study. 

Most of the individuals were able to give a very concise and definite his- 
tory. In most cases the history was probably quite reliable. These men had 
had a very intimate and extensive experience with tlie various signs and 
symptoms of nutritional deficiencJ^ 

Normal serum iron and copper values were found in about half of the indi- 
viduals studied. Hypoferremia and bypei'cupremia were found in the other 
half. Hypoferremia is usually a manifestation of iron deficiency or infection. 
In general, there is a reciprocal relationship between iron and copper in the 
serum; that is, when the serum iron is low, the serum copper is elevated. 
This relationship has held in these studies. However, in experimental iron 
plus copper deficiency in animals, there is a depression of both the serum 
iron and the serum copper values. Thus in the present study no evidence of 
copper deficiency was found. Such a condition (h 5 pocupremia) has never 
been demonstrated in human beings. 
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Tlie bypoferremia accompanied by bypei'cupremia^ together ivith the find- 
ing of a slight hypochromia in one- third of the subjects, is suggestive of a 
mild iron deficiency. It is to be noted, however, that similar eh^ges in the 
iron and copper content of the serum are found in cases of anemia due to 
infection.^ There was no correlation between the degree of bypoferremia or 
hypercupremia and the degree of anemia. 

This study sheds no light on the etiology of the anemia. Under the esish 
ing conditions it was not possible to study its pathogenesis. The response to 
specific factors could not be tested. Therefore, no conclusions can be drawn, 
and a discussion of the etiology' must be speculative. Certain general state- 
ments can be made, however. The possible etiologie factors were blood loss, 
malaria, infections, parasitic infestation, and nutritional deficiency. 

It is unlikely that blood loss was a factor in most of the cases. A history 
of blood loss was obtained in only seven patients. In sis of these the blood 
loss was due to hemorrhoids and was extremely mild. Only one of these men 
gave a history of recent blood loss. Furthermore, in a great majority of cases, 
the anemia was macrocytic or normocytie. In the three eases of microcytic 
anemia it is likely that the anemia was due to blood loss in addition to an 
inadequate intake of iron. 

Although 76 per cent of the group studied gave a history of malaria, in 
none was the infection recent. Malaria parasites were not found in the blood 
of any of our subjects. Splenomegaly was not found in any of the men, nor 
was the icterus index elevated. Thus, it is very' unlikely that the anemia was 
due to malaria. 

Infections, local or sy^stemic, were not demonstrated in any of the indi- 
viduals studied, excepting the one with pulmonary tuberculosis. At the time 
seen all individuals were afebrile and ambulatory'. Although a few gave a 
history of pneumonia, none had had pneumonia recently. No adequate ex- 
planation for the leucocy'tosis is available. Whether the parasitic infestation 
was the cause cannot be stated. There was no correlation between the degree 
of leucocy'tosis and the degree of anemia. In general, there was no correla- 
tion between the degree of eosinophilia and the degree of leUeocytosis, although 
in three individuals with a leucocy'tosis greater than 20,000 a marked eosino- 
philia was present (52, 55, and 21 per cent re.speetively) . 

Intestinal parasites veie demonstrated in about to per cent of the indi- 
viduals studied. What part parasitic infestation played in the production of 
the anemia cannot be stated. In 25 per cent of the anemic individuals no 
parasites were demonstrated. Hookwonii infestation was present in 32 per 
cent. If this parasite was the cause of the anemia, other factors probably 
were also concerned, since in nio.st case.s the anemia was maerocytie. Hook- 
worm anemia is generally hypoehroniie and mieroei-tic in type As stated 
previously, there v^s no correlation between the degree of 'eosinophilia and 
the degree of anemia. 


Since all bnl one patient liaa received an escccdinely inadeijuatc diet 
tor from it..rt,-„„.e to fort,v.ei.v months and manr at one time presented eri- 



898 


CAUTWKIOUT AXD WIXTltOIilC 


deuce of beriberi and pellagra, it. is very po.ssiblc, even likelj', that a deficiency 
of dietary factors essential for crytliropoiesis existed. In some cases (about 
50 per cent) this was probably complicated by malabsorption as a re.siilt of 
diarrhea. Since most of the individuals presented a macrocytic anemia, the 
anemia resembles the so-called nutritional macrocytic anemia .so frequently 
encountered in the Orient in people who are known to subsist on a diet similar 
to the one on wbicb the American ])risoncrs of war bad been placed.'"’' One 
difference is apparent. Lencopenia lias been frequently obsen-cd in nutri- 
tional macrocytic anemia. Tiiis was not ob.scrved in the individuals in this 
study. Serum ii-on lias been reported to be normal or low in nutritional 
macrocytic anemia, as many ca.ses are complicated by a mild dietary deficiency 
of iron.” It lias been demonstrated that nutritional macrocytic anemia re- 
.sponds to a factor, or factors, present in inarniite, an aiitolyzcd yeast prep- 
aration, and campolon, a crude liver extract .'’ ' AVlietlier or not a response 
to purified liver extract (anaheiiiin) is obtainable is in dispute.” Wills and 
Bvan.s' in a series of studies concluded (liaf flic active substance is .sepa- 
rate and distinct from tlic extrinsic factor of Castle. Moore and his eo-work- 
ers” have found that the nutritional maerocytic anemia occurring in nutri- 
tionally deficient individuals in this country responds to substances contain- 
ing Castle’s extrinsic factor. 

SUMMAnV .\ND COKCl.USIOXS 

A hematologic survey was made on seventy-five repatriated American 
prisonei-s of war selected from a series of 3,000. These individuals had been 
on a grossly inadequate diet consisting mainly of rice for an average of 40.1 
months. The average weight ]o.ss per individual was 37 pounds. A history 
of nutritional deficiency as characterized by cheilosis, glo.ssifis, stomatitis, 
dermatitis, and diarrhea wa.s obtained in from 50 to 70 per cent. A history 
suggesting wet beriberi was obtained in 77 per cent and a history of dry 
beriberi in about 50 per cent. 

Anemia was observed in 52 per cent of the fii'st 1,500 men examined. The 
incidence of anemia diminished appreciably a.s successive groups were stud- 
ied. Six weeks after the study was commenced, anemia was found in only 
35 per cent. In most cases the anemia was only mild or moderate in degree. 

Among the seventy-five anemic individuals studied in detail, the aneniio 
was macrocytic in 73 per cent, normocydic in 23 per cent, and microcydie in 
4 per cent. Thrombocytopenia was present in one patient. In this individual 
there was a mild elevation of tlie icterus index.^ In the remaining cases the 
icterus index was normal. A mild reticulocydosis and a leucocydosis (some- 
times marked) were frequently encountered. Difterential counts were not 
remarkable, except for the frequent occurrence of an eosinophilia and an 
occasional increase in lymphocytes or monocytes. Blood films showed numer- 
ous maei’ocytes, auisoeytosis, polymbromatopliilia, and an occasional nneleated 
red blood cell. In approximately half of the individuals studied normal 
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sp miTi iron and copper values ■were found. The other half were characterized 
by hypoferremia aud hypercupremia. 

The etiologic factors concerned in the production of these anemias were 
not studied. It is suggested, however, that most of the men examined prob- 
ably presented the recovery phase of severe nutritional macrocytic anemia. 
The role played by intestinal parasitic infestations in the etiologj’ of the 
anemia could not be determined. Jlalaria^ blood loss, and infections -were 
probablj- not important contributing factore in most of the cases. Iron de- 
fieiencj^ may have been a contributing factor in a few. The three eases of 
microcytic anemia were most likely due to blood loss. 
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ABSORPTION AND EXCRETION OP SULPATHIADIAZOLE AND 
SULFAlMETHYLTniADIAZODE AFTER ORAL ADMNISTRATION 

IN HUMAN BEINGS 


JIanson SlnADs, ]M.D., and JIaxwtxl Finland, JI.D. 
Boston, JIass. 


T here is stili some interest in the development of nontoxic chemotherapentic 
agents which are effective in the treatment of intestinal and urinary tract 
infections. Wliite and co-worlters' have recently reported a study of the anti- 
bacterial activity of some sulfaearboxythiazolcs and of sulfatliiadiarole against 
the dysenterj^ group of organisms. The I’csults which they obtained ivith two 
of these compounds, sulfacarbo.xj'^thiazole (2-sulfanilaraido-5-carboxythiazole) 
and sulfathiadiazole (2-sulfaniIamido-l,3,4-thiadiazole), were of interest and 
seemed to warrant furtlier study. 

Sulfaearbox3i:hiazoIc was found to be about as active as sulfaguanidine 
against twelve dysentery strains in ntro and against coliform organisms in 
mice. It is highly soluble at the acid pH’s which may be expected in the 
intestinal tract, is very poorly absorbed, and pi-esumabl}’’ owes its activity to 
release of sulfathiazolc. It is similar’, in these respects, to phthalylsulfathiazole 
(sulfathalidine) . In a limited study of sulfacarboxj’thiazole in human beings,' 
it was found to be very poorly absorbed after oral administration, produced no 
toxic sjunptoms, and appeared to be effective in a few cases of dysentery. 
This compound was also studied by Both and Ross^ who found it and some 
related compounds to be of relatively low toxicity and high activity in the 
intestinal tract of the dog. 

• The synthesis and pliysical properties of sulfathiadiazole liavc been reported 
from two separate laboratories."'’ “ Its actiidty in vitro was found to be similar 
to that of sulfanilamide,®’ ® and in mice it was active against pneumococcal but 
not against streptococcal infections.'* Frisk® also studied the pharmacologj' and, 
biologic activity of the 5-methyl and 5-ethyl derivatives of sulfathiadiazole and 
found them to be rapidly and almost completely absorbed, nontoxic in thera- 
peutic -doses, highly soluble, rapidly and completely excreted in the urine, mini- 
mally acetylated, and biologically about as active as sulfathiazole against pneu- 
moeoeeus types 1 and 3 and Escherichia colt in viti’o and against type 1 pneu- 
mocoeeal infection in mice. Frisk’s monogi’aph did not include studies on the 
absorption and excretion or on the in vivo activity of sulfathiadiazole, presumably 
because of the relatively low activity which he found in "vitro. 

From the comparative studies of Wliite and co-workers/ however, sulfa- 
thiadiazole appeared to possess interesting possibilities for use against dysentery. 
As compared -with sulfaguanidine it was ten times as soluble at pH 6.5, from 
four to eight times as active against several dysenteiy strains in vitro, and more 


Vrnm the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harv- 
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active against coliform bacteria in mice. This compound did not appear to owe 
its activitj' to a decomposition product as did sulfacarboxythiazole or sulfa- 
thalidine. In preliminary pharmacologic studies, Robinson* found higR con- 
centrations in the intestinal contents, moderately low concentrations in the blood, 
and relatively high, but due to its solubility probably safe, eoneentrations in the 
urine. Studies of the absorption and excretion of this compound after oral ad- 
ministration in human beings, therefore, seemed warranted, Sueli studies are 
reported in this paper together with some comparative observations on the 
5-methyl derivative. 

MATERIALS AND METHODS 

The subjects were normal laboratory workers or convalescent men patients 
who had not received sulfonamide drugs recently and had no evidence of cardiac 
or renal insufficiency. They all weighed between 66 and 77 kilograms. The 
first part of the study was carried out on two subjects and was essentially a 
repetition with sulfathiadiazole of the observations previously reported with 
suKacarboxythiazole.^ In the second part, a single 5 Gm. dose of sulfathia- 
diazole was given to each of five subjects, and the 5-methyl derivative* was 
given to three subjects. Except when otherwise noted, the daily fluid intake 
was about 2,500 to 3,000 c.c., and no alkalies were given. All of the single doses 
were given at 9:00 a.m. All of the urine was collected at two-hour intervals 
during the first twelve hours and at twelve-hour intervals during the next thirty- 
six hours. Bloods for levels we're obtained at these times and also one-half and 
one hour after the dose, but the fecal excretion was not studied. The urines 
passed at odd intervals also were studied in several other subjects while re- 
ceiving repeated one Gm. doses after an initial four Gm. dose. 


RESULTS 

Excretion of Sulfathiadiazole After a Single 5 Gm. Oral Bose. — ^The free 
and total sulfathiadiazole content of the urines collected in twelve-hour periods 
and of each of the stools passed by two subjects are given in Table I. Subject 
G. B., who received no laxatives, e.xcreted 75 per cent of the dose in the urine 
and 4.5 per cent in the stool. Subject B. S. was given a laxative (cascara 
sagrada) each morning and evening from the day before the study was begun 
until it was ended. A total of 60.1 per cent of the dose was recovered from°the 
urine and 8.1 per cent from the feces of subject B. S. Of the total dru<r recov- 
ered from the urines, 83 per cent was excreted in the first trvelve hours by 
G. B. and 93 per cent by B. S. In both subjects only a small percentace of the 
urinary sulfathiadiazole and a somewhat greater proportion of the fecal drue 
nye in a conjugated forrtu The significance of the latter is not entirelv clear 
pe blood levels at one and one-half hours were about the same in both s^xbieets 
Some drug was stfil present in the blood of subject G. B. eiaht hours after the 

sSjecI B. s!'"’ demonstrated at that W in the blood of 

r-nrl mJ-errN.°T“.“T^ 
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Excretion of Sulfaihiadiazotc After Repeated Oral Doses , — The same two 
subjects were ]ater given repeated doses of sulfatliiadiazole, and the amounts 
recovered from urine and feces -were detemined. In addition, blood levels were 
determined hourly for four lioui-s after the initial 4 Gm. dose and twice there- 
after. The results are shown in Table IL In this instance the total amounts 
of dmg recovered in the ur-inc and feces were quite comparable in the two sub- 
jects, most of it being found in the urine. Itfore of the urinary sulfathiadiazole 
in subject B. S. and less of the fecal drug recovered in both subjects were in 
the conjugated form. The maximum blood level was obtained two hours after 
the initial 4 Gm. dose in G. B. and one hour after that dose in B. S., but in both 
subjects appreciably lower levels were found in the tliirty-two and forty-nine 
hour bloods which were drawni four liours and one hour, respectively, after a 1 
Gm. dose. 

The concentration of tlie dmg in the different specimens varied depending, 
of course, on the volume of urine excreted. In Subject G. B. the concentrations 
ranged from 540 to 240 mg. per cent for the total and from 500 to 182 mg. 
per cent for the free drug during the time when it was being given. In subject 
B. S. the range was between 430 and ICO mg. per cent for the total and between 
410 and 100 mg. per cent for the free drug. Neither crj’stals nor red blood 
cells w’ere found in any of the specimens, but the subjects took fluids liberally 
(about 3 liters per day). 


Table m. Solfaticudiazole in iNDinnuAL Sfecimens op UniNE Doiuno Ad-winistbatiox or 

Repeated Ohal Doses 


SUBJECT 


ESTIMATED 

FLUID 

INTAKE (C.C. 
PEH DAY) 

rn or 

UKINE - 

PBUC IN DIFFEISENT SPECISIENS 
OF VOIDED URINE 
(.'10. 

PEKCENT 

CWNJUOATED 

MAXIMUM 

.MINIAtOM 

r..ANOE 

atebace 

FREE 

TOTAL 

FREE 1 

TOTAL 

j. a 

1 

1,500 

5.8 to 7.0 


1,180 

010 

070 

9 to 12 

lO.S 


o 

2,500 

5.4 to 5.7 

HuifSl 


170 

190 

4 to 27 

10.4 


3 to 4 

3,500* 

7.2 to S.S 



70 

95 

4 to 24 

16.5f 

L. G. 

1 


0,5 to 7.0 

415 

480 

10 

10 

0tol4 

11.6 


2 

900 

5.2 to C.O 


584 

150 

190 

4 to 24 

11.3 


3 

2,500 

5.2 to 6.5 

390 


240 

310 13 to 22 

18.5t 

B.L. 

lto4 

3,500 

5..3 to 0.8 

202 

232 

04 

70 

9 to 21 

14.2 


•Sodium bicarbonate, 0 Gm. followed by 2 Gm.. with each dose slven on these days. 
tAverage for the four days was 11.6 per cent. 

JAveragre for the three days was 13.3 per cent. 


Three additional patients ivere given 4 Gm. each of sulfathiadiazole followed 
by 1 Gm. every four hoiu-s, and all voided specimens w'ere collected during the 
time when the drug was being administered. The pH of each specimen was 
tested, and the concentrations of free and total sulfathiadiazole were determined. 
The results are summarized in Table HI in relation to the fluid intake. The 
expected effect of the fluid intake is clearly shmra. Several specimens from 
Subject J. S. contained more than 1 per cent of drug. The sediments of 
all the voided specimens in these cases were examined and found to be free of 
red blood cells and drug crystals. 
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Rapidity of Absorption and Excretion of Sulfaihiadiazole and Sulfametlv- 
ylthiadiazole After a Single Oral I?ose.— Since most of the drug ivhieh ap- 
peared in the urine after a single 5 Gm. oral dose of sulfathiadiazole was re- • 
covered during the first twelve hours, it was of interest to determine in more 
detail when the maximum absorption and excretion occurred. For that purpose 
a single 5 Gm. dose was given to five subjects, and the total urine output was 
collected at two-hour intervals during the first twelve hours and at twelve-hour 
intervals for the next thirty-six hours. Blood levels were determined at these 
intervals and also at one-half and one hour. A similar study was carried out 
with sulfamethylthiadiazole in three subjects, two of whom were also used for 
the sulfathiadiazole study. The results are shown graphically in Figs. 1* and 2. 

For both drugs the rapidity of absorption %'aried considerably as indicated 
by the maximum blood levels and the time when they were attained. The maxi- 
mum concentrations of total sulfathiadiazole in the blood varied from 4.0 to 
7.8 mg. per cent and the free drug varied from 3.6 to 6.7 mg. per cent. The 
corresponding figures for sulfamethjdthiadiazole were from 6.5 to 12.0 mg. per 
cent total and from 6.2 to 10.8 mg. per cent free. These maximums’were at- 
tained in different subjects from one to four hours after the ingestion of either 
drug. 


Table IV. Ukikaey Exceetion of Sdlfathudiazole and Sclfamethtlthiaeiazole 

Aftee Single 5 Gii. Dose 


SUBJECT 

PEKCENTAGE OP TOTAL DRUG EXCFvETED IN THE URINE RECOVERED 

IK THE FIRST 

1 2 HOURS 

1 4 HOURS 1 

1 6 HOURS 1 

10 HOURS 1 

24 nouns 



Sulfaihiadiazole 



J. M. 

3 

28 

58 

88 

100 

E. O. 

5 

45 

69 

93 

99 

B. D. 

21 

39 

70 

90 

98 

M. M. 

22 

65 

89 

97 

99 

B. B. 

44 

83 

91 

96 

100 


Sulfamethylthiadiazole 



E. 0. 

8 

29 . 

52 

90 

99 

J. B. 

5 

47 

73 

95 

99 

M.M. 

50 

83 

95 

99 

100 


The urinary excretions showed corresponding differences. The maximum 
excretion occurred in different subjects, either in the first, second, or third two- 
hour interval. The greatest variations in excretion occurred in the first and 
second two-hour periods. Practically all of the urinary excretion occurred in 
the first twenty-four hours, and very little was excreted after ten hours in most 
of the subjects and after sLx hours in some of them. This is shown in Table 

IV. The total amount of drug excreted by each of the subjects and the propor- 
tion which was determined as being in the conjugated form are shown in Table 

V. From 60 to 100 per cent of the administered sulfatiiiadiazole (avera-e 83 4 
per cent) was recovered in the urine, while the sulfamethvlthiadiazole was’ com- 
pletely recovered in the urine in each of the three subjects. 

The mmymum concentrations found in the urine in these subjects are shown 
logger iviUi other relevant data in Table VI. The maximum concentration of 

were n?? dSl?c4 ^ figure because frequeBt blood Ie%-els 
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SULFATHIADIA20LE 

SINGLE 5 GRAM DOSE BY MOUTH 



HOURS AFTER DOSE 


FJg. 1. — Blood levels and urinary excretion of sulfatlilndlazolc In four subjects each given n 

single dose of 5 Gm. by mouth. 


SULFAMETHYLTHIADIAZOLE 
SINGLE 5 GRAM DOSE BY MOUTH 



HOURS AFTER DOSE 


Vir- !>— Blood levels and urinary excretion of suIfjMethylthiadij^oIe in three subjects each 
FJg. xiiouu given a single dose of 6 Gm. by mouth. 
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Table V. TOTAJj FeINABT EXCEETION of SiII.PATHLU)UZOLE and SULFAMETHyLTHIAPIAZOLE 

Aftek Singia: Oeal 5 Gm. Dose 



GM. 

IN URINE 

Ipef. cent op dose 

PEF. CENT 

SUBJECT 

FREE 

( TOTAL 

1 EXCRETED 

conjugated 



Siilfathiadiazole 



B. S. 

2.687 

3.003 

60.1 

10.5 

B. S. 

3.172 

3.511 

70.2 

9.6 

G. B. 

3.335 

3.749 

75,0 

11.0 

J. M. 

4.142 

4.541 

90.8 

8.8 

E. L. 

3.955 

4.700 

94.0 

15.8 

M.M. 

4.392 

4.702 

94.0 

6.6 

E. 0. 

4.515 

4.987 

99.7 

9,5 

Average 

3.743 

4.170 

83.4 

io.2 



S ulfamethyllhiad iazole 


J. B. 

4.239 

4.805 

96.1 

11.8 

M. M. 

4.737 

5.046 

( 100.9 

6.2 

E. 0. 

4.801 

5.264 

105.3 

8.8 

Average 

4.592 

5.038 

100.8 

8.9 


Table "VI. ilAxiiniu; Concentration op Sulfonamides in TTeine After Single 5 Gm. Dose 



rNTERVAIf 1 
ATTOlDOSE 1 

VOLUME . 


mg. pee 100 ac. 

sediment 

SUBJECT 1 

(HR.) 

(c.c.) 

PH 

free I TOTAL 

CRYSTALS 1 E,B.C. 


Sitlfathia-diasole 

J. M. 2 to 4 385 __ 293 300 

E. 0. 2 to 4 125 5.0 1,480 1,600 

B. L. 2 to 4 65 5.5 1,100 1,270 

M. M. 2 to 4 180 6.0 1,320 1,380 

B. S. 2 to 4 290 __ 428 472 

SuXfamethylthiadiazole 

E. O. 4 to 6 90 5.8 1,260 1,360 

X B. 2 to 4 150 5.5 1,220 1,360 

M. M. 0to2 175 6^0 1,360 1,440 


0 

0 

0 

0 

0 

Many 

0 

ilanr 


0 

Pew* 
0 • 
Bare 
0 

0 

0 

Manyt 


n *There were occasional red blood cells but no crystals In the sediment of later specimens 
collected up to eight hours. 

tTwo hours after the dose this subject developed pain in the right loin radiating to the 
groin and aTCompanied by nausea. Crj'stalluria was also present in the two- to four-hour 
specimen, Md microscopic hematuria persisted for four hours ionger. The two- to 4-hour sneci- 
men consisted of 150 c.c., pH 5.5. and contained 1.060 mg. per cent free and 1.100 mg. per cent 

siilfathiadiazole ivas found in the two- to four-hour specimen in each instance 
and varied from 300 to 1,600 mg. per cent. The concentration of the methyl 
compound reached from 1,360 to 1,440 mg. per cent in the three subjects, but 
these maximums were found at different intervals' after the dose. Only a small 
percentage of the dmg was found in the urine in the conjugated form. These 
specimens were all acid (pH 5.5 to 6.0). ° 

Distribution Betiveen Plasma and Blood CeZfs.— The distribution of sulfa 
tliiadiazole and sidfamethyltliiadiazole between plasma and red blood cells was 
studied in two subjects at the time of the maximum blood level after a sin^lo 

oral dose. The r,^ts are shown in Table Til. The plasmas contained 2.5 and 
3.1 times as much free .sulfathiadiazole and fifteen and twentv-four times as 
mucli free sulfamethydtlnadiazole as the red blood corpuscles. AU of the co^ 
.mgated drug was in the pla.sma, and none was found in the red blood cells 
bn/mrard E^rccts^Om patient, subject J. B.. devcloped^fcvcr (100°' F 1 
conjunc lyi US, and urtieaina after forty-eight hoius of treatment with suhI’ 
mcthyUluad.azole given m the usual dosage, namely, 4 Gm. followed by KS! 
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JIKADS AND I'i.VLAND 


TAnr.E VII. DrsTp.inuno.N’ in {’I.AS^^A and Ero Blood Cells 


SUDJECT 

SULrATlIIADIAZOLE 

I 

SULrAMETilYLTIIIADIAZOLE 

E. 0. 

1 .^r. .w. 

I 

K. 0. 

1 U. M. 

Whole blond (inv. ''/r] 

1 





Freo 

c.o 

4.0 


6.2 

lO.S 

Conjug.-itcd 

1.2 

0.5 


o.r. 

1.2 

Plasma (mg 9f) 






Free 

s.o 

5.8 


10.4 

17.0 

Conjugated 

2.2 

3.3 


1.7 

2.8 

Ilomatocril (%) 


■15 


•I.'i 

■15 

Ecd blood cells (mg. 

%) 





(calculated) 






Free 

.3.5 

1.0 


0.7 

0.7 

Conjugated 

0 

0 


0 

0 


eveiy four hours. lie line! received a single 5 Gm. dose four daj'S previously 
without untoward effect. Fever and .sjTnptoiU-s subsided within a few hours 
after the last dose. The patient was .sukscf]ucn(ly given test doses of 2 Gm. of 
sulfathiazole and sulfadiazine and showed no untoward effects. The only other 
untoward effects ohseiTcd are those noted in Table VI. It is of interest, how- 
ever, that several other subjects had concentrations of more than 1 per cent of 
sulfatliiadiazolc in urine that was acid at the time and nevertheless showed no 
hematuria or crystalluria. There was no nausea noted except during the episode 
of renal colic in Subject JI. lil. The sulfamethylthiadiazolc crystals recovered 
from the urine of subjects E. 0. and M, M. were probably in the free form as 
judged by the usual chemical determination. They appeared microscopically as 
large compact sheaths with irregular and jagged ends resembling broken-off 
tree trunks. 

uiscussiox 

The tjTJes of compounds which arc considered to be useful in the treatment 
of enteric infections are those which are highly soluble at the acid pH of the 
intestinal eontents and poorly absorbed, so that high concentrations are main- 
tained in the bowel and vciy little gets into the blood and urine. If there is 
good absorption, the excreted drug must bo higiily soluble at the range of pH 
that may be expected in the urine. For the treatment of urinary tract infec- 
tions it is desirable to have compounds which are absorbed and excreted fairly 
rapidlj’’ with a minimum of acetylation and are highly soluble in the range of 
pH of the urine. Both types of drugs must be active, of coursCj in their re- 
spective media against the pathogenic organisms for w'hich they are used. 

Sulfathia diazole and sulfamethylthiadiazole ivere both found to be rapidly 
absorbed and excreted minimally conjugated in blood and urine after oral ad- 
ministz'ation. All but a small percentage of the siilfathiadiazole and practically 
all of the 5-methyl derivative were recovered from the urine, largely in the free 
form and mostly within the first few hours after they were ingested. Only 
from 4.5 to 8.1 per cent of the orally administered siilfathiadiazole were recov- 
ered from the feces. High concentrations, often over 1 per cent, were obtained 
in the urine in the first few hours after a single 5 Gm. dose. In most instances 
these large amounts of drug remained in solution in the urine, even at pH as 
low as 5.5. In two subjects, however, suLfametbylthiadiazoIe crystals appeared 
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in large ntunbers in the voided urine after a single 5 Gnn dose, and this vras 
accompanied by renal colic and bematnria in one of them. A fevr red blood 
cells 'withont crystals were also present in the nrine in two snbjects after a 
dose of svdfathiadiazole, but in every instance the nrine contained ver>' high 
concentrations of drug at the time. These complications occurred within a few 
hours after a 5 Gm. dose and were not seen during repeated administration of 
1 Gm. doses at four-hour intervals. 

In the preliminary studies of White and co-workers’’ sulfathiadiazole ap- 
peared to have therapeutic possibilities for the treatment of dysentery infections 
and seemed to he active against coliform organisms in mice. The present studies, 
however, suggest that, from the point of view of its absorption and excretion, 
this compound is not particularly suited for enteric infections unless the small 
amounts remaining in the bowel are very highly active. Such a possibility is 
suggested by the effectiveness of sulfathiazole and sulfadiazine in the treatment 
of dysenterj’’ in spite of the small amounts recoverable in the feces, and sulfa- 
thiadiazole has the added advantage of greater solubility at the pH of the 
intestinal contents. On the other hand, the high solubility throughout the 
urinary pH range and the effectiveness against coliform organisms suggest that 
sulfathiadiazole and its 5-methyl derivative may be useful in urinary tract in- 
fections. Doses as large as 5 Gm. at a time, however, should he avoided, hut 
doses of 1 Gm. each can probably he given safely every four hours. More ex- 
perience in the actual treatment of urinary tract infections is needed before the 
safety of these compounds and their effectiveness can be determined- 


CONCLUSIONS 

Sulfathiadiazole given by mouth was rapidly and almost completely ab- 
sorbed, rapidly eliminated in the urine, and highly soluble in the urinarj- range 
of pH. About 90 per cent of the drug recovered from the urine was in the 
free form. Sulfamethylthiadiazole was more completely absorbed and rapidly 
eliminated in the urine, and it gave somewhat higher maximum blood levels. 
Microscopic hematuria and macroscopic crj^staUuria were observed in two of 
three subjects after a single oral dose of 5 Gm. of the methyl derivative. The 
findings suggest that sulfathiadiazole deserves a trial in the treatment of urinarv 
tract infections but that large individual doses should he avoided. 
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THE QUANTITATIVJ3 DETEIi^^INATION OF THE TIiyHOL 
TUEBimTV ]?EACTJON 01-’ .SEETOf 


Allyx B. Li:y, M.D., Jjssica 31. Li:\vis, JI.D,, and 
CuAKLKS S. 33AV10S0N, M.D., C.SI. 

Boston’, JFass. 

T he thyjiiol turbidity reaction of seruni us described by iJIaclngaid'" lias 
been studied, e.s|iecially in li\-cr disease, by .several observcis.^' * Slinnk and 
Hoagland'' Jiave adapted the reaction to the Coleman s])cctvophotoinclcr, using 
barium sulfato suspensions as standards. 

The determination of JIaelagan units of turbidity by the vi.sual comparator 
block is not precise enough for the statistical analyses of the results. In Ihis 
paper is reported a modification of the Slnclagan metiiod u'liieli appeal's to offer 
a more quantitative approach to the determination of thymol turbidity as a 
means of evaluating the pre.sence of liver disease. 


jnrrrroDS 


The entire reaction with .serum, as well as tlic formation of tlic standard 
barium sulfate suspensions, was carried out in Evelyn lubes. A C60 /i filter was 
used in an Evelyn colorimeter. Galvanometer readings G wore changed to h 
values (2 ~ Log G). Distilled water was used for the 100 setting on the color- 
imeter rather than the thymol buffer’, as the latter tends' to become turbid 
upon standing. Slight turbidity of the thymol buffer clears when it is added 
to the serum, but in general cloudy buffer .sliould not be used. 

Standard Bai'iuni Sulfate Curve . — A barium sulfate suspension was pre- 
pared as described by Shank and Hoagland,® rrsing 3 c.c. of 1 per cent barium 
chloride diluted to 100 c.c. with 0,2 N .sulfuric acid. Serial dilutions of the stand- 
ard were made with 0.2 N sulfuric acid, and the resulting turbidity was meas- 
ured in the Evelyn idiotoelectric colorimeter. Seven serial dilutions of the barium 
sulfate suspension were made, each one five times. The mean value for eacli 
dilution was obtained and a regression equation derived from the data. The 
equation is: Y = 20.81X - 0.0271, where Y = c.c. BaSO^ suspension, and 
X = L value (2 - Log G). The values obtained are shown in Table I. The 
curve draum from these values is a straight line. The appro.ximate Maclagan 
units corresponding to the dilutions of the BaSOi standard are given in Table I- 

Procedure. — The reaction was carried out as follows: Into an Evelyn 
tube "were placed, in succession, 0.1 c.c. of senim and 6.0 c.c. of tlij’mol-barbitu- 
rate buffer prepared according to Maclagan.- The contents were well mixed and 
kept at room temperature for thirty minutes; galvanometer readings were then 
obtained using distilled water as the 100 setting. 


Vrom the Thorndike Memorial Laboratory, tlie Second and Fourth Medical Services 
(Harvard). Boston City Hospital, and tlie Department of Xledicine, Harvard jredical School. 
Received for publication. June 17. 1940. 
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Table I. Relatiok Between Volume of Eabtom Sulfate Suspension, Evelyn 
Eeadinos, and Maclagan Units 



The galvanometer readings 6 were changed to values (2 - Log 6), and 
the corresponding cubic centimeters of barium suKate suspension, obtained from 
tlie equation by calculation or from the curve, were taken as indicating the 
degree of equivalence of thymol turbidity. 


RESULTS 

Non^ial . — Serum was obtained from 105 apparently healthy young men 
ndthout a history of gastrointestinal disturbance or jaundice Vithin three 
months. The serum bilirubin concentrations® were normal in all. 

The thjTuol turbidity of these men varied from 0.16 c.c. to 2.19 c.e, of 
barium sulfate (Table II). The mean was 0.63 c.e. with a standard deviation 

^ S.T). = ^of 0.35 cubic centimeter. If the the mean normal plus 

three times the standard deviation is taken as the upper limit of normal varia- 
tion, this would give normal limits of thymol turbidity as equivalent to from 
0 to 1.68 c.c. of the barium sulfate suspension. In our normal group two sera 
had values above this. 

Cirrhosis of the Liver. — Sixty-three thymol turbidity determinations were 
made on twenty-three individuals -with cirrhosis of the liver (Laennec) . Twelve 
of the cases were arbitrarily classified, without reference to the thymol turbidity, 
as mild and eleven as severe. The results are shown in Table II. Eighty-one 
per cent of the determinations in all cirrhosis were elevated above 1.68 c.c., wliile 
in advanced cirrhosis 92 per cent were likewise above normal. 


Table II. Thymol TuRBrorry Eeaction of Xop.mal Seka Conteasxed Wirn Reaction in 
LaEnNEC’S ClP.EIIOSIS AND ILLNESSES WlTnOtn' EVIDENCE OF EiVEB DISEASE 
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Liver Disease Oilier Than Laenncc’s Cirrhosis . — In Tabic III arc shown 
the thymol turbidities of sixteen patients witli oUicr forms of liver disease than 
Laenncc’s cirrhosis. The highest values were found in infectious hepatitis, but 
values above normal wore also found in llie sera from patients with hemoij'tic 
anemia witli liver disease, carcinoma with liver mctastascs, and homologous 
scrum jaundice. High values were also found in infectious mononucleosis, but 
this cannot be taken alone as evidence of the piuscnce of liver disease in this 
condition. 


Taulk ni. Tiiymoi. Tuniiimry is* Lmu: Pibkash Othi:!’. Tuak LAfiSKne’s Crnr.iio.sis 


PIS EASE 

or 

rATir.vTS 

TIIYMOr, TURBIDITT 

(c.c. naso, sospexsiok) 

Hemolytic nncmia with liver diseafc 

2 

1.10, 2.30 

Biliary cirrlio.si.s 

, I 

0.05 

Familial nonhemolytic icterus 

I 

1.05 

Hepatic vein okstruction 

I 

0.90, 1.00, 0.2o 

Carcinoma with liver mctastascs 

■1 

0.90, 2.00, 1.75, 2.6d 

Infectious liepatiti.s 

•1 

1.45 to 7.10 

Infectious mononucleosis 


1.S0, ‘l.CO 

Homologous scrum jaundice 

1 

1.30 to 4.85 


Patients Without Evidence of Liver Disease . — The thymol turbidity was 
measured on the sera of twenty-seven liaspitalixcd patients with illnesses not 
associated -with liver disease. The results are shown in Table II where they 
may be compared with those obtained in Laennec’s cirrhosis. Only 14 percent 
had turbidity' values of 1.68 c.c, of bai'ium sulfate or more. 

COAIMENT 

The thyonol turbidity described by Jlaclngan^ has the advantage over most 
tests depending upon qualitative or quantitative changes in the serum proteins 
of being simple and rapid. In tliirty-one normal individuals, Watson and 
associates^ found values of from 1 to 4 Maclagan units and Shank and Hoagland'' 
of from 0. to 4.7. The range of values in cirrhosis of the liver and infectious 
hepatitis is quite -wide, but many, are within or near the normal range. Thus, 
it is often difficult to decide w'hether a value is abnormal or not. 

The modification of the method described herein makes it possible to deter- 
mine more precisely the range of normal as well as the significance of abnormal 
values without the use of arbitrary units. Inspection of Table II shows that 
only 2 per cent of normal individuals had values above 1.68 c.c. of barium 
sulfate; however, 14 per cent of hospitalized patients without evidence of liver 
disease were above normal, and 30 per cent of the determinations in mild 
cirrhosis were within the normal range. Thus, a negative test is of no value in 
eliminating cirrhosis of the liver. However, a positive test equivalent to 4 c.c. 
of barium sulfate suspension or above is good eindence of liver disease, as none 
of the sera obtained in illnesses witliout liver disease were above this figure. 

The cases of other forms of liver disease are too few for statistical analysis. 
However, Shank and Hoagland,® in infectious liepatitis, found eighty-two of 
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eighty-three patients "with increased thjTnol turbidity, and Cohn and Lidman,* 
in fifteen soldiers with infectious mononucleosis, found a high incidence of 
positive reactions, as well as other evidence of liver disease. 

STTMAtARY 

1. A modification of the Maclagan thymol turbidity reaction of serum is 
described, using the Evelyn photoelectric colorimeter. 

2. For greater accuracy and convenience, the values for turbidity are ex- 
pressed as cubic centimeters of the barium sulfate suspension used as standard. 
The approximate Slaclagan units determined visually are presented for com- 
parison. 

3. The thymol turbiditj^ of 105 apparently healthy young men varied from 

0. 16. to 2.19 e.e. of barium sulfate suspension. The upper limit of normal, us- 
ing three times the standard deviation, was 1.68 cubic centimeters. 

4. In cirrhosis of the Liver, 81 per cent of the determinations were abnormal ; 
in severe cirrhosis, 92 per cent. In a series of illnesses without evidence of 
liver disease, 14 per cent were above normal but none above 3 c.c. of barimn 
sulfate suspension ; whereas, 37 per cent of the determinations in cirrhosis were 
above this figure. 
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SEi\IIQUANTITATnn5 ESTIJLVTION OF BILIKUBIN IN THE UIHNE 
BY WEANS OF Tinil BARIUJI-S'I’ETP jHODIFICATJON 
OF HARRISON’S TEST 

C. J. Watson and Violkt Hawkinson 

]\rrNNKArOLIS, JflNN, 

T irii) importance of detcctinj' Inlirnbin in the urine has recently heen 
empliasized u-itli respect to ilic diagnosis of infectious Iicpntitis, both » 
tlic preicteric stage of the disease and in those cases in Avhicli jaundice docs 
not become manifest.'"* The barium-strip modification of tlie Harrison test 
for bilirubin in the urine, as described in a previous communication,' was 
sought and elaborated in order to provide a metliod which would be suitable 
for mass and serial usage, as in an epidemic of infectious jaundice, or in a 
chemical industry where injury' of the liver was a possilile hazard. Further 
experience with this technique has confirmed our belief in its simplicity and 
the rapidity with which it may be executed, also its .specificity and sensitivity. 
The only other method which might be compared with it, on the basis of these 
attributes, is the methylene blue test, which, however, is not quite as sensitive 
nor as uniformly specific for bilirubin and in addition is more time consunung. 

A description of the barium-strip modification of Harrison’s test is given 
in the following: 

Sheets of thick retentive filter paper® are tlioroughly immersed in a satu- 
rated aqueous solution of barium chloride, after which they are dried either 
in a drying oven or at room temperature. The .sheets are then cut into strips 
3 or 4 inches by inch in dimension. These strips niaj' he prepared in any 
desired number, as they keep indefinitely'. 

To carry' out the test, one of the barium-impregnated strips is simply 
inserted perpendicularly' into the urine sample in question. It is held at the 
same level for from five to ten seconds, and at least Y 4 inch of the lower end 
of the strip should be below the surface of the urine. During this period it 
is seen that the urine runs up the strip, but the pigments are adsorbed and 
collected just at the surface. The strip is removed and placed in the hori- 
zontal position on white absorbent paper such as ordinary' filter paper or paper 
towel. At the point where the strip was at the surface of the urine, a yellow 
or brown line, or zone, is seen running transversely' across the strip. This is 
usually present, although faintly, even with most normal urines. The Fouchet 
reagent, as used in the Harrison test, is dropped from a dropping bottle 
directly on this zone which was just at the surface of the urine. A green 

^om the Department ol Medicine, University of Minnesota Hospital. 
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•Schleicher and Schull, No. 470. Thus far, .-we have not had experience with any ome 
type of paper which was satisfactory. 
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Means of the BAPjfJr-SxKip MomncATiON 
OF Haf.p.ison's Test 


Baritj'ai -Strip IIodificatiox or Harrison's Te.st 
FOR BiLIROBIX IX THE UrIXE 


Trace 


0.1-0.25 


1+ 2-r 3-h 



0.5- 1.0 2.0- 5-0 HO -10.0 

Mtlliqroms .per cent 


4-f 


> 10.0 


1 





I 


Fiff. J. 
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color denotes the presence of hilinibin. If just a trace is present, one may 
see only a veiy faint green line, ivhile ■with larger amounts, an intense dark 
green is observed to spread up and down the strip over a broad area. The 
green color alone is specific for bilirubin. At times a purple or reddish color 
is seen, most likely due to dehydrogenation products of urobilinogen. 

The foregoing procedure has been rendered semiquantitative bj’ the use 
of a color chart of five standard intensities of green color, as sho'vra in Fig. 1. 
These colors were painted* from the barium-strip Harrison tests of as many 
concentrations of bilirubin, each dissolved in pooled normal urine. The sample 
barium-strip tests, as sho-BTi in the lower part of Fig. 1, were carried out on 
pathologic urines containing varjnng amounts of bilirubin. They simply illus- 
trate the means by which the comparisons ■\nth the standards are made. 

This simple, semiquantitative method facilitates observation of the degree 
of bilimbinuria, whether increasing or decreasing, and thus aids in establish- 
ing the trend of the disease. Furthermore, it offers a more nearly standard 
means of reporting the degree of bilimbinuria which hitherto has been largely 
a matter of the personal equation. 

' SUMMAKV 

A standard color chart is reproduced by means of which the barium-strip 
modification of the Harrison test for bilirubin in the urine has been made 
semiquantitative in character. 
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AFPLICABILUT OF TRE BIVUET REACTION TO THE 

DETERJtINATION OF SERUil ALBmilN BY METHANOL 

PJ05CIPITAT10N 


JJ.vr.voiJ N. Cniiisu’i^KSKN, Pn.D. 

COOIT.RSTONS'N, N. Y. 

P ILLEjMEH and Hiitehiji.son’ ]iavc shown that llic precipitation of globulins 
by aqueous inotlmnol under controlled conditions yields results for serum 
albumin comparable to those obtained by electrophoretic measurement. The 
protein partition obtained with sodium sulfate accoz-ding to Howe* is Juiozs-u 
to yield falsely high values for albumin.^- * In this laboratory the method of 
Pillemer and Hutcliinson has been found convenient and useful. Further sim- 
plification has been obtained through the observation that albuznins can he de- 
termined in the filtrates b 3 ' the bizzret reacliozz es.s-entially according to Kingsley, ‘ 
in spite of the presence of about 40 per cent luetliauol. This procedure avoids 
the difficulties inherent in the complete recovery of izrotein nitrogen by micro- 
Kjoldahl procedures.® 

PIZOCEDUnE 

A 1 c.c. aliquot of the methazzol-albumizi superzzatant (separated by spin- 
ning in a small ecntidfugo kept in the refrigerator) is transferred to a dry 
cuvette. In anotlier cuvette is placed 0.1 c.c. of the original serum (for the 
total pi’otein determination) and in a third cu'^etlc (for the reference blank), 
0.1 c.c. of water. To the latter two tube.s is added 0.9 c.c. of acetate-methanol 
mixture (made mixing 1 volume of acetate buffer, 7 volumes of aqueous 
methanol, both prepared according to Pillemer and Hutchinson, and 1 volume 
of watez’)- To all envettes arc added with mixing 4.3 c.c, of 3 N sodium hy- 
droxide and 0,7 c.c. of 1 per cent copper sulfate. After just fifteen minutes the 
transmittances ai’e detei’mincd in a photoelectric colorimeter or spectropho- 
tometer, The absorption maximum is at a wave length of about 555 millimicrons. 

Tlie colorimeter is calibz-ated bj' measuring transmittances of several 
dilutions of a serum whose protein content lias been determined by' the KjeldaW 
metliods. The figures read from the curve I'clating log transmittance to per cent 
protein are halved for the albumin determination. With lactescent or highly 
icteric sera one may add 2 c.c. of ether as suggested by Kingsley'. However, the 
correction of + S per cent used by Kingsley' is omitted since dilution produced 
by dzssolutiozi of ether is approximately' coznpensated by extx’action of methanol 
(Table I). 

With the spectrophotozneter*' at wave length 555 millimicrons, a linear rela- 
tionship was obtained between log ti’ansmittance and concentration, the color 
being about 6 per cent more dense than that obtained in the absence of methanol. 


From Tlie Mary rmogrene Bassett HospItaZ. 
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DETEBMINATION OF SERTJJI ALBtTMIN 


917 


Table L Effect of Ethee Abditiok Upon Teansmittakce Obtained With Serosi 


SEEUir 

PER CENT transmittance 

ether not added I 

ETHER ADDED 

1 

31.3 

31,3 

2 

36.3 

35,9 

3 

30.8 , 

29,9 

4 

26.5 

26.0 


Table U. Cohpaeison of Albushn Found in Methanol Filtrates by Bidbet Eeaction 

AND BT EjELDAHL TECHNIQUE 


PER CENT SERUM ALBUMINS FOUND 


SERUM 

1 BY KJELDAHIi 

1 BT BIURET REACTION 

5 

2,87 

2.8 

6 

3.34 

3.3 

7 

2.42 

2.3 

S 

3.69 

3.8 


The presence of methanol apparently did not reduce the accuracy of the biuret 
method (Table II).. 

SUMMARY 

The biui-et method of Kingsley has been adapted to the measurement of 
serum albumin in filtrates obtained by methanol by the method of PiUemer 
and Hutchinson. 
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OXYGEN CONSUiAIPTlON AND J3IIUG ACTION: A JIETIIOD FOR 
SIEASUKEI^IENT OF THE IHiSPIEATION OP AQUATIC ANIMALS 

W. A. Robbie, Pii.D., axp P. J. LEiNn:i,uEi{, jM.D. 

Iowa Citv, Iowa 

M any drugs aftect tissue respii’ation, and in order to study tlie relationship 
between drug action and cellular metabolism it is frequently neeessarj’ 
to make measurements of the rate of oxygen consumjition. AVitli isolated cells 
or tissue slices the "Warburg manometi'ic technique is applicable; liowever, idth 
larger intact organisms it is impractical to maintain oxygen equilibrium by shak- 
ing the immersion fluid, and some other met bod must be used. A modification 
of the constant-flow manomctric rc.spiromefor, described ju'cviously for use with 
small mammals,^ has been shown to be suitable for tin's purpose. The method 
is simple and determinations may be made at fi-cqucnt intervals. This article 
describes the technique and presen t.s illustrative I'osults obtained with the frog 
and the quahog, Venus mcrccnaria, using hydrocyanic acid as the experimental 
drug. 

Pig. 1 is a photogra])li of the equipment in operation. It consists essentiall} 
of three plastic chambers immci’sed in a constant-temperature Avatcr hath. 
Two of these are connected with a pump that continuously circulates air tliroiigh 
them, and the third chamber is attaelied to a "Warburg manometer and acts as a 
thermobarometer. Tlie chambers arc made of hich Incite tubing with Vs 
inch walls, closed at the bottom witli a plate of plastic. They fa.sten tightly to 
the % inch top plate bj' means of a simple inclined plane-locking device. Tms 
connection is sealed ivitli a lanolin-petrolatum-minoral oil mixture each time 
the chambers are closed. 

Air from the pump bubblc.s tlu’ougli the water in the first chamber, which 
contains the experimental animal, and tlien passes tlirongh a connecting 
tube to the second chamber. Carbon dioxide is removed from here by a tube o 
5 per cent potassium hydroxide solution and an alkali-soaked gauze. The air 
is then led back to the pump through a thick-walled capillary tube and repeats 
the circuit. A lead from the top of the second chamber goes to a "Warburg 
manometer, and any change in pressure within the system is thus observable. 
Since the cai’bon dioxide is absorbed and the temperature remains constant, 
the pressure changes (after correction for barometric changes recorded by the 
tbermobarometer) arc due to oxygen consumption by the animal in the water. 

Air is circulated through the sj'Stcm by a rubber-tube pump which delivd’s 
about 250 c.c. a minute. A % by 22 ineli piece of soft gum rubber tubing 
is coiled once inside a cylindric bole in a wooden block, w'itli each end passing 
through the block and attacliing to glass connecting tubes. The air is con- 
tinuously driven through tlie rubber tubing by a free-moving wooden roller 
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wMeli pushes the air ahead of it as it squeezes the rubber. This roller is driven 
by friction contact -n-ith another roller of about the same diameter, which is 
connected to the driving motor "with a rubber coupling. The driving motor is 
one that is used for a 'Warburg manometer shaker and has a gear reduction 
which gives a speed of 120 revolutions per minute. 

When the closed arm of the manometer is reset to the starting level before 
each reading, the sj'stem constitutes a constant volume type of respirometer, 
and the theory is similar to that of the direct method of Warburg.^ If the 
volume and the temperature are kept constant, it is only necessary to multiply 
the thermobarometer-eorrected manometer reading by a constant to determine 



Fig. 1. — Photo^aph of closed-circuit manometric respirometer for measuring- the oxygen 

consumption of aquatic or&anisms. ' ^ 


tile amount of oxygen consumed, corrected to standard temperature and pres- 
sure conditions. This constant depends primarily upon the gas volume of 
the sjstem, and the sensitivity may be varied over a wide range by changing 
the size of the chambers or the amount of fluid they contain. The total vol^e 
may be determined easily by measuring the amount of water the system will 
hold. 


DET-Urs OF TECHNIQUE 

Oxj-gen equilibrium between tlie water and the air in the sj-stem is at- 
teined rapidly when the stream of flowing air is sufficient, and in most cases the 
lag in manometric response to a change in the re-spiration of the animal is in- 
significant. The water in the chambers should be allowed to come to the 
temperature of the Ihermorcgulatcd bath before the initial readings are taken. 
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To maintain an equivalent vapor tension, tlie tjiermobarometer chamber should 
contain a small quantity of -water. 

Addition of oxygen to replace that which has been used by the animal is 
made by means of a rubber ane.stlie.s’ia bag filled with the gas and attached to 
the top opening of the manometer. The system is brought back to the original 
o.xygcn tension at any time by simply turning the stopcock of the manometer and 
allowing the gas to flow in. 

Removing the carbon dioxide from .sea water Icad.s to an increase in alka- 
linity,® and since the potassium hydroxide in the second chamher combines with 
this gas, a change in pH may occur if marine animals are being studied, A 
buffer may be added, ■* but ordinarily this is unnecessary, since the carbon dioxide 
production of the re.spiring material is usually sufficient to maintain equilibrium. 
When the volume of the liquid is relatively large, the change in pH is insignifi- 
cant for experiments of a few hours’ duration, even if there is little carbon 
dioxide production. 

Several connections arc made with rubber tubing, and it is advisable to 
test the equipment oecasionall3’' for leaks. This maj' he done by setting it up 
without respiring material and comparing the readings with those of the 
thermobarometer. If the pump is -n'cll made and a good quality of gum 
rubber is used, the pump tubing -will nm for months before it requires replace- 
ment. 

The apparatus is particularly well suited for observations of the effect of 
cyanide on oxj’-gen consumption. This maj' be done bj* inserting a bubbler of 
calcium C3’anide'ealcium hydroxide mixture in the second chamber to add 
hydrogen cyanide gas to the air after the carbon dioxide has been removed. R 
has been sho^vn that the hydrogen C3mnide tension of such a mixture vanes 
with tlic concentration of the calcium cyanide and witli the temperature/ an 
it is thus possible, hy use of the proper solution, to maintain a constant con- 
centration of cyanide in the animal chamber and still remove the carbon dioxide 


Table I. Calctum Ctanibe Soldtions tor Maintainino Cvanide EQurLiBRinst 
■With Water at 20” C. (Arrr.oxiMATELT lo Per Cent Calcium 
HYD noxiDE Suspension Inclupeb in Each One)* 


calcium cyanide 


CONCENTRATION OP 
HCN IN WATER 
(M.) 


concentration 

FOR EQUILlBRIOJf 
(M.) 


0.010 

0.0046 

0.0022 

0.0010 

0.00046 

0.00022 

0.00010 

0.000046 

0.000022 

0.000010 

0.0000046 


1.41 

1.23 

0.87 

0.56 

0.31 

0.16 

O.OSO 

0.04S 

0.026 

0.014 

0.0074 


carbon dloxIde-free air Is bubbled through the calcium cyanide solutions listed 
the second column. It may then be passed through the hydrocyanic add solutions listed 
the first column without changing their concentrations. 
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whicli is produced. In Table I is listed a series of calcium cyanide-calcium 
hydroxide mixtures with their respective hydrogen cyanide equilibrium levels 
for either fresh or sea water at 20° centigrade. 

In the cyanide experiments, a measurement of the oxygen consumption 
under control' conditions is made first; then the proper quantity of a hydro- 
cyanic acid solution one hundred times the desired final concentration is added 
to the water in the animal chamber through one of the top tubes. At the 
same time a clamp on a Y tube leading from the second chamber is closed 
to mahe the carbon dioxide-free air bubble through a tube containing 30 c.c. of 
calcium cyanide-calcium hydroxide mixture and then through a small tube of 
boric acid solution (which removes any ammonia that may be liberated from 
strong cyanide solutions). In this way the gas which returns to the animal 
chamber is always in equilibrium with the fluid in it, and even though the 
experiment is continued for hours, the concentration of the liquid will not 
change. 



HOURS 


Fig. 2.— Respiration ot the quahog. Venus mercenaria, as determined by the manomelrlc 
respirometer. Ordinates Indicate the change In the level ol the manometer fluid at the times 
shown on the abscissas. 


EXPERIMENTAL RESULTS 


The apparatus has been tested in a variety of ways, and some of the ex- ' 
perimental results are sliown in Figs. 2 to 4. In Fig. 2 is iUnstrated the meas- 
nrement of the oxygen consumption of the quahog or clam, Venus mercenaria. 
On the lowest curve is plotted the change in manometer reading with time 
tvhen the chamber contained one animal in 1 liter of sea water. The middle 

curve shows the measurement when two animals were included, and the ton 
curve that for four specimens. ^ 


In Fig. 3 are shown data from 
of cyanide on the respiration of tlie 


an experiment whicli demonstrates the effect 
quahog. Points along the upper cnive were 
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Pig. 3.— Oxj’gon conKunipllon of an adult qunliog during n control period and while It t'lis 
Immersed In 0.0001 M. IICN In sea water. 



Fig. 4. — ^Manometric measurement of the oxygen consumption of a frog for oon^l 
period during immersion In 0.001 M. HCN and for a recovery period after removal oi 
cyanide solution. 
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obtained during the control period. When enough 0.01 M. hydrocyanic acid 
was added to give a final concentration of 0.0001 M., the respiration fell off 
markedly as indicated by the loiver curve. 

In another experiment, a frog was allowed to sit on a platform half sub- 
merged in 1 liter of tap water. The cuiwes in FJg. 4 show the eoui-se of the 
control respiration, the effect of adding cyanide (0 001 M. final concentration), 
and the course of the reeoverj’ after the water containing -the cyanide was re- 
placed with fresh water and the stream of hj’drogen cyanide gas was shut off. 

These experiments demonstrate the sensitivity of the method and illustrate 
the consistency of the results. 


SUMMARY 

An apparatus is" described for making continuous measurements of the 
oxygen consumption of aquatic organisms. It is essentially a constant volume 
closed-circuit respirometer with a continuously fiowing stream of air and 
manometric measurement of pressure changes. The sensitivity may be varied 
by adjustment of the volume of the system. It is useful in cyanide inhibition 
studies, for which purpose a table of calcium cyanide-calcium hj’'droxide mix- 
tures that will maintain hydrogen cyanide equilibria is given. Illustrative 
experiments are reported. 

The authors msh to thank Mr. Lee Allen for constructing the equipment. 
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THE iMETHYLENE BLUE TEST FOll BILIK UBINUEIA: CLINICAL 
AND SPECTKOPHOTOMETRIC OBSERVATIONS 


Gohdon D. Stokis, ALD.,« Eari, E. Gambili., Ar.D.,t and 
Arnoi.d E. OsiniHKRo, Pn.D.|: 

HociiESTrai, AIinn. 


F RANKE/ in 1931, described the metlo'lene blue test for the detection of 
bilirubin in the unne. In 1940 Poord and Baisinger- made a comparative 
study of the Roscnbacli, iodine, Aliiller, Iluppert, Nakayama, Hunter, Nau- 
inann, Eins, Harrison, and methylene blue tests for bilirubinurin. Tiiey re- 
ported the niethj’lene blue test to be as sensitive and as satisfactory as any 
of the nouconcentration methods. 

The present study was prompted by the appearance in the literature in 
1945 of two reports in which tlie mctliylene blue test was employed with use- 
fulness. The first report is that of My'ers,^ who used tlie test among employees 
working with tetraehlorethane and thereby subject to toxic hepatitis from 
such exposure. Wo were impressed with the finding that in some cases the 
result of the test became positive before the appearance of icterus and in some 
cases even prior to elevation of bilirubin in the serum. Also impressive was 
the report that the result of the test tended to become negative prior to return 
of the serum bilirubin to a normal level. The second report is that of Gellis 
and Stokes.'* The test was employed in seventy-seven cases of infections 
hepatitis and in 1,000 eases in which normal persons served as control sub- 
jects. Of interest was the finding of a positive result in some of the cases of 
infectious hepatitis before the icterus index became elevated and the return 
to negativity as the icterus began to subside. 

PigSe"' has called attention to the fact that no chemical reaction takes 
place in the methylene blue test, since the test can be duplicated by holding 
a blue glass filter in front of a test tube containing either yellow unne or a 
solution of bilirubin. A tube containing a solution of bilirubin was immersed 
in a dilute solution of methjdene blue. Pigge noted the same green trans- 
mission band for the two superimposed but unmixed solutions as occurred 
when the solutions were mixed. He stressed the nonspecificity of the test b) 
showing that penicillin, riboflavin, porphyrin, hemoglobin, or picific acid, when 
added to urine or water, will give false positive results for bilirubin. 

Watson and associates® likewise have indicated that the test is not spe- 
cific for bilirubin, since yellow urines from normal persons and yellow sub- 
stances such as potassium diehromate or ferric chloride will produce a green 
color when added to methylene blue. These 'authors also presented evidence 
to indicate that the test is due to a blend of color rather than to a chemical 
reaction. 

Beceived for publication, April 5,' 1946. 

•Fellow In Medicine, Mayo Foundation. 

•tDlvision of Medicine, Mayo Clinic. 
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The following questions were suggested as we read the foregoing reports : 
Is the test specific for bilirubin, or wiU other substances produce a similar 
reaction? Is the green color of a positive result due simply 'to a blend of 
colors, or is it due to some type of chemical reaction? At what concentration 
of bilirubin in the urine and in the blood does the result of the test first be- 
come positive? Is there any correlation between the degree of hyperbili- 
rubinemia and the positivity of the test? If the test is so delicate for bilimbin 
that it may show a positive reaction in tirine before the serum bilirubin be- 
comes elevated and may become negative while the patient is jaundiced and 
hyperbilirubinemia is stUl present, then might there be substances other than 
bilirubin which arc responsible for the color reaction? Is the test of any value 
in estimating hepatic damage irrespective of the degree of hj'perbilirubinemia? 

MATERIAL AND PROCEDURES 

It seemed of interest to observe the results of this test on unnes from 
patients who had various tj’pes of disease affecting the liver and biliary' tree 
sufficiently' to produce jaundice or at least hyperbilirubinemia and particu- 
larly to study by means of the spectrophotometer the nature of the color reac- 
tion. For the test we have followed, in general, the procedure used by GelHs 
and Stohes.'* A 0.2 per cent aqueous solution of methylene blue chloride, was 
freshly prepared. A pipette delivering approximately 20 drops per cubic 
centimeter was used. To 5 c.e. of urine (usually, but not always, collected 
before breakfast) were added 20 c.e. of tap water to make 25 c.e. of a 1 :5 dilu- 
tion. To this solution methy-lene blue was added drop by drop from the pipette 
until the initial green color of the mixture became blue. The result of the 
test was considered positive if 5 drops or more of methylene blue were required 
to change the color from green to blue. In most instances a check test was 
run in which raethy'lene blue was added to 5 c.c. of undiluted urine until the 
green color changed to blue. The changes of color, particularly' in darkly 
colored urines, often were less distinct by' this method than by' the dilution 
method. The latter method, therefore, was selected as the one of choice. 

The clinical material on which this study' was based consisted of twenty'- 
eight patients who had conditions invoh-ing primarily the liver and the com- 
mon bile duet. In all cases there was hyperbilirubinemia. In twentr-two 
cases .jaundice was present, 

RESXmTS 

In Table I is summarized the data for the twent.v-eight cases. It should 
he noted that Cases 1 and 2 represent .ianndice due to malarial treatment for 
syphilis; Cases to 11 inehisive, jaundice due to hepatitis or cirrhosis; Cases 
12 to 19 inclusive, jaundice due to benign .stricture of the common bile duct 
or obstruction of the duct liy calculus; Cases 20 to 2.1 inclusive, jaundice due 
to enreinomatons ohstniclion of the common bile duct; Casc.s 24 to ‘>7 inclu- 
sive, jaundice of uncertain cause; and Case 5,8. jaundice due to^famili'a! hemo- 
lytic anemia. 


'J’ADt.K 1. SoMJiAiiy Of Data 


CASE 

DIAGNOSIS 

BIt.tUUUIN (MO. 
DEIl 100 0,C. Of 
.sixiim) 

lUf.r.CT |i.NT)ii;i:cT 

DItOf.S MimiYI.- 

i:ni: iii.ur. to 

25 0.0. or.iNE 
DILUTED 1:5 

1 

KKilAKKS 

1 

•laundico due to ninlnrial frcat- 
incut for Bvpliilis 

10.0 

2.5 

5 

Ninth day of treat- 
ment 

2 

Jaundice duo to malarial treat- 
ment for syphilis 

2 2 2^2 

n 

Ninth day of treat- 
ment 

3 

Intrahepatic jaundice 

10.0 

1.0 

6 


4 

Residual hepatitis with jaundice 

15.8 

3.3 

0 

Painless icterus, 
four months, re- 
current 

5 

Intrahepatic jaundice (chronic 
alcoholism) 

3S.0 

7.8 

30 

Painless icterus, 
one neck; dark 
urine, t iv o 
months 

C 

Chronic hepatitis (residuum of 
infectious hepatitis) 

25.1 

3.8 

14 


7 

Clironic hepatitis (chronic alco- 
holism) 

0.0 

0.5 

O 


8 

Clironic alcoholism, cirrhosis of 
liver with ascites 

1.0 

3.3 

4 


9 

Chronic alcoholism, hepatomegaly 

0 

1.4 

O 


10 

Cirrhosis of liver with ascites 

1.0 

1.7 

.I 


.11 

Chronic hepatitis (chronic alco- 
holism) 

19.0 2.9 

20 


12 

Cholecystitis and cholelithiasis, 
common duct stones, pan- 
creatitis, hepatitis 

0.2 

O.S 

5 


13 

14 

Subacute cholecystitis with stone, 
common duct stone, hepatitis 
Chronic cholecystitis with stones, 
common duct stone. 

1.5 0.4 

2.0 

4 

5 


15 

Stricture of common duct, bili- 
ary cirrhosis 

39.5 

3.9 

16 


16 

Recurrent stricture of common 
duct 

7.0 

0.7 

•1 Tested three wccks 

postoperative 

17 

Recurrent stricture of common 
duct, biliary cirrhosis 

4.0 

0.7 

4 


18 

Stricture of common duct 

15.3* 2.7 

3.2t 

S* 

3f 


19 

Stricture of common duct with 
external biliary fistula, chronic 
hepatitis 

1.0 

0.4 

1 


20 

Carcinoma of head of pancreas 
(three weeks after cholecysto- 
jejunostomy) 

12.4 

0.5 

3 Bilirubin was 

mg. per 100 c.c. 
of serum pr®" 
operatively 

21 

Carcinoma of head of pancreas 
with hepatic metastasis 

54.0 

13.4 

16 


22 

Carcinoma of ampuUa of Vater 

29.9 

1.4 

9 


23 

Carcinoma of pancreas (eleven 
days after cholccystogastros- 
tomy) 

17.0 

1.1 

4 Bilirubin was Di-® 

mg- per 100 c.c. 
of serum pi®" 
operatively 

24 

Hepatic metastasis, ascites, pri- 
mary in pancreas (7) 

47.6 

3.6 

25 


25 

Painless jaundice 2.5 months, 
diffuse hepatitis (?) 

54.6 

1.8 

15 


26 

Postcholecystectomy syndrome 
(recurrent biliary colic witl^ 
jaundice) 

0 

1.0 

2 No cause louna 

operation 

27 

Intermittent painless jaundice 
one month (subsiding) 

10.5 

O.S 

3 


28 

Familial hemolytic jaundice 

0 

5.1 

4 




•Preoperative. 

fPostoperatlve. 
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In 1918 van den Bergli' formulated the idea that. the kidneys are im- 
permeable at all times to indirect bilirubin, regardless of the concentration, 
but are permeable to direct-reacting bilirubin in concentrations of 2 mg. per 
100 c.c. of serum or higher. In 1921 Lepehne® and in 1925 McNee and 
Keefer® confirmed this vievrpoint. In 1933 Bensley,^® correlating the type and 
degree of hyperbilirubinemia Tvith bdirubinui’ia, observed that vrith few excep- 
tions bilirubinuria was present when the blood contained direct-reacting bili- 
rabin in any concentration. With only a few exceptions bHimbinuria was 
not present when the blood contained only the indirect-reacting tyT>e of bili- 
rubin regardless of the concentration. Lichtman'*' stated that the evidence 
from various sources indicates that the kidneys are impermeable at all times 
to indirect but are permeable to direct-reacting bilirubin in concentrations of 
2 mg. per 100 c.c. of serum or more. 


Table rt. Cojifaeisox of Degree of BiLiEiiBrN'EMiA With Dosravrn: of 
ilETHTLEXE Blue Test 


CASE 


Group I. 
9 

26 

28* 

7 

15 

s 

19 
2 

17 

16 
27 

20 
23 


irOMBER OF DROPS 

DIP.ECT-EEACTING BIUEUBIX OF ItETHVLENE BLUE 

(3JG. FEB 100 C.C. OF SEEtTM :) PArQTHSED 

Kegative Sesults (Less Than 5 Drops Methylene Blu-e) 


0 

0 

0 

0.6 

1.5 

1.6 
1.6 
2.2 
4.0 
7.6 

10.5 
12.4 

17.6 


2 

2 

4 

2 

4 

4 

1 

2 

4 

4 

3 

3 

4 


Group II. Positive PesuUs, Grade 1 (S Drops Methylene Blue) 

10 1.6 5 

14 2.0 % 

12 6.2 5 

1 10.6 I 

Grmtp III. Positive BesuXts, Grade S (€ to 10 Drops Methylene Blue) 

6 

15.3 o 

=5 S S 

Group IT. Positive TMs, Grade S (11 to U Drops Methylene Blue) 

25 lil 14 

04.6 jg 

Group r. Positive Be-s-ults. Grade 4 (le „r .More Drops Methylene Blue) 
- 19.6 

.i 3S.C 

39.5 

47.6 


21 


20 

16 

16 


54.6 


por inV ^•'^t-reacUnE: bilirubin 


16 


was zero, the indirect was 5,.i 
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In Tabic IJ tlic cases have been :in-aiJ<'e(l jn(o grouj)S aecording to 
tbc degree of j) 0 .sitivity of the resiiH of the test and the concentration of 
bilirubin in the scrum (direct-reacting type) for each in order to study the 
relationship of these two factors. 

As may be noted in I’ablc JI, the correlation l)ctween tlie degree of hyper- 
bilirubinemia and the degree of positivity of the methylene blue test is not 
perfect. TJie lack of perfect correlation is illustrated by a comparison of 
Case 22 and Ca.se 11, in which the concentrations of bilirubin were 29.9 mg- 
and 19.6 m’g. j)er 100 e.e. of .serum, respectively. The urine in Case 22 re- 
quired only 9 drops of mctlodeiic blue, while the urine-in Case 11 required 
20 drops to change the color from green to blue. Attention Is called to Cases 
IG, 17, 20, 23, and 27 of Group I, in which the bilirubin ranged from 4 to 
17.6 mg. per 100 e.e. of serum, and y'et the methylene blue te.st gave a nega- 
tive result (Ic.ss than o drojis of methylene blue). In Ca.se 23 the methylene 
blue test was made i)ostoi)eralively %vlien the concentration of bilirubin vas 
17.6 as compared with a prcoi)cralivc concentration of 54.6 mg. per 100 e.e. 
of .serum. If bilirubin spills over into the urine at concentrations in tlic blood 
serum of 2 mg. per 100 c.c. or higher, and if the methylene blue test is as 
sensitive as reports^'* imply, then it is hard to nndci'stand why the test gave 
negative results in the five cases mentioned. It might be that the renal thresh- 
old for bilirubin becomes altered in some manner as a result of severe and pro- 
longed hyperbilirubinemia. Studies in this respect would be interesting. 


Table HI. Compakjson’ or Metiitlene Blue and Nmac Acid Te.st.s 


concentration 

OF BU-IRUBIN 
(MG. PER 100 C.C. 

OF URINE) 

COLOR AFTER ADDING 

4 DROPS METHVI.ENE 

BLUE TO 5 C.C. 

OP MIXTURE 

OMEUN 'S 

TEST 

0 

Blue 

- 

O.G 

Blue 

- 

1.2 

Blue 

- 

1.7 

Blue 

+ 

1.8 

Blue 

-1- 

1.9 

Blue 

■f 

2.0 

Blue green 

+ 

2.1 

Blno green 


2.3 

Qreon 

+ 

2.5 

Green 

+ 

3.3 

Green 


S.O 

Green 

*f 


An attempt was made to determine the amount of bilirubin in the urine 
necessary to effect a positive result witli methylene blue. Some of the poole 
serum of jaundiced patients used in one of the experiments reported lier^n 
was added to normal ’urine to produce vaiying concentrations of bilirubin- 
Then these mixtures were treated both with methylene blue and with mtric 
acid on filter paper (Gmelin’s test). The results are shown in Table III- Tbe 
slightest trace of color in the Gmelin test became discernible at 1.7 mg. 

100 c.c. of urine. The result of the methylene blue test became positive when 
the concentration of bilirubin in the mixture was 2.0 mg. or more per 100 c.c. 
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of urine. It must be remembered that this is an artificial bilirubiauria pro- 
duced by direct- and indirect-reacting bilirubin, and hence .the results may 
not be applicable to the urine of a jaundiced patient. 

SPECTROTRANSMITTANCE STUDIES 

The spectrotransmittance cui-ves of urines giving positive results of the 
methylene blue test and other solutions used in the foUoving experiments 
were determined by the use of a Coleman Junior Cluneal Spectrophotometer, 
Model 6. With this instrument the percentage of light transmittance can be 
read at any vave length between 400 and 700 millimicrons. The data then are 
conveniently plotted on a graph with transmittance as the ordinate, expressed 
in percentage, and wave length as abscissa, expressed in millimicrons. Spectro- 
transmittance cum’es of urines giving positive results of methylene blue tests 
were plotted. Each showed a curve characteristic of bilirubin with the maxi- 
mal absorption of light between 425 and 450 millimicrons. The results of 
these spectropliotometric studies are sliown in Figs. 1 to 5. 

In Fig. 1 curve a represents the spectrotransmittance of urine of a nor- 
mal health}' man. Curve h shows the spectrotransmittance of 5 e.c. of urine 
from the same person, to which has been added 2 drops of methylene blue to 
produce a blue color. The addition of the blue dye causes an absorption which 
is maximal at 660 miUimierons. 

In Pig. 2 curve a represents the spectrotransmittance of urine from a 
jaundiced patient, a man who had cirrhosis of the liver. The concentration 
of bilirubin on the day of this test was 25.1 mg. per 100 e.c. of serum direct, 
and 1.8 mg. per 100 c.c. indirect, by the van den Bergh rea’ction. The urine 
was dark brown and therefore had to be diluted before the methylene blue 
test could be read. Curve h is the spectrotransmittance after 1 drop of the 
dye has been added to 5 c.c. of imdiluted urine, yielding a clear green color. 
Curv'e c is the spectrotransmittance of the solution obtained when 5 c.c. of the 
same urine were diluted with 20 c.c. of tap water and 14 drops of methylene 
blue were added to produce a blue color. Here is seen a wider band of absorp- 
tion (from 600 to 675 millimicrons) than in curve b because of greater concen- 
tration of methylene blue. 

In Fig. 3 curve a is the spectrotransmittance curve of a solution of sodium 
bilirubinate with maximal absorption between 425 and 450 millimicrons. It is 
thus seen that a solution of sodium bilirubinate produces essentially the same 
transmittance cur,'e as that of urine of a jaundiced patient (Pig. 2, eun-e a). 
Curve b represents the spectrotransmittance of a solution of methylene blue in 
distilled water. There is a maximal absorption of 660 millimicrons. Cur\'e e 
is the spectrotransmittance of a green solution obtained by adding 4 drops of 
methylene blue to 5 c.c. of the sodium bilirubinate solution. There are two 
absorption bands, one from 425 to 450 millimicrons and the other at 660' 
millimicrons, .showing that the green color is merely a blend of the two original 
colors. That there is no new snh.stance formed is evidenced bv the lack of anv 
additional absorption band. 



930 


STOKi:S, CAXinlLL, ANJ» OSTKItUP.IKi 




Wave length - mill imicrons 


FIs. 


n SDectrotransmlttance (S-T) curves. Urine from a Jaundiced patient: 

h with one drop of methylene blue added ; c, with 14 drops of methylene 


n, unniodlDeil! 


unmodified : 

:e added. 
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Fie 3, Spectrotransmittanoe (S-T) curres, a, A solution of socliuin bilirubinate; b, a solution 

of methylene blue; c, a solution of sodium bilirubinate Tvith methylene blue added. 



?• -■racial biilrubinuria with methylene 
with the same urine. '“'"Oon after further addition of methylene blue and further diluUon 
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Fig. 4 represents the results of an experiment in •which pooled scrum con- 
taining 45.6 mg. per 100 c.c. direct- and 4.04 mg. per 100 c.c, indirect-reacting 
bilirubin '-n’as added to normal urine to give a concentration of 10 mg. of bili- 
rubin per 100 c.c. of urine. i\Ieth3dene blue was added droj) by drop to pro- 
duce a green — almost blue — color. The spectrotransmittanee curve of this solu- 
tion is represented bj' curve a. Tiien more meth3dene blue was added to pro- 
duce a definite blue color. Tiiis solution was then diluted •\\nlh more of the 
normal urine, and the color returned to green. The spectrotransmittanee curve 
of the second green solution is represented by curve h. Because there lias been 
no change in the curve, it 11103- he reasoned that no new substance has been 
formed in the procedure. 



... Fie. 5.-— Spectrotransmittanee (S-T) curves, o, Urine of Jaundiced patients witil 
blue adaea ; o, another specimen of tlic same urine with metJiylene blue added Instead or 
blue. 

Urine for the determination, the results of wliich are shown in Pig- 5, 
was obtained from a patient who had jaundice due to stones in the common 
bile duct. A solution of Evans blue (T. 1824 dye) was made so that it had the 
same transmission of light as the methylene blue as measured by the spectro- 
photometer. Thus the solution of Evans blue and methylene blue were of the 
same intensity of color. Seven drops of Evans blue solution in 5 c.c. of urine 
were necessary to produce a blue color. The spectrotransmittanee of the re- 
sulting blue solution is represented by curve a, with a maximal absorption at 
about 610 millimicrons. The urine was tested also with methylene blue, and 
7 drops of the dye were required to produce a blue color in 5 c.c. of urine. The 
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spectrotransmittance curve of this solution is represented by curve b. This 
experiinent tends to support the view that the color which results when methyl- 
ene blue is added to urine which contains bilirubin is simply a blend of blue 
and yellow colors and can be duplicated by substituting a solutio7i of Evans 
blue of the same intensity of color as the methylene blue. 


• SUMMARY 

1. We did not obsen-e perfect correlation between the concentration of 
bilirubin in the blood serum and the degree of positivity of the result of the 
methylene blue test. 

2. The methylene blue test performed on urine with artificially produced 
bilirubinuria first became positive at a concentration of 2.0 mg. of bilirubin per 
100 C.C.' of urine. 

3. Under the conditions of our experiments it would appear that the color 
which results when methjdene blue is added to ui’ine which contains bilirubin 
is due to a blend of blue and yellow colors rather than to some specific chemical 
reaction between methylene blue and bilirubin. 


REFERENCES 

1. Fraake, Kurt: Methylenblau, ein einf aches sehx eropfindliches Eeagens zum Nachweis von 

Bilirubin, Med. Klin. 27: 94, 1931. 

2. Foord, A. G., and Baisinger, C. F.: Comparison of Tests for Bilimbin in the' Urine, 

Am. J. Clin. Bath. 10: 238, 1940. 

3. Myers, C. P.: Use of Methylene Bine in Testing for Bilimbin in the Urine, J. Indnst. 

Hyg. & Toxicol. 27; 52, 1945. 

4. Qellis, S. S., and Stohes, J., Jr.; The Methylene Blue Test in Infections (Epidemic) 

Hepatitis, J. A. M. A. 128: 782, 1945. 

5- Figge, F. H. J,: The Green Color of a Methylene BIue-BLlimhin Mixture, J. A. M. A. 
128: 613, 1945. 

6. Watson, J,, Meads, M., and Castle, W. B.: Tests for Urinarv Bilimbin, J. A. M. A. 

128: 308, 1945. 

7. van den Bergn, A. A. H.: Quoted by Lichtman.n 

8. Lepehne, G. D.: Quoted by Lichtman.rr 

9. McNee, J. W., and Keefer, C. S.: Quoted by Eichtman.n 

10. Benslcy, E. H.: Tlie Renal Thresliold of Bilimbin, J. Biol. Chem. 103: 71 1933. 

11. Lichtman, S. S.: Diseases of the Liver, Gallbladder and Bible Ducts, Phnadriphia" 194'» 

Lea & Fobiger, 906 pp. v j 



A SIMPLE METHOD OE DETEKMINJNG THE SPEC! PIG GRAVITY 
OI-’ SI\rALL SA1VIPLES OF HEINE 

Li;i-; Monkok, 31.1)., .vxn .I.vsik-s IIoi’Pkh, Jr.. 3I.D. 

S.vN Eit.vxn.sco, C.M.ir. 

T he (leteniiination of the s])eeific 'gravity of urine is a useful adjunct in 
.judging' renal function ; liowevcr, it Is often impossible to obtain a quantit.v 
suffieientlj" large for testing with an ordinary urinonieler. Tliercforc, any 
nicthod of determining specific gravity from a few drops of urine has possibilities 
of wide application, especially when it docs so without requiring the use of a 
timing device or chart for interpretation. 

The method de.scribcd in tliis paper is a combination of two well-known 
techniques, that of Bai-bour aud Hamilton’ and that of Phillips and associates.- 
As in testing by the cojiper sulfate Icclmiquc of Phillips, drojis of urine me 
observed in insoluble media of known specific gravities, and, as in tliat metho , 
there is no need to use a watch. Furthermore, the method herein presented can 
be used to measure the specific’ gi-avity of all watery solutions, as can that o 
Barbour and Hamilton. It does not require adjustment of jnixtnres while the 
test is in progress, as docs the procedure of Kirkpatrick aud Kling.^ 

For this determination a series of specific gi'avities covering the desne 
range may he prepared in 100 c.c. lots by mixing x.vicnc and bronioheuzcnc 
(XBB) * in the proper proportions. Solutions may be made either volumctrica J 
according to the directions given in Table T or roughly by trial witli a unnometcr 
as a guide. Tlio urine is inti'oduced most casUj\under Die surface of .sHcce.s.sue 
solutions in the graduated series by use of an ordinary di’opper, the drops boin? 
displaced from li\c tip by an upward motion. The specific gravity of the unne 
lies between that of the mi.xturc in which the drop rises and that in which i 
falls; or, if the drop neither rises nor falls in the bottle, tim .specific gra'-it’*^'* 
of the urine and mixture are identical. ^ 

With ideal temperature control of numerous aeeurately prepared Ap 
mixtures, this metliod can he made equal in accuracy to the falling drop 
determination of Barbour and Hamilton,’ Even u.sing a ronghl.v graded senes 
and with ordinary fluctuations of temperature, this jnetliod is as accurate as 
regular determinations with a hydrometer. A series of inixture.s covering ' 
range from 1.005 to 1.029, inclusive, in rongli fashion (that is, 1.005, 1.010, 
1.020, 1.025, 1.029) will give sufficient informatin to bo of clinical value. 
.improved accuracy, slight changes in specific graidtj- due to evaporation of t 
mixtures can he minimized b.y corking the bottles tightl.v and can be corrcc e 
by the appropriate addition of xylene or bromobenzene. When XBB mixtures 
ai'e used at temperatui-es vddely variant from that at whicli they were P^' 
pared, correction should be made. Thus, (he specific gravity should he chang 

^ From the Division of Medicine, University of California Medical School. 

Bcceived for puhlication. April 30, 1916. 

♦Eastman Kodak, Xylene T275, Bromobenzene No. 13. 
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SPECIFIC GPAVITV 

XYLENE 

{C.C.) 

BROMOBENZENE 

(C.C.) 

1.005 

78.18 

21.82 

1.010 

77.38 

22.62 

1.015 

76.58 

23.42 

1.020 

75.78 

24.22 

1.025 

74.98 

25.02 

1.029 

74.34 

25.66 


Thus, a 0.16 C.C. increase in the quantity of bromohenaene anfl an equal, decrease In the 
amount of xj'Iene will increase the specific gravitj' .001. 


.QQOS^ for each, degree centigrade deviation in obseryed temperature from the 
calibration temperature (that is, if the XBB mixtures ivere originally prepared 
at 22° C. and the temperature at the time the test is made is 17° C., the specific 
gravity in each of the bottles should be corrected by adding .004) , 

After repeated use the mixtures may become cloudy so that observation 
of the progress of the drops is difficult. This is due to the accumulation of 
urinarj^ sediment plus the excess of urine in the bottles. The mixtures may be 
easilj' cleaned by passing each through an average-grade £lter paper, and the 
urine may be largely removed by decanting or by using a small separatory 
funnel. 

This method, while useful in lieu of a urinometer in all determinations of 
the specific gravity of urine, has several specialized applications. The urologist, 
when called upon to test separately and comparatively a patient’s kidneys, 
will find this a most sensitive technique to use in addition to the relatively crude 
phenolsulfonphthalein test*, for with but a few drops of urine obtained from 
each ureteral catheter, he can measure accurately the tubular concentrating 
power of an individual kidney. Thus, a differential dehydration test for com- 
parison of renal function is made possible. The pediatrician irill find the method 
of value for determining the specific gravity of urine of babies and children 
whose specimens are scanty. Studies of renal fxmction in small animals also 
ivill be facilitated, as the specific gravity of urine produced by a single animal 
may be measured and reliance on pooled specimens eliminated. 

SUMMARY 

) 

A simple method for determining the specific gravity of small samples of 
any aqueous solution is presented for use in clinical and laboratory work. 
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wliich are carried by the oflicial Journal arc not only abstracted but so restated mthont anj 
factual chaiigo that the lay public can read and digest this basic scientific, economic, and 
sociological iimtcrial. It is the hope of the Gerontological Socictj', as well as the editor of 
tliis Journal, that they nuy reach an ever expanding and varied order of reader interested in 
the general theme of ageing. 

Volume 1, Numher January, of The Journal of Gerontology carries such varied 

contributions as the "Increase in Mortality ns a Jtnnifcsfation of Ageing" by Henry A. 
Simms, of the Department of P.'ifhology of Coliimhiu UnivcritUy Medical School; “Ageing is 
Is’utritionally Deficient Persons" by Tom D. Spies and Itarvcy S. Collins, of tlio Nutrition 
Clinic, nillman Hospital, Birmingham, Alabama; “Bugeting for Social Security" by V. 
R. 'Williams, Actuarial Consultant, Federal Security Agency; and "Sliakespcaro’s Attitude 
Towards Old Ago” by John W. Draper, Department of English, University of lYcst Virginia. 

The primary object of The Journal of Gcroixtology is to publish scientific papers, tho 
products of research, which have as their objective an understanding of those changes 6f 
a chemical and physical order acquired by tissue.s as tlioy advance from tlio comincncemont of 
tho life of the organism through .successive age segments towards senility and scnilo death. 
With such information this Journal would also have the high hope "to add life to years, 
not just years to life." 


Wif. »eB. jrAcNiPFn. 



THE EXPERIMENTAL PRODUCTION OF GENERALIZED ARTERITIS 
AND PERIARTERITIS (PERIARTERITIS NODOSA) 

H. C. Hopps, M.D.,*" A^'D R. IV, MTsslkr, M.S. 

Chicago, III, 

A mong the various etiologies suggested for periarteritis nodosa, allergy has 
. had a prominent place since GrubeF first suggested its possible causative 
role in certain cases which he observed. Recent clinical-pathologic studies by 
Rieh=- ^ have strengthened this view. Furthermore, Rich and Gregory'* have 
shown that lesions characteristic of periarteritis nodosa can be produced in 
rabbits by the intravenous administration of large doses of sterile, normal, 
horse serum. Such lesions followed a single dose but were seen more regu- 
larly after multiple injections of the foreign serum. The .significance of these 
observations is increased by the fact that lesions similar in many respects to 
those of rheumatic pancarditis were produced in the course of their experi- 
ments.^’ ® 

The clinical correlation of periarteritis nodosa with allergic phenomena 
of a different type has been made recently by IVilson and Alexander." who 
found that bronchial asthma was present in fifty-four of 300 consecutive cases 
of this disease. Such a relationship is not apparent in all reports dealing with 
the same problem, however, and it has beeir stated that convincing evidence 
which points to any one responsible etiologie agent is lacking. Harris, Lynch, 
and O’Hare,® in a review of the recorded clinical cases of periarteritis nodosa, 
discussed those conditions which at one time or another have been considered 
as causative. In addition to an allergic mechanism these included such infec- 
tions as may be produced by Treponema palUchim, .streptococci, viruses, and 
protozoa. They .stressed the point that the clinical . course of periarteritis 
nodosa resembles that of a generalized infection with to.xemia. Tlie fact that 
a history of allergic disease was obtained in 1.5 per cent of their collected 
cases failed to impress them. More recently. Jone.s** has reviewed this .subject 
and has considered either allergy, rheumatic fever, or infection of manj- tjTes 
as a significant prcdispo.sing factor. In his opinion, however, none of these 
emei-gcs as the dominant factor. 

Thus, although periarteritis nodosa is a distinct entity on the basis of its 
characteristic gross and hi.stologie features, it seems impossible, clinically, to 
attribute to it a single etiology. It becomes of primary importance then to 
seek the meclianism of development of this peculiar arteritis. Although this 
Patholo gic pi-oeess may he affected by a vai-iety of apparently niirelared cir- 

I'rcm the Doii.irtmrnt of Pathologj'. The rnlvcr.'-ily of ChicoKO. 

Uocthf'fl for publication, .Tunc 21, JD4C. 

.ihlohoon;"'"' Pntholow-. School of Jlcaicine. The UniverMt.v of 


Tm; .nwiiNAT. r,r l.,\i,ni:ATei:v Axt. Cu.vir.u. MmciVE, ^KrrrMur.n. 1940 . Vnt.. .^j. Xo. 9 
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cumstances, tliei-o may yel be a sinplo palhoficncsis. IJeceiit experimental data 
give support to tliis view. Tlic studio.s of IJicli aiifl Gregory, as well as llic 
ones wliieh we shall describe, leave little doubt that the intravenous admin- 
istration of large amounts of horse serum to rabbits can lead to a necrotizing 
and proliferative arteritis which, in both its acute and chronic stages, racets 
the essential micre)seoi)ic criteria of periarteritis nodosa. 

Using an entirely different npproacli, other investigators’®''^ have indi- 
cated recently that hypertension, experimentally induced, also may lead to a 
focal necrotizing arteritis and pcriarteriti.s. Smith, Zeek. and iMcGiiirc” have 
reviewed these and other similar reports. 1'hey have drawn attention to the 
fact that in all of those experiments, which imdude several species of animals 
(dog.s, rat.s. and rabbits), either hypertension or renal disea.se were pre.sciit, 
Tliey record the occurrence of periarteritis nodosa in twenty-six of sixty-two 
rats and in four of eight dogs whicli they themselves made hy])crlen.sive. In 
their c.xperimonts hyjtertension was the result of a perinephidtis induced b.v 
wrapping one kidney with silk. Geyle and I'entz" also jiroduced le.sions sim- 
ilar to those of periarteritis nodosa in rats made hypertensive by a somewhat 
different procedure. Following niiilal(‘ra] nei)hroctoiny the animals were given 
large injections of dcsoxycortieost crone acetate; lln'.s was accompanied hy an 
increased oral intake of sodium chloride. On the basis of experimental as well 
as clinical data, it would appear thcji that there is no single cfiolofUl for the.se 
focal arterial lesions. 

The following experiments represent, first, a repetition of those of 
and Gregory which, to the present lime, apparently have not been repeated 
by other investigators. Second, considcrnhle new data aj’o presented which 
include serologic studies during the deve}o])mciil of the various allergic lesions 
in the experimental animals. Third, certain aspects of our experiments have 
been designed to determine the underlying mechanisms re.s'ponsiblc for the pro- 
duction of periarteritis nodo.sa. 


M.VTKIUAU AND AIKTIIODS 

Sixteen white male albino ia))I)it.s, weifiliinK from L’.7 to .‘t,9 hilogrnms anti lionscd m 
indi%’idual wire-bottomed cages, were used. Tiiey were maintained on a commercial rabbit 
food* and water ad libitum, witli llie addition of approximately 150 Gm. of carrots two tmiCf 
per week. The liorsc serum used was sterile norinnl scrum, without preservative, and 
pooled from two sources.} A 10 per cent suspension of sterile powdered sulfadiazine wits 
prepared in a 10 per cent solution of gum acacia in order to facilitate precise oral adminis- 
tration. This relatively stable suspension was ndministered by means of a .stomach tiihe. 

Eectal temperatures wore determined at approximately !> A.sr, daily from the da)' be- 
fore the first injection of horse serum through the twenty-si.x'th day of the experiment. 
The ears of the animals were carefully inspected daily from the fifth to the tenth day 
the experiment and from the eighteenth to the twenty-fifth day for evidence of erytlienm 
and edema of the tj-pe originally described by Fleisher and .Tonestn ns characterizing serum 
sickness in rabbits. Cutaneous reactions to 0.1 c.c. of horse seriini or 0.1 c.c. of a suspension of 
sulfadiazine, injected intradermally, were observed on the eleventh and twenty-sixth days of 
tlie experiment. Tlie sites of inoculation were inspected at one liour and at twenty-four hours. 

•Alpha Flakes. , 

+Tfinfllv donated by the Research Laboratories ot Eli Lillj- and Co., Indianapolis, nwi 
and iXderle Laboratories. Inc., Pearl River. N. Y. 
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expkrimextal gexerauzed arteritis axd periarteritis 

Antibody titers to bon-c serum were dcterminefl using the collodion particle aggluti- 
nation technique of Cannon and ilarshallA* Simultaneously, and using the same samples 
of serum, we attempted to demonstrate humoral antibodies to sulfadiazine by means of the 
serologic” "inhibition" reaction. This was accomplished by making up a second series of 
dilutions of the antisera, using as the diluent a saturated solution of sulfadiazine in 0.S6 
per cent saline. This procedure allowed opportunity for the antiserum to combine with 
the sulfadiazine before the horse serum-coated particles were added. Tissues for histo- 
pathologic study were feed in Zenker'.s solution, imbedded in celloidin. and stained with 
hematoxylin and eosin. kfallorj-’s connective tissue stain, azan carmine, and A[as«on’s 
trichrome stain (Goldner’s modilication). 


E-XPEKUIEXTAL PROCEDURES AXD RESULTS 

The animals tvere divided into ttvo groups. Rabbits 1 to 10 received horse 
serum alone, while Rabbits 12 to 17 received sulfadiazine in addition to the 
horse serum (see Table I). It should he stressed that the tj-pe of experimental 
animal, various materials. dosage.s. and time intei-vals, as related to the in,1ec- 
tions of horse serum and sulfadiazine, followed, in so far as possible, those of 
Rich and Gregory.-' For reasons which will be discussed later, the rate of in- 
jection of the initial dose of horse serum was varied as indicated in Table I. 


T-vbi.e I. Time, -Amockt, akd AIohe of Admixtstk.vtiox or ICoKiiAL Horse SERUiC axP 
SULF.\DIAZIXE -tXD TIME OF DE-VEH 



^ ^^=AnimaI Died Spontoneously. 

S--same dose- 3 equally divided portions inj. over 8 hour period. 

H=some dose inj. in 5 min. «=^=SuIfadiazene.0.5 gmAg.(by mouth) per day. 
L3=SQme dose inj. in 2^ min. C;y=Sodi^ Sulfodiozene I.O qm.0.v.) 
tf =1 ml. H.S. (i.vj ©=2 ml. H.S. (i.v) 


Tlu- rise in temperature'-' and the erythema and edema of the ei 
uctcTistH-aily exhibited by raidnts following injection of large dose 


char- 

horse 
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serum, as tvell as the Artlius react ion niicl j)rceij>itii) liters to iiorsc .sertuiij 
ueic careliiJly sfudied in an allenipt to determine tlie extent of iiypci'sciisi- 
tivity e.xhibited by the animals at variou.s intervals follovinp the in.icetions of 
hoise serinn. At the conclusion of the study the cjnantitalivc charaetcr of 
the.se ante-mortem reactions was comjiared Avith the intensitA' and frequency 
of the A'ascular lesions obsei'A'od. In order to facilitate this comparison, the 
results have been condensed and labulated in Table 11. Of these data several 
points arc particularly iiolCAA'orthy. Tt is quite apj)areut that the auiinal-s 
receiA’ing both sulfadiazine and horse serum, as compared AA’ith those Avhieh 
receiA'cd the same doses of hor.se scrum alone, exhibited a markedly' loAA'cred 
])recipitin titei', temtjerature response, etc. A'ol only Avere these allergic and 
serologic reactions to horse serum consistently ]cs.s, as judged by the obser- 
vations )nade before death, hut the fi-equeiicy and intcn.sit.v of the vascular 
lesions Avere also much less in the group that received liorse' serum and .sulfa- 
diazine. Tt appears thus that there is a gross correlation lietAvecH antibody 
response and the extent and degree of ai-tcritis folloAving the injection of large 
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amounts of horse serum. When cither of the groups is studied alone, however, 
it becomes apparent that there is no consistent correlation between ear reac- 
tions, Arthus reactions, or precipitin titers and the type or extent of vascular 
response apparent at autopsy. The temperature rise vhieh oeeun-ed follovnng 
the fiivst injection of hoise serinn, in the animals receiAung horse serum alone, 
did tend to parallel the degree and extent of arteritis observed at death. '\\ e 
cannot explain the marked diminution in car reactions following the second 
large dose of horse serum, unless the reactions were all of the “immediate” 
type’' and hence so tiansient as to escape our daily observations. 

In addition to the data reeoided in Table 11, skin tests performed with a 
10 per cent suspension of sulfadiazine in saline on the eleventh day of the 
experiment uerc negative in Rabbits 12. 15, and 17 Init were doubtfully posi- 
tive in Rabbits 13, 14. and 16 In these latter animals a 5 by .5 mm. area of 
edema and slight erythema was ohseiwed at twenty-four hours, whereas similar 
intraeutaneous injections in foui animals which had received no sailfadiazinc 
preriously produced no reaction. Attempts to demonstrate circulating anti- 
bodies to sulfadiazine by means of the serologic “inhibition” reaction, utilizing 
serum obtained on the fifteenth day of the experiment, uere completely unsuc- 
cessful. Under these conditions, inhibition of the precipitin reaction might 
lla^c been expected, if antibodies had been fonned to a sulfadiazine-hoi-se senun 
complex. 

Yet anothei ante-mortem observation of eonsideiable interest was the ap- 
pearance of a maeulopapular eiythematous eiuption over the abdomens of 
four rabbits following the second large injection of hoise serum (nineteenth 
day). The hair had been clipped nine days earlier in preparation for .skin 
testing; at the time of the eiythematous response the Arthus reaction had sub- 
sided completely. This eiuption appeared in Rabbits 2 to 4 from the twenty- 
first to the twenty-third day and was seen on the twenty-second and twenty- 
thiid days in Rabbit 9. following which it faded rapidly. The eiythema w'as 
maikcd, and tlicie was no indication of trauma nor other extraneous stimulus 


as a cause. ATliy the eais of the rabbits did not react at the same time is diffi- 
cult to explain, but the time of appeal ance and disappeai’ance of this rash 
coiiesponds so well with that of “accelerated scrum sickness” in rabbits,’® 
which might he expected following this second injection of horse senim. that 
it is difficult for us to dismiss the lesions as coincidental. If the aural erythema 
and edema dcsciibed by I=lcisher and Jones”’ is analogous to human .serum 
sickness, one would expect that it would not necessarily be localized to the 
ear of the lahbit. A biopsy of this deimal lesion from Rabbit 2 was obtained 
on the twenty-thiid day of the experiment. IMicroseopic examination lerealed 
a snpci final deimatitis characteiized by moderate diffuse infiltration of leuco- 
cytes. edema, and a pionounecd hjpciemia of the small reins Uost of the 
infillialimr cells weie monomicleai. although polymorphonueleav leneoevtes 
weie piesent. In the snhdeimis the collagenic fiheis weie swollen and vanio- 
Inled and occasional aims cxhihited fibiiiioid ncciosis The inflammatorv 
Pioccss dimnns n, mtcnsitr in ,hc subcutaneous icgion where it was locai- 
i/ed ahmil small blood \csscls. cliictiy reins fFirr, T), 
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. 2, twenty-third day. Biopsy ot erythematous eruption of shin .showing 

innitration by lynipliocytes, focal area.s of necro.sls, edema of tiie .superfleial dermis, and hy- 
peremia (X123). 



jrljf, 2. — Rabbit 9. twenty-sixtli day. Section of a coronary artery showing marked 
leriarteritis and necrotizing arteritis with almost complete occlusion of the lumen I)y inflltrat- 
iig cells, most of which arc lymphocytes and macrophages (X155). 





Fig. 3. — ^Rabbit 9, twenty-sixth day. Section o£ the pancreatic artery showing marked fibrinoid 
necrosis of the media accompanied by a marked arteritis and periartentis (xlSO). 
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Gross Findings. — ]\Ioc]o]';i)e to Jiiarkod cnlargcineiil of llio .si)]c‘pn was flic 
most constant gross finding. In addition, four of tlic si.v animals (]?a1)l)its 12 to 
15) receiving .sulfadiazine showed moderate to marked enlargement of the kid- 
ney.s. Cut surfaces e.xhihitcd a yellow-wJiite granular ])recipitate arranged in 
strands paralleling the long axis of the pyramids. In four animals (Kahbits 3. 
12, 14, and 16) the thymus was markedly atrophic. Two animals of the group 
(Eahhits 13 and 1C) receiving sulfadiazine ])re.sentcd marked pulmonary edema 
and hyperemia. These animals were the two which had I'oceivcd sodium sulfa- 
diazine intravenou.sly on the nineteenth day; they died nno.xpeetedly on the 
twenty-eighth and twenty-fourth day.s, re.spectively. Slight parasitic infection 
of the liver or mesentery was observed in four animals (Eahhits 1, (S. 9 and 14). 
In one ease the organisms were identified as encysted tapcwoi'ins and in another 
as coccidia. None of the arterial lesions described below was grossly apparent, 
and there were no obvious manifestations such as thrombosis, infarction, aneu- 
rysm formation, or hemorrliage which might have suggested their ])rescnee. 

Microscopi c Find ings . — 

Heart and Blond Vessels: Va.scular intlammatory changes similar to those 
described by Eieh and Cregory were the most frequent lesions encountered. 
Only one animal (Eabbit 9), however, showed a marked generalized necrotizing 
artci'itis (Figs. 2 to 4). These lesion.s wei-e seen in the small and mec)iuni sized 
arteries of the heart, liver, pancreas, spleen, thymus, and lymph nodes. Some 
of the larger arteries showed focal ncci’osis and acute inflammation of their walls 
(Fig. 5). Acute and subacute periarteritis, characterized by polymorpho- 
nuclear and/or mononuclear leucocytic infiltration of the adventitia, Avas seen 
in eleven of the sixteen animals (Fig.s. 6 and 7). ProliferatiA’e lesions of the 
endothelium and chronic inflammatory ehanges of the media and adventitia 
Avere commonly obseiwed (Babbits 2, 7, 9, 10, and 14). In these, the cellular 
infiltrate Avas composed of lymphocytes and macrophages predominantly, and 
thei’C Avas msually an associated medial and periarterial fibrosis of varying 
degree. The earliest changes appeared to be a “loosening” of the adA'cntitial 
eonnecth’e tissue AAoth edema and a delicate infiltration of monocytic eelks. 
Accompanying this, a similar change in the Juedial layer Avas often observed. 
This apparently preceded the fibrinoid necrosis and actual disruption of the 
media. Aecompanjdng the neei'osis there Avas proliferation and intercellular 
edema of the endothelium. At this stage cellular infiltration Avas often A'cry 
mai’ked, and there Avas an almost complete obliteration of the vascular lumen 
(Figs. 2 and 4). Fibrosis of the media and adA'cntitia appeared to be a sequel 
to this. These A'arious stages of arteritis Averc most frequently seen in the 
heart, although the.y AA'ere observed in other organs. This distribntioji is simi- 
lar to that reported by VaubeP” and by Miura^” Avho produced arteiial lesions 
in rabbits by repeated injections of foreign serum. Focal pej-iplilebitis of a 
slight degree Avas observed in seAmral instances. 

Lesions Avith some of the characteristics of Aschoff bodies Avere encoun- 
tered occasionally (Fig. 8). Unfortunately, our obseiwations did not include 
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ndequate liislologie sliuly, of llie heart valves. Twelve of the sixteen animals 
exhibited a slight to moderate focal interstitial myocarditis (Fig. 7). These 
lesions consisted of doJiscj accumulations of intlammatory celhs, predominantly 
lymphocytes and plasma celhs. fn one animal (Jlabhil 14) there was marked 
medial necrosis of the aorta Avhich re.sembles that described by Krdheiiir' and 
by Moritz.^- This lesion was .seen in the ])roximal de.scending aorta and af- 
fected the midportion of the media. Jt involved the entire circumference, and 
many small cystic areas were seen (Fig.'O). There was no .signitieaiit inflam- 
matory reaction. The aorta of Kabbil 15 .showed a le.sser degree of medial 
necrosis; hei'o the process was focal and ,'api)cared more acute. There was 
fibrinoid necrosis of the eollagenic and elastic fi.ssue of the media accom- 
panied by aji infiltration of large cells which I'esembied Anitschkow myocyte.s 
(Fig. 10). Sections of aorta were available from only eight of the .sixteen 
animals. 

In addition to the vascular lesioJi.s, the following pathologic changes war- 
rant special comment. 

Kidncux: Five of the six animals which iceoived sulfadiazine showed mod- 
erate to marked obstructive ncidiropalhy from sulfadi.-izine (Fig. 11). Obstrue- 
tiiniybf. the collecting tubules by ery.stals of the drug had })roduced marked 
dilatation of the proximal i)ortion of flic nephrons. In addition, the epithelium 
of the collecting tubules ad.iaeent to the impacted crystals showed rather marked 
degeneration and necrosis in some areas; in other areas there were foci of marked 
ejiithelial hy])erplasia. Another striking change observed in the kidneys was a 
moderate to very marked proliferation of the juxta-glomerular aiiparatus. Thi.s 
occurred in approximately one third of the animals (Fig. 12). The .significance 
of this finding will be discussed later. Focal acute glomerulitis with occasional 
.synechiae and a rare instance of “cro.sccnt*' formation were observed in four 
animals (Babbits 1, 3, 8, and 9). In two of the.se animals (Babbits 1 and 8) 
there was, Avithin tubules considerable protein precipitate and a few erythrocytes. 

Spleen: In addition to a fairly constant follicular hyperjilasia, there was 
proliferation of loose connective tissue about many of the Jlalpighian arteries 
appearing as a relatively cell-poor, net-like central area within the corpuscle. 
The splenic sinuses of many of the animals contained an increased proportion of 
polymorphonuclear leueocyte.s, and in some there was considerable blue-staining 
granular material resembling nuclear debris, inuch of Avhich was within macro- 
phages. This latter change was seen most frequently in animals which died 
shortly (one or two days) after in, 7 ection of horse serum. 

Liver: Although the majority of the animals showed a slight to moderate 
increase in fibrous connective ti.ssue in the portal triads, accompanied by focal 
collections of inflammatory cells, the significance of these changes Avas obscured 
bA’ the parasitic infection present AAuthin the group. Occasional areas of recent 
or healing focal necrosis, not in association Avith portal triads, Avere obserA’cd in 
three animals (Babbits 1, 6, and 9). Hartley and Lu.shbauglr^ have reported 
focal hepatic necrosis in hy])er.sensitiA’e rabbits folloAving injection of specific 

antigen. 
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Srrona Membranes: Focal fibrous lliidceniii'' of Ihe peritoneum associated 
with sliglit eclhilar infiltration (lymphocytes and polyinori)liomiclears) were 
seen in five animals. 

Bone ^[arro^v: Althougli lencocylc or erylhroeylo counts wore not deter- 
mined in this serie.s, a marked liyjmjila.sia of tiic femoral marrow was observed 
in one animal (Rabbit 16). Death in this animal apparently rc-sulted from an 
overwhelming pulmonary infeotinn. In s})ile of the largo numbei's of bacteria 
which were ])rcscnt. in the jn-otein-rieh edema tluid of the lung, no polymoridio- 
nuclear leucocytes were evident. This a])pearanec is quite typical of that ob- 
served in human beings dying of agranulocytosis (malignant granulocytopenia). 
No polymorphonuclear leucocytes were seen in this very hypoplastic femoral 
marrow. Hypoplasia of the marrow was encountered in two other animals of 
the group which had received sulfadiazine and horse scrum. Additional experi- 
ments to delcmine more precisely the elTcct of such treatment upon circulating 
leucocytes and the bone marrow have been performed and will be reported later. 

Discrssiox 

We have demonstrated that large doses of hoi’se serum given intravenously, 
alone or in combination Avith orally administered sulfadiazine, will produce ar- 
terial lesions in rabbits which appear identical with those of ])criarlcritis nodosa. 
This confirms the observations of Rich and Gregory.'* This fact in itself docs 
not, hoAvever, ansAver the folloAving questions: Is the infljfmmatory Wsp'onse 
due to a focal “hj’perscnsitiA'c” reaction? If .so. Avhy does it localize in .small 
and medium-sized arteries rather than in those organs Avhich are thought to 
form antibody and Avhieh presumably contain antibody in greater concentra- 
tion (spleen, l 5 nnph nodes, lit'cr, bone marroAv) ? If, on the other hand, these 
arterial lesions are due to the intraA-ascular action of a toxic antigen-antibody 
complex, AA'hy are not the most marked lesions i>roduccd Avhere the circulation 
is sIoAvest and the A'essels most delicate (A'eins and capillaries) ? 

The fact that hypej'sensith’ity is associated Avith a Avide A’ariety of inflam- 
matory lesions has been Avell established experimentally. The most familiar 
of these are: (1) the Arthus phenomenon, Avhich can A'ary from a focus of 
slight erythema to a massiAm hemorrhagic and necrotizing lesion, and (2) the 
Auer phenomenon, in AA'hich localization of the allergic reaction can be brought 
about independently of any local instillation of antigen or antibody and in 
Avhich the lesion may be principally pi-oliferative in certain stages. In experi- 
mental animals, glomerulonephritis, a proliferatiA'e inflammatory response, can 
be produced by allei’gic reaction using nephrotoxiu (antibody specific for 
renal tissue). From a clinical aspect, the direct relationship of .serum sick- 
ness, asthma, contact dermatitis to the liypersensitiA'e state has long been cau- 
dent. With reference to the specific problem of periarteritis nodosa, hoAvever, 
one might ask Avhy this disease, if it has an allergic basis, does not occur more 
often folloAAung such routine clinical procedures as passive sensitization Avith 
antitetanic horse serum. We are inclined to agree AA-ith Rich and Gregory 
that it is probably a matter of dosage. In this laboratory Ave had not pre- 
viously obsei’Amd vascular phenomena of the sort described here, although in 
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mimeroRS instances rabbits bad been injected repeatedly ivith various antigens 
including horse serum ; never before, hoivever, had such large doses of antigen 
been given. The tjTie of antigen employed is unquestionably important also. 
Horse serum, with its relatively large molecular components, has been shown 
to persist in the circulation of a normal rabbit for fifteen days or longer.*^’ 

Its disappearance at this time coincides with the development of active im- 
munity. 

Ante-mortem observations made during the course of our experiments 
demonstrate that circulating antibodies to the horse serum were present while 
the vascular lesions were developing. A state of hypersensitiinty was demon- 
strated also by the positive Arthus and ear reactions, and the elevations of 
temperature obsem’cd. The lack of quantitative correlation betAveen these 
reactions is probably dependent upon the fact that horse serum contains 
multiple antigens. Thus, it is possible that the various manifestations may 
have been related to different antigen-antibody reactions. For example, one 
component, oi the serum might have been principally responsible for the tem- 
perature response and another for the ear reaction. In this regard, it is of 
interest that Jones and Fleishei"® found that the pseudoglobulin portion of 
horse serum contained the substance responsible for "serum sickness” in rab- 
bits. It is pertinent also that various procedures used commercially in the 
treatment of immune serums etfect a marked reduction in the "serum .sickne.s.s 
factor” Avith but little apparent effect on the antibody fraction. Further ex- 
periments are indicated to determine AA-hether single purified proteins in large 
doses can produce an ai'teritis and periarteritis. Under the conditions of such 
an experiment, quantitative eoirelation among the A'arious immune and al- 
lergic reactions might Avell he apparent. 

Concerning the vascular localization of these inflammatory lesions, Ave 
originally considered that there might haA'e been an initial injury to small 
arteries and arterioles resulting from the sudden infnsion of a large amount 
of serum (an amount equal to approximately one-seventh the total blood 
volume). A necrotizing antigen-antibody reaction localizing at such a site 
of injm-y Avould be someAvhat comparable to that illu.strated by the Auer 
phenomenon.-' Accordingly, the rate of the initial injection of hor.se serum 
Avas Avidely varied in our rabbits in order to produce differing degrees of A-a.s- 
cular “oA'erloading.” It Avas found that the rate of infusion (Avhether two 
and one-half minutes or over a period of eight hours) bore no relation to the 
scA-erity of the arterial lesions that resulted. 

Since a characteristic response to anaphylaxis in rabbits is spasm of small 
arteries and arterioles,-^"-'’ it is possible that the combination of circulating 
antigen AA-ith antibody, as it is sloAvly formed and liberated, might lead to a 
persistent diffuse or focal arterial and arteriolar spasm. Certainly the aural 
changes described by Fleisher and Jones,’® as characteristic of senim sickness 
in rabbits, indicate a maiked A-ascular response. The fact that Rich and 
Gregmy lost three of fourteen animals from anaphylactic shock at the time 
of the second and third injections of hor.se serum demonstrates that this 
mothotl of sensitization can prepare rabbits for this type of allergic reaction 
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III our series of sixteen rabbits, none died of anaphylaeUe sboek. altliougli 
three exhibited moderate dyspnea after tlie second injection. 

The ob.scrvat ions’"'” tliat vascular ]c.sions, similar in many respects to 
periarteritis nodosa, can follow experimentally induced renal hypertension in 
rats, rabbits, and dop-s contributes additional evidence that vascular spasm 
may provide a locus vthioris rcsisiculuie in eflVetinp: the localization of inflam- 
matory reaction to small arleric.s. Wilson and Byron” have suggested that 
marked arteriolar constriction and the accompanying hyjiertension act together 
to produce arterial necrosis in hypertensive animals, Othei-s stiess the fact that 
in the majority of instances in which necrotizing and ])rolifera1ive arteritis com- 
plicates experimentally induced hyperten.sion, there has been an associated in- 
fectious process.’*' ”*■ It is altogether jmssiblc that such infectious lesions pro- 
vide the stimulus for hypersensitivity which, in conjunction with aiteriolar 
sjjasm, effects an allergic arteritis. It may be that the very marked liyperplasia 
of the juxta-glomcrular apimratus which was observed in a number of our 
animals Avas evidence of hypertension. IIy])er])Iasia of the juxta-ehmierular 
apparatus, similar to that observed here, is freipiently seen in human ca.ses of 
hypertension and is an almost eon.stant feature of some types of ex])erimcntal 
hyperten.sion. If has been .sugge.sted that in such instances this myoneural 
apparatus causes a persi.stent .spa.sm of the afferent glomerular arterioles and 
produces renal i.schcmia which is in turn re.sponsible for hyiierfension. We are 
inclined to believe that arterial injury from prolonged constriction or .spasm 
maj'' provide a localizing mechanism Avhieh contributes to the development of 
periarteritis nodosa. The frequent occurrence of hypertension in periarteritis 
nodosa is Avell known. Of 177 cases of human periarteritis nodosa reviewed by 
Logue and jMullins,^' 5.3 per cent exhibited hj'pertension. Of the eleven cases 
which they themselves carefully studied, they state, ‘‘Tlyjjcrtension was pres- 
ent in every patient at some time during the cour.se of the disea.se.” Stixdies 
are in progress to determine whether or not experimentally induced peri- 
arteritis nodo.sa is accompanied by hypertension and, if so. Avhefher the hyper- 
tension exerts some causal influence or is simply an eflfect. 

The mechanism previously described Avould seem to explain the marked 
similarity between those vascular lesions resulting from experimental hyper- 
tension and those observed in rabbits following large doses of a foreign serum. 
The medial necrosis observed in the aortas of Rabbits 9 and 15 might be e.x- 
plained on a similar basis except that here the arterioles of the vasa vasorum 
were invohmd. 

Our observations differ in several respects from those of Rich and Greg- 
ory. They found that animals Avhieh received both horse serum and sulfa- 
diazine exhibited widespread necrotizing and inflammatory arterial lesions of 
essentially the same type and degree as did those animals which received only 
horse serum. In our scries this was not the case (Table II). IIoAvever, Rich 
and Gregory found that the daily administration of 0.5 Gm. per kilogram of 
sulfadiazine Avas not toxic to rabbits; Avhereas five of the six rabbits in our 
series Avhich received this dosage died before the end of the experiment, and 
at autopsy they pi'escntcd a moderate to marked obstructive nephropathy 



nXI’l'.UIMKNTAL GKNERALlZnJ AKTEUITIS AND I*P:RIARTF,RIT1S JdD 

due to the presence of sulfadiazine crystals in the collecting tubules. It is 
possible that this toxic reaction may have so injured the affected animals that 
their ability to produce antibodies rvas considerably depre.ssed. leading in 
turn to diminished allergic response and the less severe arterial lesions vhich 
occurred. The vascular lesions observed by us were qualitatively tne same as 
those described by Ricli and Gregory, but even in the animals receirung horse 
serum alone they were not as numerous nor were they so generalized. Corre- 
spondingly, the febrile reactions and erythema of the ears which we observed 
appear to have been somewhat mildei*. Careful histopathologic examination 
did not reveal the acute diffuse glomerulonephritis which Eieh and Gregoiy 
observed in ten of their fourteen animals. In four of our rabbits there was 
microscopic evidence of focal glomeioilitis, with an occasional sjniechia and a 
rare instance of crescent formation. In two of these animals eiythrocytes and 
hyaline casts were seen in the tuhules. However, the focal nature and mild- 
ness of these lesions were remote from the typical picture of glomerulone- 
phritis in human beings. 

SUMM.VRY AND CONCLUSION.S 

In an attempt to produce experimental periarteritis nodosa, a gi-oup of 
sixteen white male adult rabbits was injected intravenou.sly with large doses 
of sterile normal horse serum. The rate at which this first injection was given 
was intentionally varied in an attempt to pi’oduce differing degrees of A'ascular 
“overloading.” At certain intervals following this first injection, intravenou-s 
horse serum was again administered to most of the animals. During the ex- 
perimental period six of the rabbits received two nine day “courses” of 
sulfadiazine by mouth; however, five of them failed to survive the second 
peroid of treatment. Rectal temperatures were determined daily for each ani- 
mal from the first to the twenty-sixth day. At appropriate intervals their ears 
were examined for erythema and edema of the type described by FleLsher and 
Jones. Cutaneous hypersensiti^■ity to horse serum and sulfadiazine was deter- 
mined, and precipitin antibodies to horse serum (and sulfadiazine) were 
titrated. At varying times, from the seventeenth to the thirty-fourth day. the 
rabbits were autopsied and representative tissues taken for microscopic study. 

1. The majority of the rabbits exhibited definite but varying degrees of 
“serum siekness,” cutaneous hypersensiti-vity, and precipitin fomation fol- 
lowing the administration of horse serum. In genei-al. there was poor quan- 
titative eoirelation among the results of these ante-mortem observations and 
the degree and extent of arteritis observed post mortem. The relationship of 
the multiple antigenic proetins in horse serum to this lack of correlation is 
discussed. 

2. Arterial lesions, varrtng from a generalized acute necrotizing arteritis 
and periarteritis to a less spectacular and more focal sirbacute and prolifera- 
tive arteritis and periarteritis, were observed in the majority of the animals. 
These latter lesions especially were seen most frequently in the heart. On the 
whole, the vascular lesions observed were qualitatively similar to those de- 
scribed by Rich and Gregory hut quantitatively less marked and le.ss 
eralizcd. 


gen- 



95G 


IIOl'l'S AND AVISSIAOU 


3. As a rule, llie most marked arterial lesions were observed in animals 
which had sliown the greatest elevations in temperature. Tlie most marked 
arteritis occurred in rabbits killed on the nineteenth and twenty-sixth days. 
There was no correlation between the rate at which the niitial injection of 
horse serum was given and the intensity or frer|nency of the rc.sulting arterial 
lesions. 

4. As a group, the animals receiving sulfadiazine in addition to the horse 
serum produced Jess precipitin antibody and manifested a lower degree of 
temperature response and cutaneous sensitivity than did those animals which 
received hoi'se serum alone. They also exhibited much less arteritis histologi- 
cally. This may have been related to the toxic obstructive nephropathy which 
occurred in five of the six animals receiving .sulfadiazine. 

5. Attempts to demonstrate cutaneous hypersensitivity or circulating 
antibodies to .sulfadiazine rc.sulted in questionable or negative reactions. 

6. A diffuse erythematous eruption in the .skin of the abdomens of four 
rabbits was observed following the second large dose of horse serum. Histo- 
pathologic changes, as well as the time of their occurrence, suggest that they 
were cutaneous manife.stations of "accelerated scrum sickne.ss.” 

7. Lesions resembling Aschoff bodies were observed oeeasionallj' in the 
myocardium, and subacute focal interstitial myocarditis was common. The 
aortas of two rabbits showed a cystic medial necrosis. 

8. In addition to the obstructive nephropathy, there was a marked hyper- 
plasia of the juxta-glomerular apparatus in the kidneys of approxiinateb’’ one 
third of the animals. The possible significance of this lesion is discussed. A 
slight focal glomerulitis was observed in four animals. 

9. Toxic or allergic damage to the bone marrow is suggested by the fact 
that one animal developed agranulocytosis and two others exhibited rather 
marked hypoplasia of the bone marrow. 

10. It is suggested that in the arteritis and ])eriarteritis which follows 
large doses of horse serum, prolonged spasms of the small and medium-sized 
arteries may provide the locus 7ninons resistcntiac necessary to localize this 
allergic inflammatoiy reaction. The possible ijathogenic relationship of such 
allergic arteritis and periarteritis to similar lesions observed in experimental 
hypertension is discussed. 
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PAK-ACOLON JBACIJjLI AND TJIICJH J?DLATI()X TD 
UPINAKY TRACT INFECTIONS 


IsAisnu.K (!. SciiArii 
Bai.tiaiokk, 3Ii). 

P ARACOJjON bjicilli, conimoiily refrardod as abei’raid oi- vai'iaiil forms of 
Ibc typical coliforin bacilli, arc frcncrally described sin)i)ly as latc-lactosc- 
fernientinj!; strains of Escliei'icbia and Aerobacter. This is. indeed, llieir chief 
common characteristic, and altbou<>:h they may differ from typical coliforin 
bacilli in other cnltiiral reactions, they ai-e most noted for tlieir failure to fer- 
ment lactose promptly Avith the iirodnction of marlced acid and iras as do typical 
strains of Escherichia and Aerobactei'. 

This t^ronp of sram-ncirative bacilli has recently attracted considerable 
attention in certain fields of bacteriolojrie itn-esti'ration. They have been studied 
by the sanitary baeteriolof,n‘sts to whom they are of interest as a jiossible index 
of the fecal pollution of water Avhose presence is not detected by the accepted 
methods of water analysis based on (he prompt fermentation of lactose with acid 
and gasd"-' They have also been the sub.iect of extensive investigation by the 
public health laboratories engaged in the study of enteric infections and out- 
breaks of acute gastroenteritis.'''’ Here this grouj) of gram-negative bacilli are 
of interest not .so much as po.ssible etiologic agents in intestinal di.soaso, although 
the po.ssibilily of their .significance in gastroenteritis has frequently been sug- 
gested,*' •*’ ‘ but rather boeaiuse their close cultural I'csemblance to the true 
enteric pathogens (Eberthella, Salmonella, and Shigella) often makes their dif- 
ferentiation a jn-oblem.'"'’' h^requcnlly they are falsely identified as one of 
the pathogenic, inte.stinal gram-negative bacilli, thus leading to misinterpreta- 
tion of the significance of their presvnee in stool specimens from patients and 
carriers. This error these i)ublic health laboi'atories are striving to eliminate 
through a more thorough study and knowledge of the chaj-acteristics of these 
organisms. Last, certain of the paracolon bacilli have been used for genetic 
studies as organisms Avhich readih' lend themselves to the investigation of 
bacterial Amriation.’"' ”• ” 

' With the exception of the.se fields, A'cry little attention has been dii’ccted 
to the paracolon bacilli. Their occurrence in elinical material other than stool 
specimens has not been reported, Avith the exception of a feAv instances of their 
isolation from urine cultures, as Avill be revicAA-ed later in this paper. Accurate 
information concerning them is not AAudely di.sseminated, and complete deseri])- 
tions are to be found only in a fcAV reports in the literature'"*’ ® Textbooks 
of medical baeteriolog.y contain at best only brief references to these organisms, 
and the.se descriptions are too inadequate to permit recognition of the A’arious 
types of paracolon bacilli on this basis. The difficulty in identifying many of 
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the paracolon bacilli, and the fact that the laioivlcdgc of and interest in these 
organisms appears to he confined to a few fields, suggests the possibility that theii 
identity as such is not recognized by many and therefore the frequency of their 
occurrence is unknoivn. In any ease, it is apparent that the relation of para- 
colon bacilli to infections other than those of the intestinal tract deserves in- 
vestigation. 

The isolation of a considerable number of paracolon bacilli from urine speci- 
mens has prompted the investigation of these organisms along several lines. 
We have been interested, first, in the cultural characteristics of paracolon bacilli 
and methods for their identification ; second, in their significance in the urinary 
tract; and, third, in their relation to typical coliform bacilli from the same 
source. This report iviU concern itself with these three phases of the problem. 

DESCRIPTION OF PARACOLON BACILLI 

Excellent descriptions of the cultural characteristics of the various tj-pes of 
paracolon baciUi are to be found in the recent literature. Perhaps the best are 
those of Stuart and his co-workers. In 1940, Stuart, Mickle, and Borman® de- 
scribed the variations in lactose fermentation. In 1943, Stuart, Wheeler, 
Rustigian, and Zimmerman^ elaborated the earlier description and reported 
the characteristics of paracolon bacilli as of the Escherichia, Aerobacter, and 
intermediate groups. In 1944, Borman, Stuart, and Wheeler® suggested the 
establishment of a new genus, the Paracolobactrum, to include these organisms 
and proposed the following three species; Paracolohacirum aerogenoides, for 
those related to the Aerobacter genus; Paracoloiadrum mtermedhm, for those 
resembling the intermediate coliform bacilli; and Paracolobactrum colifonne, 
for those related to the typical Escherichia. Additional information concerning 
these organisms may be found in the publications of Parr and associates.®’ 


Table I. Cultural Characteristics of Typical CouFORii Bacilli 


GENUS 

motiutv 

LACTOSE 

DEXTROSE 

SUCROSE 

MANNITOL 

INDOL 

IIALOXATE 

OR 

citrate 

EscEeticUia 

+/- 

AG 

24 hr. 

AG 

AG/- 

AG 

A 

- 

Aerobacter 

- 

AG 

24 hr. 

AG 

AG 

AG 

- 


iatennediates 

+/- 

AG 

24 hr. 

AG 

AG/- 

AG 

+/- 

+/~ 

AG, Acid and gas. 








V, Positive or negative. 

It is not tbe purpose of this report to reiiew in detail all the accumulated 
knowledge concerning the paracolon bacilli but rather to give as simply as 
possible an adequate description of these organisms, particularly as they occur 
in urine cultures. It is difficult to give a good, concise description of the para- 
colon bacilli because of the multiplicity of cultural tj-pes wlueh may he en- 
countered. According to various authors, they may arise from any of the 
coliform bacilli, that is, from Escherichia, Aerobacter, or the intermediate 
group.®’ =■=. s. » The cultural characteristics of these tvpieal coliform baciUi are 
given in Table I. 
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As a result of tliis proposed difference in origin, I he paracolon bacilli will 
differ in their cultural reactions as do the groups from which the}' arise. This 
alone pi'oduees a number of cultural type.s. But (he paracolon bacilli are charac- 
terized by their variation from these typical coliform bacilli. In the first place, 
they vary considerably in their fermentation of lactose. Typical colifom baciUi, 
that is, Escherichia, Aerobaclcr, and the intermediate types, ferment lactose 
promptly, watliin tv'cnty-four hours, •with the production of acid and marked 
gas (20 per cent or moi-e). The abei-rant coliform baeilli, as the paracolon 
bacilli are frequently called, may have any of the following atypical reactions in 
lactose'"^ : 

1. Ferment lactose slowly (forty-eight hours and over) 'with acid and gas. 

2. Ferment lactose slowl.v ivith acid and slight gas. Gas pi-odiietion may 
vary from a bubble to 10 per cent. 

3. Ferment lactose slowl}- with acid and no gas. 

4. Ferment lactose slowly and atA'pically at 37° C. but give a typical acid- 
plus gas reaction at 20° C. The.sc organisms have been i.solated only from -water, 
milk, and soil and not from human material.^ 

5. Fail completely to ferment lactose. 

It is these differences in laeto.se fenncntation which are generally consid- 
ered the chief characteristic of the iJaracolon bacilli. Ilowevcr, it must be under- 
stood that these orgajiisms may differ in a number of characfoi-isties other 
than lactose fermentation, as has been repeatedly pointed out by investi- 
gators.^’ ■*’ “ They may fail to ferment or may feiment atypieally, that 

is, slow'ly, -with slight gas production or -ivith no gas carbohydrates other than 
lactose, the most important of these being dcxtro.se, suci’ose, and mannitol. They 
may lack the capacity to produce indol, and other characteristic reactions may 
also be absent. Lew'is” stresses the fact that one strain may be unstable for 
one test substance, for example, lactose, or for half a dozen; thus “a family 
tree of astounding complexity” may be developed. 

In our laboratorv -we have used the following characteristics in the study 
of the paracolon bacilli: motility; growth on desoxycholate agar plates; the 
ferment<ation of lactose, dextrose, sucrose, and mannitol; the production of 
indol ; and the utilization of sodium malonate as the sole source of carbon. The 
malonate broth of Leifson” has been used in place of citrate agar employed in 
many laboratories and has been found to be very satisfactory in differe 2 itiating 
Escherichia, which fail to utilize sodium malonate, from Aerobacter, which give 
a positive reaction. The fermentation of carboh.vdrates other than those listed 
has been investigated in various instances but has not proved helpful in the 
identification of these organisms. Agglutination tests with specific antiserum 
have been done in all cases '^vhei’e cultural similarity made the differentiation of 
the paracolon bacilli from the enteric pathogens difficult. 

Using these characteristics, the paracolon bacilli M’hieh v'e have encountered 
in urine cultures have fallen into certain definite cultural types. In all in- 
stances the colonies on desoxycholate agar plates w'cre colorless, indicating fail- 
ure to ferment lactose promptly. On blood agar and on desoxycholate agar 
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plates, the colonies ■were usually considerably smaller than those of the Ijiiical 
colifoiTii bacilli and occasionally 'were so atypical as to resemble those of strepto- 
cocci. Of the other characteristics studied, ■we lia^^’c found the most common 
variations to be as follows : 

1. Failure to ferment lactose promptly ; acid and gas produced after fortj-- 
ciglit hours to ten days incubation. 

2. Delayed fermentation of lactose with acid and little or no gas. 

3. Fermentation of dextrose with acid and no gas. 

4. Failure to ferment sucrose. 

5. Fermentation of sucrose ■with acid and no gas. 

6. Failure to ferment mannitol. 

7. Fermentation of mannitol ndth acid and no gas. 

8. Failure to produce indol. 

9. Loss of motility. 

These differences define the cultural tj-pes listed in Table II. 

One specific tj-pe of paracolon bacillus deseiwes special mention since its 
outstanding characteristic is not shown in Table II. This is the organism knomi 
as Bacicrium coli-mutahile and originally described by NeisseF® and jSIassini.^® 
The recent literatiu'e contains excellent descriptions of this organism.’"®’ In 
lactose fermentation tubes Bact. coli-mntaiile produces acid and a small amount 
of gas after forty-eight hours incubation, gas production increasing ■with pro- 
longed incubation. Colonies on desoxycholate agar plates are colorless after 
forty-eight hours incubation. In thi-ee to five days, however, small, pink, 
secondary colonies, or papillae, appear gro^wing on or out of the original color- 
less colonies. Subcultures from the basic, colorless colony ferment lactose slowly, 
while those from the colored, secondaiy colonies ferment lactose in twent>'-foiu- 
hours -n-ith acid and gas as do the tj-pical coliform bacilli. These unstable strains 
may arise from organisms of the Escherichia, Aerobacter, or intermediate group. 
Stuart, Mickle and Borman’ object to the name “coli-mutabile.” since it sug- 
gests that these bacilli are all related to the Escherichia ; they propose the term 
“papiUae-forming coliforms” to describe these organisms. Although they 
occur infrequently and none are included in the series to be reported, we have 
isolated a number of tliis tv-pe of paracolon bacilli from urine cultures, and 
therefore their description has been included here. 

As has been pointed out in Table II, the paracolon bacilli maj' culturally 
resemble Salmonella, Proteus, Shigella, or EbertheUa. This resemblance is re- 
peatcdly stressed in the literature.®"®- In most instances, however well- 
defined differences do exist which make cultural differentiation possible. The 
paracolon bacilli most frequently encountered in urine cultures are the late- 
lactose-fermenting varieties which produce acid and gas in the fermentation of 
carbohydrates. These may superficially resemble Salmonella or Proteus, al- 
though many of them are nonmotile. The fermentation of maimitol ■will elim- 
inate Proteus, while a spreading growth on infusion agar ^vill obviously confirm 
the identification. Salmonella and Ebertbella will be eliminated by' the pro- 
duction of indol or the utilization of sodium malonate. In the case' of strains 
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i-esembling the Shigella, however, the complete cultural similaiity often makes 
it necessary to set up agglutination tests Avith specific antiserum as indicated by 
the cultural reactions. If no agglutination occurs, the identity of the organism 
as a paracolon bacillus is strongly suggested. 

The ease with which the paracolon bacilli may be confused with the true 
enteric pathogens cannot be overemphasized. Frequently they are erroneously 
classified as a member of the Salmonella or Shigella genera, although the re- 
semblance is not usually sufficiently close to allow actual species identification. 
.‘In illustration of the confusion which may result from the failure to recog- 
nize an organism as a paracolon bacillus can be found in the culture reports 
included in the historj' of a single patient on the gj-necolo^eal service of the 
Johns Hopkins Hospital. This is the case of a woman with bilateral ureteral 
strictures and chronic pyelitis who has had fifty-two hospital admissions for 
cystoscopic treatments. For fourteen years all urine cultures were positive 
for EschericJiia coli. During the succeeding fen years the urine culture reports 
in chronological order were as follows : 

1. Unidentified gram-negative rods, lactose negative; dextrose, sucrose, and 
mannite fermented with acid and gas, gelatin negative, motility negative. 

2. Nonmotile gram-negative rods with the sugars of B. enferifidis. 

3. B. coli. 

4. ISlonmotile gram-negative rod, sugars of B. enfentidis. 

5. B. coli. 

6. Nonmotile gram-negative rod, sugars of Salmonella enferifidis. 

7. NonmotUe gram-negative rod, acid and gas in dextrose, sucrose, and 
mannite, probably slow lactose fermenter. 

8. B. alUaligenes. 

9. Gram-negative rods, culturallj" Profeus (probably atypical strain). 

10. B. 'profeus, probably atypical strain. 

11. B. profeus, probable atj-pical strain. 

12. Gram-negative rods, ferments the usual carbohydrates with acid and 
gas but does not ferment lactose (after eight days). Gelatin not liquefied. 

13. Gram-negative rods which ferment dextrose and sucrose with acid and 
gas and do not ferment lactose. Do not liquefy gelatin. 

14. Paracolon bacilli. 

15. E. coli (in five succeeding cultures) . 

16. Atypical Proteus. 

17. Salmonella enferifidis. 

IS. Paracolon bacilli (in six succeeding cultures). 

These urine cultures were done by a ntmrber of bacteriologists in several 
laboratories over a period of twent\--four years. The last sis cultures, all identi- 
fied as paracolon bacilli, were studied in our laboratoiy and were definitely 
proved to be paracolon bacilli related to Escheridiia. "We do not feel it un- 
reasonable to assume that the many unidentified or atypical oragnisms reported 
m previoiis real's were also paracolon bacilli; indeed, the cultural reactions when 
inelnded in the bacteriologie report confirm thi.s point of view. In the lifht 
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of our experience wth the variation of Eseiiei’iehia and Acrobactcr to paracolon 
bacilli in the urinary tract, as will be reported later, the assumption tliat these 
organisms were paracolon bacilli seems logical. K this assumption may be 
made, then certainl.y this case vividly illustrates the need for greater knowledge 
of the paracolon bacilli in medical bactcriologj'. 

How may these errors in identification and the confusion of paracolon 
bacilli with Salmonella, Eberthella, Shigella, or Pj’oteus be avoided ? Knowledge 
of the various cultural characteristics of these aberrant colifoian bacilli is, of 
course, essential, and a careful cultural and serologic study of the organisms 
will usually permit satisfactory difi'erentiation. K.s far as the identification of 
pai’acolon bacilli from urine cultures is eoncenjed, we have found certain points 
helpful in suggesting the identity of thc.se organisms. A hint as to their possible 
identity may be gained from the fact that in thc.se eases there is no clinical 
evidence to suggest infection with one of the Salmonella, Eberthella, or Shigella. 
Also, as will be di.scussed later in this report, i)araeolon bacilli most frequently 
occur in urine specimens together Avith typical coliform bacilli or fi-om patients 
whose preceding urine cultures yielded Escherichia or Acrobactcr. The finding 
of a lactose-negative, gram-negative bacillus under these circumstances is highly 
suggestive of a paracolon bacillus. 

RELATION OF PARACOLON BACILLI TO URINARY TRACT INFECTIONS 

A reiicAV of the literature on paracolon bacilli and on urinary tract infec- 
tions has not yielded a great deal of infoimation concerning the occurrence and 
significance of these organisms in urinary tract disease. Parr’ states that "al- 
though pi’actieally all of the atypical coliform bacilli A\-erc firet isolated from 
feces, the}’’ AA’ere early found in the urine.” There he is referring to reports 
of Mair” and Wilson.’® In 1906, Mair described organisms from two cases of 
cystitis which “agree with B. coU” with the exception of the fact that they 
produce no gas in lactose and glucose, Tliese organisms Jlair described as “para- 
colon bacilli.” In 1908, Wilson reported six strains of gram-negative bacilli 
from urinary tract infections ivliich resembled colon bacilli but differed in 
their failure to produce gas in the fermentation of cai'bohydrates. The classical 
work on the subject is that of Dudgeon and his co-workere in 1922 to 1927."' 
They report a series of acute urinary tract infections in which the etiologic 
agent Aims a “sloAA’-lactose fermenting B. coli.” Since then AAU-iters on the 
subject of paracolon bacilli frequently mention in passing that these organisms 
maj’ be responsible for infections of the urinary tract, referring to Dudgeon’s 
AA'ork as authority for such statements and seemingly regarding the relation- 
ship as a probability rather than an established fact.’"®’ =’ As far as actual 

isolation from urine cultures is concerned, only tAA’o recently reported instances 
could be found. Kenned.y, Cummings, and MorroAv’- describe tAventj’-tAA’O strains 
of paracolon bacilli, four of AA’hieh AA’-ere isolated from urine. Cross-- reports 
a “bacillus para coli” in a series of tAventy-fiA’e organisms isolated from urinary 
tract infections. In a fairly comprehensKe revicAv of the recent literature on 
infections of the urinary tract made in connection AAutli this and another re- 
ort no other mention of paracolon bacilli in urine cultures could be found. 
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In the literature on urinary tract infections there is to be found, how- 
ever, numerous reference to organisms described as unclassified gram-negative 
bacilli or as unidentifiable Salmonella, Ebertbella, or Shigella which our ex- 
perience suggests may well have been paracolon bacilli. For example. Marple'^ 
reports the isolation from urine from a case of chronic cystitis of a “gram- 
negative bacillus giving the sugar reactions of paratv'phoid group but serologic- 
ally unidentifiable.'" Cerf and Goldman-'* describe “gram-negative bacdli which 
do not show the sugar fermentations of kno'wn pathogens,'” and Stalker and 
Schulte-® report the isolation from urine of four strains of ‘ ‘ Shigella (species ■ ) . ' 

Hill, Seidman, Stadnichenko. and Ellis.-' in their excellent study of two 
hundred gram-negative bacilli isolated from cases of genitourinary infection, 
report “sixteen miscellaneous cultures.” These were identified as one Alkali- 
genes, five strains of Ebertbella. nine Shigella, and one Salmonella. Of the 
fourteen Eberthela and Shigella strains one was not classified and the others 
were tentatively assigned to certain obscure species, although they did not cor- 
respond in all respects to recorded descriptions of these species. The bacillus 
considered SalnioneUa paratyphi fermented sucrose hut in spite of this dis- 
crepancy was so classified because it was agglutinated by S. paratyphi immune 
serum. Since no recognized paracolon baeUli were included in this large series 
of 200 gram-negative bacilli and since, as will he discussed later, we have en- 
countered these organisms with some frequency in urine specimens, it seems 
logical to presume that a number of these miscellaneous bacilli were paracolon 
bac'fili of the type culturally resembling but not identical with certain Ebertbella. 
Shigella, and Salmonella. The fact that the one sucrose-positive strain which 
was identified as S. paratyphi agglutinated with S. paratyphi antiserum does 
not eliminate the possibility of its being a paracolon bacillus, since Lommel.-® 
using malachite green and safranin, suppressed lactose fermentation in cultures 
of colon bacilli and reports that three such experimentally produced lactose- 
negative strains became agglutinable with Bacfen'u))i parafyphositm B. anti- 
serum. 

Levine=® has published a report on ‘‘Unclassifiable Gram-negative Rods in 
Urinarj- Infections."’ These organisms are described as failing to correspond 
to species described in Bergey"s dianml of Determinative Bacteriology or as 
serologically differing from known species. Among the bacilli included in this 
report are strains which resemble Esch. coli but do not ferment lactose. Others 
resemble Shigella but do not agglutinate -with kno'wn antisenmi. Also described 
are “strains which are related to the Salmonella group biochemically but either 
form indol or are serologically distinct from the recognized Salmonella.'" In 
another report Le-vine®® again refers to unclassifiable gram-negative bacilli, 
describes strains similar to those referred to previously, and includes a chart 
giring the cultural reactions of three t\-pes of atypical bacilli. The charac- 
teristics of a number of the organisms included in these publications strongly 
•iuggest that they may be paracolon bacilli; their description coincides -with 
that of organisms of this group which we have isolated from ur-ine specimens, 
and their identity as aberrant fomis of coliform bacilli seems higlily probable! 
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[£ sucli be llic case and ij' a number of liic unidentified bacilli i-cported from 
irinary infections arc paracolon bacilli, then ccrlainl 3 ’' attention need be di- 
rected to the characteristics of paracolon bacilli occurring in urine cultures, so 
Jiat tliey inaj’’ be recognized and corrcctlj’^ identified. 

As lias been staled, we have isolated a number of paracolon bacilli from 
irine cultures. The specimens from which these organisms were cultured were 
received from women patients on the g^mecological and obstetrical services of 
the Johns Hopldns Hospital. Tlie organisms were isolated bj' our routine pro- 
cedure as described in Sehaub and Foley.-’’* Tlio}* produced colorless colonies 
on desoxycholate agar, indicating their failure to ferment lactose promptly and 
were isolated from such colonies, and their characteristics as tabulated in Table 
II were studied. Agglutination tests with appropiratc antiserum as indicated 
by the cultural reactions have been carried out in all instances where cultural 
reactions alone were insufficient for differentiation. 

A study of the incidence and .significance of these paracolon bacilli in the 
female urinary tract has been made. The series includes all cases from both 
the gjTrecologieal and obstetrical services, for tlie j'car 1945, in which these or- 
ganisms were found. The incidence of paracolon bacilli in tliis series is given 
in Table III. As shown here, 100 strains of paracolon bacilli were isolated, 
eighty-six from patients on tlie gjmeeological service and fourteen from ob- 
stetrical cases. These represent 3.02 per cent of the total number of urine 
cultures received in the laboratorj' during this j'car and 4.3 per cent of the 
positive cultures obtained. 


Table III. Occuruence of Paracolon Bacilli in Urine Specimens From Women Patients 
ON Gynecological and Obstetrical SERncEs 


service 

total 

NUMBER 

OE URINE 
SPECIMENS 

NUMBER OK 
POSITIVE 
CULTURES 

number of 

PARACOLON 

BACILLI 

PERCENTAGE 
or TOTAL 
URINE 
CULTURES 

PERCENTAGE 

OF 

POSITIVE 

CULTURES 

NUMBER 

OF 

PATIENTS 

Gj-necologj’ 

Obstetrics 

2,4SG 

1,847 

86 

3.06 



822 

452 

14 

1.7 




3,308 

2,29D 

100 

3.02 




The 100 strains of paracolon bacilli were isolated from fifty-seven different 
patients as sliovni in Table HI. Histories Avere available for fifty-one of these 
patients, and these histories were carefulty reviewed for eridence of uiinar}’^ 
tract infection. The results of tliis study are given in Table IV. Here it is 
shown that of the forty-patients on the gjmecologieal service eight were irithout 
symptoms of urinaiy tract infection, five with no white blood cells, and tliree 
ith white blood cells in catheterized irrine specimens. Eleven patients showed 
ptoms of cystitis; eight were diagnosed as acute and three as chronic in- 
ions. SjTnptoms-nf.- i 3 mlitis were present in twenty-one instances, the infec- 


being acute i 
een that in 
logical ser 
eleven oh r 
s, while 


ases, and ten patients having chronic disease. Thus 
hirty-five, or 87.5 per cent, of the patients on the 
S3'mptoms of urinar 3 " tract infection were present, 
six showed no signs or s 3 nnptoms of urinaiy tract 
er cent, showed s 3 nnptoins of acute pyelitis. 
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Table IV. Relation of Pafjicobon Bacilli to Ukinaet Tr.\ct Symptoms 



■WITHOUT 

SYMPTOMS 

SYMPTOMS OF 
CYSTITIS 

SYMPTOMS OF 
PYELITIS 

1 

SERVICE 

with- 

out 

WHITE 

ELOOB 

1 CELLS 

WITH 
■WHITE 
, BLOOD 
CELLS 

1 

ItCCTE 

CHROKIC 



1 

1 CHKOKIC 

1 

TOT.VL 

i TOTAL 
NUMBER 
OF 

CASES 

Gynecology ! 

5 

3 

S ' 

3 

11 

11 

10 ; 

21 ; 


Obstetrics 

6 

- 

- 

- 

- 

5 

; 

5 

11 

Total number of 
cases 

11 ; 

o 

o 

s 

3 

11 

16 

j 

10 

! 

26 

j 

51 

Percentage of total 
number of cases 

21.5 

m 

15.6 

5,8 

21.5 

31.3 

1 

19.6 

50.9 

- 


The mimher of chronic infections in ivhicli paracolon bacilli ivere involved 
deserves comment. Thirteen cases, three of chronic ej'stitis and ten of chronic 
prelitis, a total of 25.5 per cent, are included in this series. This contrasts irith 
the reports of Dudgeon and associates"’^®--® who emphasize the acute nature 
of the disease and the rapid, complete recovery of the patients included in the 
series of eases they reported. 

REL.\TION OF P.AEACOLON BACILLI TO ESCHERICHLV AND AEROBACTER 
IN THE URINARY TRACT 

"We have been impressed with the frequency with which paracolon bacilli 
either were found foUowing the isolation of Escherichia or Aerohacter in a 
previous urine specimen from the same patient, occurred together with normal 
lactose-fermenting strains of these organisms, or were followed by the isolation 
of typical coliform bacUli. Histories of the patients from whom paracolon baeiUi 
have been isolated were therefore studied for information concerning the as- 
sociation of the aberrant coliform bacilli with tj-pical Escherichia and Aerohac- 
ter. The results of this study are contained in Table T. Here it is shown that 
m our series of fifty-one patients for whom histories were available, in twenty- 
seven, or 52.9 per cent, of the cases the paracolon bacilli either were preceded by, 
occurred with, or were followed by Escherichia or Aerohacter. Association 
inth Escherichia occurred with far greater frequency, 45.9 per cent, than -nith 
Aerohacter, 7.8 per cent. This association was frequently very close, since in 
a number of cases the paracolon haciUi not only were preceded by the isolation 
of Escherichia or Aerohacter hut also occurred with and were followed by 
Ij'pical coliform organisms. The cases in which this occurred are represented 
JR Table Y by the figures in parentheses. 

Twenty-four, or 47 per cent, of the cases showed no proved association with 
Escherichia or Aerohacter. It should be noted, however, that in twenty of the 
twenty-four cases ivith no proved association hctAveen the aberrant and typical 
cohform organisms little opportnnitA- to demonstrate such an association was 
piw-ided. There was only one recorded urine culture on these twenty patients, 
and that one culfure was the one in which paracolon bacilli occurred in pure 
culture. Thus, of the thirty -one cases in which more than one culture was 
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If sucli be the ease and il' a iiiiinber of liie iinideiilified l)acilli j-eporled from 
nrinaiy infections are paracolon bacilli, then certainly attention need be di- 
rected to the characteristics of par.acolon bacilli oeciiri-ing in nrine cultures, so 
that they may be recognized and (*orreetl 3 ’’ identified. 

As has been stated, m'c have isolated a number of 2 )aracolon bacilli from 
urine cultures. The specimens from which these organisms were cultured were 
received from women patients on the g 3 'nceologieal and obstetrical services of 
the Jolms Hopldns Ilospital. The organisms were isolated ly our routine pro- 
cedure as described in Schaub and Fole 3 '.-'’‘ The 3 " j)roduccd colorless colonies 
on desox 3 "cholale agar, indicating their failure to ferment lactose promptly and 
were isolated from such colonies, and their characteristics as tabulated in Table 
II were studied. Agglutination tests wdth appropiratc antiserum as indicated 
by the cultural reactions have been eaiwied out in all instances where cultural 
reactions alone were insufficient for differentiation. 

A study of the incidence and significance of these paracolon bacilli in the 
female urinary tract has been made. The series includes all cases from both 
the gynecological and obstetrical sendees, for the year 1945, in which these or- 
ganisms were found. The incidence of paracolon bacilli in this scries is given 
in Table III. As shonm here, 100 strains of paracolon bacilli were isolated, 
eighty-six from patients on the g 3 ’’neeological service and fourteen from ob- 
stetrical cases. These represent 3.02 per cent of the total number of urine 
cultures received in the laborator 3 ' during this 3 'ear and 4.3 per cent of the 
positive cultures obtained. 


Tablk III. Occurrence or Paracolon Bacilli in Brine Specimens Prom M^omen Patients 
ON Gynecological and Obstetrical Services 


SERVICE 

TOTAL 

number 

OF URINE 
SPECIMENS 

NUMBER OF 
POSITIVE 
CULTURES 

NUJIBER OF 
PARACOLON 
BACILLI 

PERCENTAGE 
OF TOTAL 
URINE 
CULTURES 

PERCENTAGE 

OF 

POSITIVE 

CULTURES 

NUMBER 

OF 

PATIENTS 



1,847 

86 


4.6 

40 


452 

14 

1.7 


11 


3,308 

2,299 

100 

3.02 


57 


The 100 strains of paracolon bacilli were isolated from fift 3 '^-seven different 
patients as shown in Table III. Histories were available for fift 3 "-one of these 
patients, and these histories were carefull 3 '- reviewed for evidence of uiinar}’^ 
tract infection. The results of this study are given in Table TV. Here it is 
shown that of the fort 3 ’--patients on the g 3 meeologieal service eight were without 
symptoms of urinary tract infection, five with no white blood cells, and three 
with white blood cells in catheteidzed urine specimens. Eleven patients showed 
s3Tnptoms of C3'stitis; eight were diagnosed as acute and three as chronic in- 
fections. Symptoms of pyelitis were present in twenty-one instances, the infec- 
tion being acute in eleven cases, and ten patients having chronic disease. Thus 
it is seen that in a total of tliirty-five, or 87.5 per cent, of the patients on the 
crynecologieal service signs or symptoms of urinary tract infection were present. 
Of the eleven obstetrical cases, six showed no signs or symptoms of urinary tract 
infections while five, or 45.5 per cent, showed sjauptoms of acute pyelitis. 
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taken and an opportunity offered to demonstrate association ivith. Escherichia 
or Aerohacter, tiventy-seven, or 87.1 per cent of these cases sho'wed this associ- 
ation. 

Talile V also demonstrates that association of paracolon bacilli udth 
Escherichia or Aerohacter occurs more frequently in chronic than in acute in- 
fections; in 80 per cent of the cases vrith chronic pyelitis as compared urith 
68.7 per cent of the cases of acute pyelitis and in 66.6 per cent of the patients 
■with chronic cystitis as compared with 42.5 per cent of the cases of acute 
cystitis. In patients showing white cells only, the incidence of this association 
was 33.3 per cent, and in patients with no signs or sjuiiptoms of urinary tract 
infection only, 18.1 per cent. The higher incidence in patients -vnth chronic 
disease may well he explained by the fact that in such eases it is possible to 
study the infection over a relatively long period of time and to obtain numerous 
cultures on such patients. Thus an opportunity is afforded to establish an as- 
sociation between these organisms. In acute cases there is frequently only one 
specimen taken, and thus there is no evidence that an Escherichia or Aerohacter 
isolated from this one culture was followed by a variant form or, if a paracolon 
bacillus was isolated, that it was preceded or followed by tj-pical cohfonn bacilli. 

DISCUSSION 

The incidence and pathogenicity of paracolon bacilli in the female urinarj’ 
tract has been established by the data presented in Tables III and TV. A pos- 
sible explanation of the presence of these atj-pical colifonn bacilli is afforded 
by the emdence of the association of these organisms with Escherieliia and 
Aerohacter in 52.9 per cent of the cases as shown in Table Y. As has been 
pointed out, if only the cases in which more than one culture had been taken 
are considered, for only in cases with a number of cultures was ample oppor- 
tunity to prove this association provided, then in 87.1 per cent of the eases 
the paracolon bacilli were preceded by, occuri’ed ■with, or were followed by 
typical Escherichia or Aerohacter. This close association suggests that in at 
least a number of cases the organism initiating the infection was an Escherichia 
or Aerohacter and that the paracolon bacilli arose from these typical colifonn 
baeim through variation in the urinaiw- tract. We were interested in determin- 
mg, if possible, if this theory were tenable and, if so, what factors or conditions 
might be responsible for tliis variation. 

A review of the literature has not proved fruitful in suggesting what faetom 
may be involved in the production of pai-aeolon bacilli. Tliat they are aberrant 
forms of Escherichia and Aerohacter is well e.stablished,*""’' and the nature 
of the factors influencing this variation has been the sub.iect of comsiderable 
speculation. Kline^= suggests that paracolon bacilli are colifoini organi.sms 
whicli may have become modified tlirough tlie influence of unfavorable emdron- 
ment. A number of investigators’- ^ have pointed out that the incidence of 
paracolon bacilli in feces from patients with gastroenteritis is considerablv 
bigher than normal. Stuart. Z^Iickle, and Borman^ express the opinion that 
the presence of the aberrant coliform organisms in such stool cultures “mav 



Table V. Association of Paracolon Bacilli With Typical Strains op Escherichia 


968 


SCIIAUB 



represent cases Includea In flRnros illrectly above. 
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In our series of cases not only did Esclvevicliia and Aevobacter precede and 
occur ■with paracolon bacilli, but in. ten instances Esch. coli was found follow- 
ing the isolation of paracolon bacilli in pure culture in a previous s’pecimen. 
Tliis suggests that the aberrant strains may revert in the urinary tract to 
tj'pical, prompt-lactose-fermenting varieties. This reversion is well kno'^vn in 
Bact. coli-miitahUc^-*’ ” in which secondaiy colonies of lactose-fennenting 
strains are produced invariabh* by colonics of the slow-lactose-fermenting form. 
Investigators have been able to bring about this reversion in other paracolon 
baciUi,^' and we have been able to accomplish tliis in a number of in- 

stances. Therefore, it seems probable that in the urinary tract not only may the 
aberrant paracolon bacilli be produced from Escherichia and Aerobactor but 
also that these paracolon bacilli may, in turn, give rise to typical coliform or- 
ganisms. Indeed, in eight instances in our series the occurrence of paracolon 
bacilli in pure culture was both preceded and followed by the isolation of 
Escherichia. 

Although we believe that our evidence suggests that the origin of para- 
colon bacilli in the urinar}' tract may, in some cases at least, be by way of vain- 
ation from tjyiical coliform bacilli, our study has yielded no evidence of the 
factors concerned in this variation. It seemed possible that ehemotherapy 
might play a role in bringing about this change. The presence in the urine of 
high levels of sulfonamides or penicillia in patients being treated with these 
substances might possibly be a factor favoring variation. A study of the his- 
tories of the patients included in this series did not confirm this theory. In the 
fifty-one cases reviewed, paracolon bacilli were isolated before the initiation 
of chemotherapy in forty-sis instances. In only five cases did these organisms 
appear after treatment, once each after the administration of sulfadiazine, sulfa- 
succidine, and penicillin and in two patients foUo-wing sulfamerazine therapy. 
These figures seem to eliminate snch therapy as a factor in the variation of 
coliform organisms in the urinary tract. 

The length of time that the coliform bacilli had been present in the urinary 
tract was also considered as a possible factor. A study of the histories re- 
vealed that the paracolon bacilli were isolated at intervals varying from two 
days to fourteen years following the first isolation of Escherichia or Aerobaeter, 
Thus prolonged gro-wth in the urinary tract was eliminated as an important fac- 
tor in favor of the variation from typical to aberrant coliform organisms. 

The cause of this apparent variation and the factors influencing it remain 
unknown. However, we believe that the evidence which we have presented does 
suggest that in the infected urinaiy tract conditions are present which influence 
and favor the variation of Escherichia and Aerobaeter and re.sult in the ap- 
pearance of paracolon bacilli in urine cultures. 

StmMARV 

X. Paracolon -baciUi appear to be aberrant forms of Escherichia and 
Aerobaeter which differ from the tv-pical coliform organisms in their failure 
to ferment lactose promptly with acid and gas. Other variations may also 
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rcprcseut an altovatioii in tlie normal focal flora, jjossiblj' as a result of a 
physiologic disbalance in the individual.” Again in regard to the isolation 
of paracolon bacilli from the infected intestinal tract, Dudgeon and Pulvertaft' 
state that conditions in the intestines maj' be such that the rapid multiplication 
of the slow-laetose-fermenting organisms is allowed. Parr’*® has demon- 
strated that in stored feces there is a marked change in the flora resulting 
in the disappearance of tiTpical Escherichia and more especially Aerobacter and 
a marked increase in the slow-lactosc-fermenting variants (paracolon bacilli). 
This change, Pan- suggests, is due to the degradation of ordinary, normal 
coliform organisms. 

As far as we have been able to ascertain, the variation of Escherichia and 
Aerobacter to paracolon bacilli has never been demonstrated in the urinarj' 
tract. We feel, however, that the evidence presented in Table V suggests that 
such a variation does take place. Since the urinary tract is not the normal 
habitat of the eolifoim bacilli, this change in environment maj" account for the 
variation. It maj’’ also be possible that some factor prorided bj^ the infected 
state of the urinary tract may bo responsible for the change from tj’pical to 
aberrant coliform organisms. 

In vitro studies and experiments have furni.shed considerable conflicting 
evidence concerning variation in coliform organisms. A number of investigators 
have been unable to bring about the change from lactose-fermenting to the 
lactose-negative fom. Parr and Robbins” express the opinion that “the prompt 
and typical fermenter of that sugar (lactose) is a well-stabilized form in re- 
spect to that test.” Stewart®® and HalP* failed to observe the production of 
lactose-negative from lactose-fennenting strains. Ilei'shey and Bronfenbren- 
ner®® were unable by serial transfers in synthetic media containing sodium suc- 
cinate as the sole source of carbon to cause the variation of typical Escli. coli 
to the lactose-negative form, although variants of paracolon bacilli which had 
reverted to prompt lactose fermenters changed in this medium with the resultant 
production of lactose-negative strains. 

Other investigators have been able to demonstrate the production of aber- 
rant colifom bacilli from typical Eschericlaia and Aerobacter. Stuart, Mickle, 
and Borman® report the finding of nonlactose fementing variants in two strains 
of typical coliform baciUi after two years on agar slants. These variants were 
antigenically identical Avith the parent strains. Kriebel® also reports that of 
120 strains of Escherichia stored for several months on agar slants nineteen gave 
rise to lactose-negative variants. LommeP® suppressed lactose fermentation 
using media containing malachite green and safranin, and Penfold®® obtained 
lactose-negative strains from coliform bacilli grorni on media containing chlora- 
cetic acid. This work contributes little infomation concerning the factors in- 
fiuencing this variation, but these reports do demonstrate that the variation 
does take place, that paracolon bacilli may arise naturally from coliform or- 
ganisms (that is, on stored agar slants), or that they may be produced arti- 
ficially by growth on media containing cei-tain substance. 
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occur, so lliat a large number of culturally difl'ercnl paracolon bacilli may be 
encountered. The common variations which we have found in paracolon bacilli 
from iirinc cultiu’cs have been listed, and the cultural types frequently isolated 
are given in Table II. 

2. Culturally paracolon bacilli may i-csemblo Pi'olcus, Salmonella, Shigella, 
and Eberthella and are fi-equcntly mi.staken for members of these genera. They 
may usually be differentiated biochemically, but in .some instances serologic 
tests are necessary. 

3. In one yeai', 100 strains of paracolon bacilli were isolated from urine 
specimens from fifty-seven women patients, I'cpresenting 3.02 per cent of the 
total number of urine cultures received in the laboratory dui-ing 1945 and 4.3 
per cent of the positive cultures. 

4. Fifty-one hi.stories were studied to determine the significance of para- 
colon bacilli in the female urinary tract. In 50.9 per cent of the cases there 
were sjmiptoms of pj'clitis; in 21.5 per cent, symptoms of cystitis. White blood 
cells only were found in 5.S per cent of the ])aticnts^ and 21.5 per cent showed no 
signs or symptoms of urinarj' tract infection. 

5. In 52.9 per cent of the cases the paracoloji bacilli were associated in 
the urinary tract vitli either Escherichia or Aerobacter. If only the instances 
in which more than one culture was taken are considei’cd, then this association 
between tj^pical and aberrant eolifoi-m bacilli occurred in S7.1 per cent of the 
cases. 

6. It has been suggested that these paracolon bacilli may, in a number of 
cases at least, be the result of variation in the urinary tract, that in such eases 
the original infecting agent was a typical Escherichia or Aerobacter, and that, 
under conditions as yet undetermined, variation occurred in these typical 
coliform organisms with the resultant appearance of paracolon bacilli in urine 
cultures. 
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this chemical in suitahle combination with bacteriophages seemed to offer ad- 
vantages, in spite of its toxic effects in older patients. The combination vras 
particularly helpful in the early fulminant stage of staphylococcemia. Ordi- 
narily, ’n-e found it best to discontinue the sulfathiazole after the first or second 
week. The newer biologic agent, Fleming’s penicillin, offers greater advan- 
tages because it can be produced in a potent form which is almost entirely 
free from toxic action upon the human host even when used by intravenous 
injection continuously for many months. This agent alone inhibits the growth 
of many strains of staphylococcus. However, there are strains of this organ- 
ism which are naturally resistant to penicillin, and some of the susceptible 
strains are able to acquire a high resistance to this agent after a period of 
adaptation. 

Complete understanding of biologic phenomena is perhaps still beyond 
our mental capacity, but it now seems well established that the staphylococcus 
becomes resistant to penicillin in part by elaborating a substance or substances, 
to which the general name of penicillinases has been given, which neutralize, 
inhibit, or destroy the bacteriostatic and bactericidal properties of the peni- 
cillin. Doubtless all staphylococci produce these substances in some amount, 
and the strains which have greater resistance to penicillin produce greater 
amounts of them. Naturally penicillin-resistant strains of bacteria may in 
part account for the occasional disappointment in penicillin therapy of ful- 
minant staphylococcemia, while the acquired resistance would seem to be opera- 
tive especially in the more chronic infections, such as persistent osteomyelitis. 

Before discussing individual clinical examples of conjoined therapy, some 
of the work with cultures in vitro may be mentioned. Himmelweit- working 
in the laboratory of Sir Alexander Fleming at St. jNIary’s Hospital, London, 
has observed that a strain of staphylococcus moderately resistant to both peni- 
cillin and bacteriophage became much more susceptible to destruction when 
exposed to the action of these two biologic agents in combination. Eepetition 
of Himmelweit’s experiments in our laboratory, using our own bacteriophages 
and cultures obtained from septic patients in our own series, has resulted in 
essential confirmation of his observations. 

Gram-negative bacteria of the coli group are ordinarily resistant to the 
action of penicillin. However, when combined with bacteriophage, the peni- 
cillin exerts a synergistic effect in vitro against cultures of colon bacilli which 
seems to be analogous to the similar effect on the staphylococcus. 

In one instance a strain of colon bacillus (Nbl) obtained in a blood cul- 
ture was found resistant to penicillin, so that no inhibition of growth was 
evident in broth containing as much as 5,000 units penicillin per 100 c.c. of 
medium. Wlien, however, this colon bacillus was gro-svn in broth containin" 
only 50 units penicillin per 100 c.c., the filtrate of this flourishing culture 
showed peculiar properties. 'When added to newly inoculated broth, this fil- 
trate caused complete lysis of the Nbl strain at two hours and at four hours 
ollowcd by secondary clouding at twenty-four hours, and this phenomenon 
was observed consistently in subsequent serial filtrations. even without further 
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I N THE successful licaling of an infectious disease, many agencies ordinarily 
participate. General medication may well be directed to establish those 
qualities in the internal nutrient media of the body, particularly the blood and 
lymph, which will favor the successful activity of the human cells and dis- 
courage or inhibit the activities of the parasitic organisms, with due consider- 
ation of the natural biologic properties and mechanisms for defense and offense 
inherent in host cell and parasite. The relationships arc ordinarily complex 
I’ather than simple. 

The malignant tjqie of infection witli staphj-Ioeoecus in which the bacterial 
invader has been able to master the local defenses so as to gain and persist 
in the ch'culating blood, septic .staphylococcemia, is one example of disease in 
which there is urgent need of an alteration in qualit5’' of the blood and lymph 
so as to oppose more effectually the infectious agent and perhaps to tip the 
scale in the conflict in favor of the human host. Even after this has .succeeded 
to the point of eliminating the bacteria from the general circulation, there 
often remain metastatic localizations of the infection, particularly in bone, 
kidney, or skin. Suppression of the infection in these focal lesions may re- 
quire the prolonged maintenance of the special healing qualities in the circu- 
lating blood. Manj’’ internal remedies have been used, from time to time, in 
the attempt to improve the blood so as to aid in overcoming the staphylococcus. 
Various preparations of arsenic, bismuth, mercuiy, and tin have come domi 
to us from the older therapeutics, and tliey .still have their place. In the more 
modern era, however, some of the .synthetic organic chemicals, particularly 
sulfathiazole, and some of the biologic agents, bacterial vaccines, bacterio- 
phages, and penicillin, have come into the foreground. The conjoined action 
of the last two, namely bacteriophage and penicillin, has been remarkably 
promising in our experience during the last few years. 

Our earlier studies of staphylococcemia’ were concerned especially with 
the production of potent bacteriophages in such form that they could be ad- 
ministered by intravenous injection in large amounts without serious untoward 
effects and also with the practical therapeutic use of these bacteriophages in 
the treatment of septic staphylococcemia, its complications and sequelae, in 
experimental animals and in human patients. Bacteriophage therapy was em- 
ployed alone and also in conjunction with neoarsphenamine in the subacute 
and chronic staphylococcemias. With the advent of sulfathiazole, the use of 

From the Department of Bacteriology, New Tork Post-Graduate Medical Seliool and 
Hospital. Columbia University. 

Aided hv Grant No. 539 of the Cornmlttee on Therapeutic Hesearch. Council on Pharmacy 
and Chemistry, American Medical Association, 

Presented In part before the New York City Branch. Society of American BacterioIogist.>!. 
Dec. 27. 1945. 

Received for publication, June 9, IDlu. 


974 



COXJOIXED ACTION' OF PEN'ICILLIN' AND BACTERIOPHAGES 


977 


Table I 


GEKERATIOX 

1 1 

1 2 

1 3 1 

4 1 

5 

COXTF.OL 

Meat infusion broth 
Fresh coli culture 
Penicillin units 

Filtrate 0.5 c.c. 

10.0 c.c. 
0.1 c.c. 
5 

None 

10.0 c.c. 
0.1 c.c. 
5 

Gen. 1 

10.0 c.c. 
0.1 e.c. 

5 

Gen. 2 

10.0 c.c. 
0.1 c.c. 
None 
Gen. .•? 

10.0 c.c. 
0.1 c.c. 
None 
Gen. 4 

10.0 C.C. 
0.1 c.c. 
None 
None 



Incuiation 

at 37° C. 




Groivth cloud 

Two hours 

Four hours 
Twenty-four liours 

4--^ 4-^ 

-*' + 

0 

4. 

0 

0 

— ^ J- 4- 

0 

0 

0 

0 

-1 



and usually resistant to bacteriophages. Streptococcus fecalis is a notable excep- 
tion, as we^' * have previously reported. This organism, which is not infre- 
quently the infecting microbe in bacterial endocarditis, is ordinarily very re- 
sistant to penicillin and at the same time .susceptible to lysis by suitable 
bacteriophages, ilore recently we have met with another type of strepto- 
coccus, closely resembling Streptococcus salivarius but relatively less susceptible 
to penicillin and capable of lysis by bacteriophage in mtro. Infections with or- 
ganisms of this tj-pe present an opportunity for therapeutic use of penicillin and 
bacteriophages in combination. 


Clinical application of these principles has already been made. Detailed 
case reports cannot be presented here, but brief summaries in regard to a few 
patients treated at the Post-Graduate Hospital may serve to illustrate the pro- 
cedures and the results and perhaps may encourage others to use penicillin and 
bacteriophages in combination when indicated. 


M. E., a 21-year-old white man, was admitted to the hospital for the eighth 
time on April 8, 1944, with persistent sinus and ulcerations of upper left tibia 
and chronic osteomyelitis of fourteen years' duration. The detailed record of 
treatment in the hospital for the period of about two months is too voluminous 
for presentation at this place, but a brief simimary may be of interest. The first 
intravenous injection at 4 :45 p.m. April 8 contained 5 e.c. specific staphylococcus 
bacteriophage and 5,000 imits of calcium penicillin. Subsequently 2 e.c. specific 
staphylococcus bacteriophage and 5,000 units penicillin calcium were given everj- 
two hours by intramuscular injection, 6:30 p.m. April 8 to 6:30 a.m. April 9; 
then at 8:29 a.m. an intravenous injection of the same dose was given. At 
10 •2o a.m. April 9, the bacteriophage was increased to 5 c.c. and the"" penicillin 
calcium to 10,000 units, given every two hours by intravenous injection during 
he day from about S :30 a..m. to 4 .-30 p.m. and by intramuscular injection during 
>e night. On April 10, because of general malaise, nausea, and headache the 

^’"‘^t^riophage 2 c.c. and penicillin caldimi 
^0 000 bacteriophage 5 c.c. with penicillin calcium 

- units during the night, continued to April IS at 10 .-21 a. m It this time 
ve penicillin dose was reduced to 10.000 units every two hours and on April 23 

to 5 e c '''on ir'’"’ ? 1 ^'•ere varied somewhat from 2 

tho ^ 3 the night doses were reduced to 1 c.c. and the doses durin- 

a> continued at 2 c.c. At this time the buttocks were quite sore from the 
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addition of penicillin. Tlierefore, a native l)acteriopliaf?e, latent in the orig- 
inal Nbl strain, had revealed it.self as Ij^lic for this .strain in the pre.sence of 
small amounts of penicillin and exhibited lytic cfTect not onl}' in the culture 
tube containing- penicillin but, after attaining potency in this medium, ivas 
able to induce temporary ly.sis in subsequent serial propagation Avithout peni- 
cillin in the medium. Evidently the presence of the ])enicillin favored the 
bacteriophage in its action against the ho.st bacterial cell, .so that the latent 
bacteriophage, originally so feeble as to escape recognition, acquired potency 
against its host cell. These observations arc of theoretical interest for the 
student of bacteriophagy and also of practical signiticance for the i-apid pro- 
duction of a bacteriophage to be used in treatment of a de.spei-atcly ill patient. 



Fig-. 1. — Photograph ot plate cultures on agar, shoeing at the left a mass culture of the 
original Nbl strain and at the right a precisely analogous mass culture of this Nbl strain after 
the activity of Its latent bacteriophage had become enlianccd b\ propagation in the presence ot 
peniciilln and serial nitrations. 

The protocol of one of these experiments is shoAvn in Table I. The filtrate 
of the respective preceding generation Avas used in Generations 2 to 5, Avith 
penicillin in Generations 1 to 3 but no penicillin in Generations 4 and 5. In 
each instance the degree of clouding aa'os estimated by comparison Avith the 
control tube recorded as 4 plus at the particular time. In Pig. 1 is shoAvn a 
photograph of an agar plate on AA'hich had been spread 0.05 c.c. of suspension 
of coli culture, Nbl strain, AAuth subsequent incubation for eighteen hours. 
Here the groAvth Avas confluent Avithout recognijcable sign of bacteriophage 
effect. On the other agar plate there AAms spread 0.05 c.c. of a precisely 
analogous suspension of coli culture, Nbl strain, of Generation 5 in the experi- 
ment recorded in Table I, Avith subsequent incubation for eighteen hours. Here 
the confluent bacterial groAvth presented the moth-eaten appearance due to the 
formation of numerous plaques by action of the bacteriophage. 

The pathogenic streptococci of the hemolyticus group and of the salivarius 
group are for the most part susceptible to the bacteriostatic action of penicillin 
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C. S., a 36-year-old Tvliite man Avas admitted Dec. 3, 19-13, with mitral 
endocarditis due to Staphylococcus aureus, tlie groulh of Avliicli ivas inhibited 
in vitro bv 2 units penicillin per 100 c.c, of mediuin. After treatment vritb bac- 
teriophage and penicillin to Feb. 2S, 19-14, the patient was discharged March 18 
and has continued to receive bacteriophage injections at intervals. He has re- 
mained well and was active at work in May, 1944. This ease has been reported.'' 

S. D., a 64-year-old white woman, was admitted to the hospital Dee. 31, 

1944, partly disoriented, with temperature of 104.6° F. and harsh systolic mur- 
mur over the aortic area, irregular pulse, and extra systolic contractions every 
three or four heats. Blood cultures taken Dec. 31, 1944, and Jan. 2, 3. and 4, 

1945, all developed growth of Staphylococcus aureus, which was not appreciably 
inhibited by 500 units of penicillin per 100 c.c. of medium. It was also moder- 
ately resistant to the available baeteiiophages. The patient was given penicillin 
and staphylococcus bacteriophage every two hours from January 2 to February 
26, and the bacteriophage was continued twice daily to May 18. She was dis- 
charged June 16, 1945, and has remained in good condition. The long record 
of this patient has been prepared for separate publication. 

L. C., a 69-year-old white woman, was admitted to hospital at 4:45 n.ii. 
Aug. 3, 1944, -vrith a large ventral hernia wMch had become strangulated and 
gangrenous. There was central crepitation and firm bravsTiy induration about 
the periphery. She was given 20,000 units of penicillin by intramuscular in- 
jection at 5 -.30 p.M. and then taken to the operating room. The central portion 
had already ruptured to permit escape of gas. At the operation this spon- 
taneous opening was enlarged, and the perforated loop of colon was drawn 
out of the wound and supported by a heavy glass rod through the mesocolon 
and surrounded by several pads to prevent its retraction. The patient was 
returned to bed in a critical condition. Penicillin, 20,000 units, was given by 
intramuscular injection at 7:30 f.w. and every two hours during the night. 
Culture of the exudate from the wound vdelded Clostridium welchii, Escherichia 
coli, and two types of anaerobic streptococci. At 9 :30 a.ai. August 4, 0.2 c.c. of 
coli bacteriophage was given along -with the 20,000 -units penicillin by intramus- 
cular injection, and this dose was continued every two hours to August 21. At 
this time she was allowed to dangle her feet. The colostomy continued to func- 
tion well. On September 23 the portion of transverse colon involved in the 
colostomy was fully resected, with end-to-end anastomosis of the colon and 
anatomical repair of the hernia. She was discharsed in good condition on 
^■ov. 20, 1944. 

II. N., a white woman, bom Dec. S. 1SS2. had a gastroenterostomy per- 
formed in 1934 and a .subtotal gastrectomy on Jiuie 21, 1945. During a stormy 
liostoperative period of six weeks with temperature range from 99.4 to 105.4° 
F, she received numerous intravenous infusions of dextrose, sulfadiazine, 
whole blood, blood plasma, and amigen. On August 3 the patient had an un- 
usually severe chill with rise in temperature to 106.0° F. A specimen of blood 
taken at 4:00 p.m. on this day jielded groisih of approximatelv 1.900 colonies 
of Esch. enh per cubic centimeter of the patient’s blood. Penicillin and coli 
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juaiiy iiitraimiscular injections, and llio oijenings on tlio log were practically 
healed. The patient was allowed to be out of bed. The penicillin was discon- 
tinued after 2 :25 p.ji. May 4, and the bacteriophage continued by intravenous 
injection 2 e.c. only twice daily to May 17. A small area of ulceration still re- 
mained, and so on May 17 the injections every two hour’s of bacteriophage 2 c.e. 
and penicillin calcium 10,000 units were started again. The ulcer was also 
treated locally with undiluted bacteriophage and penicillin 600 units per cubic 
centimeter for irrigation. The frequent injections were again discontinued on 
June 11, and only the bacteriophage in dose of 2 e.c. was continued twice daily to 
June 15. The last ciarst separated on June 11 leaving a smooth pink epidermis.® 
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BACTERIOPHAGE 

PEKIOIIiLm 

BACTERIOPHAGE 

PEMCILLIS 

(e.c.) 

(UMTS) 

(C.C.) 

(UMTS) 





October 9 





October 

11 (coni 

’ll) 


2; 

10 

P.M. 

5 I.V. 

10,000 

I.V. 

4 

:15 

A.M. 



10,000 

I.M. 

3: 

10 

P.M. 

10 I.V. 

10,000 

I.V. 

G 

:15 

A.M. 



10,000 

I.M. 

4; 

15 

P.M. 

15 I.V. 

10,000 

I.V. 

8 

:09 

A.M. 

10 

I.V. 

10,000 

I.V. 

5: 

18 

P.M. 

20 I.V. 






5 

local irrigation 

I.V. 







10 

:15 

A.M. 

10 

I.V. 

10,000 

G 

il5 



10,000 

I.M. 

12 

:14 

p.>r. 

10 

I.V. 

10,000 

I.V. 

8 

;15 

P.M. 


10,000 

I.3U. 

o 

:]5 

P.M. 

10 

I.V. 

10,000 

I.V. 

10 

;15 

P.M. 


10,000 

I.M. 

4 

:13 

P.M. 

10 

I.V. 

10,000 

I.V. 




October 10 






Oetnbcr IS 



12 

15 

A.M. 


10,000 

I.M. 

12 

:15 

A.M. 



10,000 

I.M. 

2 

15 

A.M. 


10,000 

I.M. 

2 

:15 

A.M. 



10,000 

I.M. 

4 

15 

A.M, 


10,000 

I.M. 

4 

:15 

A.M. 



10,000 

I.M. 

G 

15 

A.M. 


10,000 

I.M. 

G 

;15 

A.M. 



10,000 

I.M. 

8 

10 

12 

2 

4 

10 

13 

15 

07 

15 

A.M. 

A.M. 

P.M. 

P.M. 

P.M. 

10 I.V. 

10 I.V. 

10 I.V. 

10 I.V. 

10 I.V. 

10,000 

10,000 

10,000 

10,000 

10,000 

I.V. 

I.V. 

I.V. 

I.V. 

I.V. 

8 

10 

12 

o 

3 

;10 

:10 

;10 

;15 

;14 

A..M. 

A.^r. 

p.if. 

P.M. 

p.jr. 

10 

5 

10 

10 

10 

10 

I.V. 10,000 

local irrigation 
I.V. 10,000 

I.V. 10,000 

I.V. 10,000 

l.Y. 10,000 

I.V. 

I.V. 

I.V. 

I.V. 

I.V. 

G 

15 

P.il. 


10,000 

I.M. 




October IS 



8 

15 

P.M. 


10,000 

I.1U. 

S; 

:00 

A.^r. 

!) 

I.V. 



10 

18 

P.M. 


10,000 

I.M. 



1 
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October 11 



10 

13 

A.^r. 

10 

I.V. 



12 

:15 

A.M. 


10,000 

i.:m. 

12 

;10 

P.M. 

10 

I.V. 



2 

:15 

A.M. 


10,000 

I.M. 

2 

10 

P.M. 

10 

I.V. 




E. M., a 54-year-old white woman, secretary to a surgeon, was admitted 
Oct. 9, 1944, with right facial cai’buncle of 5 days’ duration. On the day of 
admission it presented brarvny edema of the face, threatening extension to the 
right orbit, an'd the temperature reached 102.0° P. on this day. After taking 
blood for sedimentation rate and blood culture and pus from the carbuncle for 
culture, the patient was treated Avith bacteriophage and penicillin as shoAvn 
in Table II. Note that the injections were given intravenously"- during the day 
and intramuscularly during the night. The patient aa’hs discharged at 4 :30 p.m. 
Oct. 13 in excellent condition and even escaped a visible scar. 

” ^his patient was seen on July 29, 1946. His condition at this time was e.xcellent. 
There had been no recurrence of ulceration. 
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concerned require further elucidation. For practical purposes it is significant 
that this combined action is also manifest in the clinical use of these agents in 
treating otherwise malignant infections, particularly those due to staphylo- 
cocci, colon bacilli, and selected members of the streptococcus group. 

The brief notes in regard to nine patients serve to indicate the sort of 
results which have been achieved by the diligent use of these agents in com- 
bination. Some of these cases have already been reported elsewhere in more 
detail. Others of them are of such practical interest that detailed case reports 
may be expected to appear in the future. Meanwhile, it is hoped that physi- 
cians confronted with problems of this sort may be encouraged to undertake 
the therapeutic programs which have sometimes succeeded in our hands. 

SUMM.VRV 

1. Cultures of staphylococcus moderately resistant to penicillin and to 
bacteriophages may be more effectively inhibited in their growth by a com- 
bination of these agents. Similar observations have been made on cultures of 
colon bacilli and some types of streptococci. 

2. Severe types of infection with staphylococcus, such as chronic osteo- 
myelitis, facial carbuncle, and staphylococcal endocarditis have responded to 
eomhined therapeutic use of penicillin and bacteriophages. 

3. Intestinal perforation associated nith general peritonitis and bacteremia 
has been successfully treated with coli bacteriophage and penicillin. 

4. Bacterial endocarditis due to streptococci relatively re.sistant to peni- 
cillin has responded favorably to treatment with penicillin and suitable strepto- 
coccus bacteriophage. 

TVe wish to thank Dr. R. L. Pre.«ton, Dr. E. r. Brenner, Dr. C. A. Poinflexter, Dr. K. 
McGrath, Dr. R. F. Carter, Dr. T. H. Russell, Dr. H. A. Riley, and Dr. .T. W. Hinton, for 
the opportunity to see and to treat their patients in consultation. 
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bacteriopliage -were tlien administered to September 2, and ttie bacteriophage 
eontimied to Sept. 19, 1945, -vvlien the patient was discliarged in good condition. 
The record of tliis patient is too long for pre.scntation here. 

S. A., a 47-year-old white man, Avas admitted Ang. 29, 1945, and after care- 
ful preoperative preparation the splenic flexure of the colon Avas re.sceted on 
September 4 to remove an annular car'cinoma. Subsequently the temperature 
rose and there aa^s a chill on September G, Avith signs of pneumonia. Sulfa- 
diazine and penicillin Avere administered Avithout favorable effect. On Septem- 
ber 17 he Avas disoriented, and there Averc bubbles of gas in the .subcutaneous 
tissues easilj^ detected by crackling over the chest Avail and left upper extrem- 
ity. In this grave situation stock coli bacteriophage and penicillin Avere given 
by injection every tAvo hoiU's. FolloAving abdominal paracentesis on September 
20, the peritoneal caAdty Avas irrigated tAviec daily Avith penicillin and coli 
bacteriophage, and after spontaneous rupture of the recently healed .surgical 
Avound, the fecal fistula at this site AA-as irrigated tAAuce daily AA’ith the penicillin- 
bacteriophage mixture. There AA-as extensiA-e soiling of the general peritoneal 
cavity AA-ith intestinal contents and free communication betAA-een the drain in 
the paracentesis and the opening of the .spontaneous fecal fistula. The peni- 
cillin and the bacteriophage Avere discontinued on FoA-ember 16, and the pa- 
tient Avas discharged to his home on NoA-ember 19. On llfay 20, 1046, he ap- 
peared to be in excellent condition. The record of this patient is in preparation 
for presentation elscAA-here. 

P. M., a 34-year-old Avhite man, AA-as admitted Jan., 23, 1944, and discharged 
Nov. 16, 1944. He had bacterial endocai-ditis Avith both Str. fecah’s and Sir. 
salivariu.<t found in cultures of his blood. He AA-as treated AA-ith enterococcus 
bacteriophage, penicillin, and sodium bismuth thioglycollate. The case report 
has already appeared.® We may add that the ])atient remained in good con- 
dition, actively engaged in business in June, 1946. 

J. P., a 27-year-old AA-hite man, AA-as admitted July 21, 1945, by transfer 
from another hospital Avhere he had been treated for bacterial endocarditis AA-ith 
sulfadiazine and penicillin OA-er a pei-iod of four months, during AA-hich time the 
bacterial infection of the blood stream continued. Tlie streptococcus of his blood 
culture required 8 Ainits penicillin per 100 c.e. to inhibit macroscoiiic groAA-th. 
The patient AA-as treated AA-ith penicillin, bacteriophages, and sodium bismuth 
thioglycollate and Avas finally discharged in good condition on Peb. 11, 1946. 
He Avas actiA-ely engaged in business in June, 1946. The long record of this 
patient is in preparation for separate presentation. 

COJIjAIENT 

The recent additions to the therapeutic agents aA-ailable for inlernal medi- 
cation in infectious diseases have improved in a marvelous fashion the oiitlook 
for success in dealing Avith these conditions. The biologic agents, penicillin, 
and the bacteriophages are not antagonistic to each othei-, and in many in- 
stances they can be shoAA-n to exert a synergistic effect upon the bacterial cul- 
ture in the test tube. This combined action in the test tube may be designated 
as a potentiating, conjoined, or synergistic effect. The precise mechanisms 
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Tabli; I. Mxux axd Group Agglutinins in Different Vapjeties of Ttphdss 



ox-19 

ox-2 

OX-K 


Epidemic t}*phns 

"i* 4* + 





Endemic typlius 

■r 'f'-r 




Scrub typhus 

— 


4-4*4- 


Eocky ^lountain spotted fever 

*f 

+ 




in either epidemic or murine tjTihus and that the OX-2 and OX-K agglutination 
is equal in titer to that found for the OX-19. Since these results are at variance 
with those observed in this lahoratorj-, it was considered worth while to present 
out data. While specific serologic reactions are now available for the diagnosis 
of Eockj’^ hloxmtain spotted fevei’,° the WeE-Felix agglutination test stiU re- 
mains an important lahoratorj' aid. Its value, however, depends upon the proper 
interpretation of the results obtained. 

The data presented in Table II represents the results of Weil-Felix tests 
obtained from a series of cases of Rocky Mountain spotted fever occurring in 
the United States Army personnel. The laboratory diagnosis was established 
in each case either bj" the isolation of the infectious agent from the blood of the 
patient or by the demonstration of the presence of specific complement-fixing 
antiliodies of Rocky hlountain spotted fever.® 

The Weil-Felis tests, using controlled nonmotile proteus strains of OX-19, 
OX-2, and OX-K, were performed according to the technique described in Diag- 
nostic Procedures and Reagenis.^^ The complement fixation tests were performed 
according to the method previously described.® 

An analysis of these data would indicate that the most frequent proteus 
agglutination pattern in cases of Rocky Mountain spotted fever is a high OX-19 
and a lower or negative OX-2 titer (eleven cases). This is foRowed in fre- 
qnenej' by a high OX-2 titer and a lower or negative OX-19 agglutination (four 
cases) , a low or negative OX-19 and a negative OX-2 (three cases) , and finally, 
one case in which equal titers were observed. These results are comparable 
to those reported by Spencer and Maxey^ and Davis and Parker.®*" 

It should be observed that 21 per cent of the patients in this series showed 
a high OX-2 titer and a lower or negative OX-19 agglutination. This combina- 
tion has not been reported as occurring in either epidemic or murine typhus 
nor have we found it in a series of such patients from whom serial specimens 
were examined.^'^’ 

While the response to the proteus antigens may varj- in individual cases, 
a common pattern or combination of results can be described as being charac- 
teristic for each rickettsial disease. The usual reactions observed in epidemic 
and murine typhus are characterized by a rise in OX-19 titer, which in certain 
instances may reach high levels. In these cases the OX-2 titer, when it occurs, 
is lower than the OX-19, and the OX-K is negative. This conforms to the re- 
sults as recorded by Felix.® In Rocky Moimtain spotted fever the OX-19 titer 
may be high and the OX-2 lower or negative. In these cases the OX-19 titer 
may reaeli levels comparable to those ordinarily found in either epidemic or 
murine typhus. Wlien the OX-19 titer is lower or negative and the OX-2 higher, 
we are justified in suspecting a case of Rocky ilountain spotted fever. Indeed] 



THE INTERPRETATION OF THE WEIL-EELIX AGGLUTINATION 
TEST IN ROCia" JrOUNTAIN SPOTTED FEVER 


H/Vrry Plotz® 
Washington, D. C. 


A fter the significance of tlie Weil-Felix agglutination in epidemic tjTihus 
Avas demonstrated,^ an attempt Avas made to ascertain Avhether this 
reaction occurred in another rickettsial disease, namelj’’. Rocky j\[ountain 
spotted fcAmr. AVhilc Kell}',- in 1923, obtained negatWe results Avith a 
proteus OX-19 strain in serum specimens from eight patients Avith Rocky 
Mountain spotted fever, Kerlee and Spencer,^ in 1923, re])ortcd that the serum 
from some patients developed agglutinins Arith OX-19 strains Avhich A\-ere far 
in excess of those encountered in control specimens. In four cases of Rock}’ 
Mountain spotted fever, AA'here single specimens Avcrc obtained during the 
febrile period or in early conA'alcscence, titers of from 1/320 to 1/2560 Avere 
observed. In one case, Avhere senal specimens Avere available, a definite rise in 
titer Avith an OX-19 strain Avas recorded. In 1930, Spencer and Maxc}’,* em- 
ploying both OX-19 and OX-2 strains in a series of four patients from AA’hom 
serial specimens AA'ere examined, obseiTcd one patient Avho shoAA’ed a high OX-19 
(1/1280) and a Ioav OX-2 titer (1/160) early in the disease, folloA\’ed by a Ioaa’ 
OX-19 (1/80) and a higher OX-2 titer (1/640) in early convalescence. The 
second patient shoAved a high OX-19 titer (1/2560) and no agglutinins Avith an 
OX-2 strain; the third patient dcA'clopcd Ioav titers for both OX-19 (1/40) and 
OX-2 (1/160) ; and the fourth patient khoAA’ed a high OX-19 (1/2560) and a 
high OX-2 (1/640) titer. Davis and Parker,' in 1932, studied a series of pa- 
tients from whom single specimens AA’cre examined and observed a high OX-19 
and a Ioav OX-2 relationship or a Ioav OX-19 and a high OX-2 titer. This Avas 
also observed in patients from AA’hom serial specimens Averc examined. These 
authors stressed the fact that relatiA’cly high titers AA’ith an OX-2 strain Avere 
occasionally encountered. In 1934, Davis, Parker, and Walker® again repoited a 
series of patients in Avhom various OX-19 : OX-2 relationships AA-ere observed, and 
the same authors,^ in 1938, reported tAA'o patients from AA’hom rickettsial strains 
Avere isolated Avho shoAved high OX-2 and Ioav OX-19 titers. It had thus been 
shoAvn that an OX-19 agglutination could be obtained in cases of Roeli}’ Sloun- 
tain spotted fever and that occasionally higher titers AA’ith an OX-2 strain aa’ci-o 
present. 

In 1933, Felix' prepared a table (Table I) representing the main and group 
agglutinins in different varieties of typhus. Data obtained from this table 
have been extensively quoted. According to these findings, it Avould appear 
that the OX-19 titer in Roclr}’ Mountain spotted fever is loAver than that found 
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the presence of an OX-2 agglutination titer of 1/320 or higher would lead us to 
suspect a ease of Eoclij- IMountain spotted fever. However, since the ’Weil-Pelix 
proteus agglutination is considered a nonspecific test, the final laboratory diag- 
nosis will depend upon the isolation of the infectious agent or the demonstration 
of specific antibodies,’® In scrub tj^ohus the OX-19 and OX-2 agglutination are 
negative, and a rise in OX-K titer is usually, but not always, present.’*’ A 
rise in OX-K titer was formerly regarded as being characteristic of scrub tJTihus 
alone, but Zarafonetis, Ingraham, and Berrj-’® have recently shown that this can 
occur in louse-borne relapsing fever. The proteus agglutination reactions in 
“Q” fever are all negative.”’ 


Table III. Usu.\l Weil-Felix Agglutixatiox Eeactioxs Obsep.\-ed ix Eickettsial 

Diseases 



ox-19 

ox-2 

OX-K 


Epidemic typhus 

-h-I-i-f 

T 

0 


Murine typhus 

-r + - i--r 

T 

0 


Scrub typhus 

0 

0 

-r-f -T-f 


“Q” fever 

0 

0 

0 


Eoeky Mountain spotted fever 


J. 

0 





0 



The results, as recorded in Table III, are suggested as representing the 
usual 'W'eil-Felix agglutination results occurring in cases of epidemic and murine 
tjT)hus, scrub tj-phus, “Q” fever, and Rockj' Mountain spotted fever. 


SUMil.VRY 

The usual IVeil-Felts; agglutination found in Rocky Jlountain spotted fever 
is characterized by a high OX-19 and a lower or negative agglutination with an 
OX-2 strain and a negative OX-K. In these cases the OX-19 titer may reach 
levels equal to those found in either epidemic or murine typhus. The next most 
frequent combination is a high OX-2 titer and a lower or negative OX-19 ag- 
glutination. Since this grouping has not been described as occurring in cases 
of epidemic or murine typhus, we are justified in suspecting a case of Rocln- 
Mountain spotted fever when it is present. The final laboratory diagnosis, how- 
ever, will depend upon the isolation of the infectious agent or the demonstration 
of a rise in titer of specific antibodies. A table is suggested as representing the 
usual Weil-Felix agglutination reactions obseiwed in rickettsial diseases. 
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Table II. Weii^Felix Agolutikation in Cases oe Rocky Mogntakv Spotted Fever 


CASE 

DAV or 
lELXESS 

O.Y-19 

WEIL-FEUX 

1 ox-2 

CO.MI’LEMEXT EIXATIO.V 
liOCirv JIOU.VTAIN 
SPOTTED FEVER 

1 

21 

0 

1/1280 

0 


31 

0 

1/320 

0 


40 

1/80 

1/80 

+ 

o 

7 

0 

0 

+ 


23 

0 

0 

+ 

3 

10 

1/160 

1/2500 

■1 


14 

1/100 

1/1280 

+ 

4 

4 

1/40 

0 

0 


5 

1/80 

0 

0 


13 

1/2500 

1/80 

X 

5 

17 

1/2500 

1/040 

0 


35 

1/320 

1/1 GO 

+ 

n 

7 

0 

0 

0 


10 

0 

1/100 

0 


24 

0 
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+ 


51 

1/80 

1/80 

+ 

7 

17 
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0 

+ 


34 

1/1280 

0 



05 
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0 

+ 
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9 

0 

0 

0 


10 

0 

0 

•f 


18 
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A/C 

p 

5 

0 

0 

0 


18 

1/320 
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+ 


45 

1/40 

1/80 


10 

9 

0 

1/40 

0 


12 

1/100 

1/1280 

+ 

11 

4 

0 

0 

+ 


9 

1/040 

1/100 

4* 

12 

12 

0 

0 

0 


10 

1/2500 
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-1 


21 

1/1280 
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+ 


31 
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0 

+ 

13 

0 

0 

0 
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9 
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18 
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14 
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0 


25 
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17 

8 

0 
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13 
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23 
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+ 

18 

9 
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1/40 



28 
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+ 

19 

7 

0 

0 

0 


13 
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0 

* 

20 
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1/040 

0 
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SULPON>V]MIDES AND DARK ADAPTATION 


Donald Sl^vughter, M.D.® 

Dallas, Texas 

F ollowing the description by Buey^ of a case of optic neuritis resulting 
from the administration of sulfanilamide, various visual disturbances ha^ e 
been described following sulfonamide therapy. 

Since 1939. a number of transient myopias have been reported in the liter- 
ature.-'^® The majority of these cases were due to sulfapyridine, while suifa- 
thiazole and sulfadiazine seemed innocuous in this respect. The pathogenesis 
of these disturbances is obscure, but in 62 per cent of the reported cases the 
myopia was brought on by usual therapeutic doses (from 2 to 10 Gm.) of the 
responsible agent. ‘ Jlydriasis usually accompanied the myopia, and treatment 
with atropine and homatropine could not be shown definitely to alter its course. 
However, when administration of the drug was stopped, vision gradually re- 
turned to normal. 

Cataracts, retinitis, reduction of the visual fields, blurred vision, and 
changes in accommodation have variously been reported in isolated eases of 
patients receiving sulfonamides. Alvaro,^^ Rosenthal,^® and Reynolds, Evans, 
and Walsh’® have noted the effects of sulfonamides on lisual fields, visual 
acuity, light and color sense, accommodation, muscle balance. For the most 
part, all these authors found some reduction in the width and length of visual 
fields, as well as a decreased power of accommodation. None of these authors, 
however, reported any marked change in visual acuity, and, so far as we have 
been able to ascertain, the literature does not contain a reference to the effects 
of sulfonamides on dark adaptation. 

It is common loiowledge that some persous Avho require therapy ■with sul- 
fonamides (pilots, bombardiers, motorists, locomotive engineers) have been 
told not to follow their profession during a course of these drugs. It has been 
taken for granted, it is presumed, that the reason for such a statement has 
liad to do with some decrease in the 'visual efficiency of such indi-viduals when 
they have been so treated. For this reason we are reporting our experiments 
on the effects of three commonly used sulfonamides upon dark adaptation. 

For the determination of the dark adaptation time, a Feldman adaptom- 
eteri was used. For each test the following technique was routinely adopted ; 
The subjects were requested to avoid bright lights before the test. For ten 
minutes they sat quietly in a semidarkened room. The test was performed in 
a dark room. For three minutes the subjects looked at a bright light. This 
was th en turned off, and the time required to identify the direction of an 
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noted that all values fall well within the range of five minutes characteristic 
of normal night vision when tested with this apparatus (Feldman* ). They 
also fall within the more narrow range of normal values given by Heeht and 
Ivlandelhaum-^ for test lights of the same brightness. 

As the subjects used in these experiments were in normal health through- 
out the experiment and were mostly trained to observe and note their omi 
feelings, it is interesting to report the symptoms eii'ideneed by them during 
their medication period. 

In Group B, with the exclusion of two slight headaches, no untoward 
symptoms were reported. All subjects of Group A receiving sulfathiazole 
witnessed paresthesia of the tongue ; this took the form of tingling and numb- 
ness and sometimes disturbances of taste. Subjects of Group C were most 
affected of all. "Without exception they complained of headaches, nausea, 
dizziness, and general malaise throughout the entire medication period. One 
subject vomited and discontinued the drug after the first day. In three others, 
although there was no vomiting, the symptoms were so pronounced that they 
led to the discontinuing of the drug after the second day. Four eases reported 
paresthesias of feet and legs. In all three groups mental slowness and some 
disturbance of memory was a frequently reported symptom. 

SUMSIART 

1. Results on eighteen healthy individuals indicate that neither .sulfathi- 
azole, sulfadiazine, nor sulfanilamide significantly alters dark adaptation time 
as measured by the Feldman adaptometer. 

2. There is an indication, however, that those subjects which received sul- 
fanilamide exhibited enough increase in their dark adaptation times to sug- 
gest a possibility that this sulfonamide may have a direct effect upon dark 
adaptation. 

3. These experiments would not corroborate the general opinion that per- 
sons taking small doses of sulfonamides daily need necessarily be concerned 
about visual acuity or efficiency. 
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oblong test light of nniforin blue-violet eolor was determined as the dark 
adaptation time. The brightness of the lights was about 2.8 lamberts for the 
exposure light and log 6.18 /z/i lamberts for the test light.* For the identifica- 
tion of the test light, the .subject .sat at reading distance from it and was 
requested to direct both eyes toward a “fixation point” in order that the 
threshold be taken on a predominantly rod area. 

Using this method, the dark adaptation time of eighteen normal volunteers 
of both sexesf was determined before, during, and after medication witli sul- 
fathiazole, sulfadiazine, and sulfanilamide. 

The .subjects were divided into three groups of six. Group A received 4 
6m. of sulfathiazole daily for three days and Group B a similar dosage of 
sulfadiazine. In Group C, two subjects received 4 Gm. of sulfanilamide, hut 
in four cases the medication period was shortened because of toxic manifesta- 
tions such as nausea, vomiting, and general discomfort. 

The drugs were taken in four doses at the following times: 8:30 and 
11:30 - 1 ..W., 2:00 and 4:00 p..m. Adajdometer tests were made three times daily 
at fifteen minute intervals between 5:00 and 7 :00 p..m. before and after (control 
period), as well as during, the medication period. Blood samples were taken 
during the medication period on the fir.st and thii’d days immediately after 
the completion of adaptation time determinations. ’ Free and total blood 
sulfonamide concentration was determined I)y tlie method of Bratton and 
Marshall.^'’ 

TabIjE I 




1 PAltK ADAPTATION TI.ME IN' SECONDS | 

brood 



CONTROb 

MEDICATION 

suijFONamidls 

GROUP 

DRUG 

PERIOD 

PERIOD 

(FREE MO. 7c) 

A 

Sulfathiazole 

49 ±20 

57 ±22 

6.0 + 1.3 

B 

Sulfadiazine 

42 + 22 

37 + 19 

7.6 ±1.4 

G 

Sulfanilamide 

44 ±23 

67 ±40 

7.0 ± 0.8 


The results are summarized in Table I. As shown by the standard devia- 
tions, the values for dark adaptation times in each group were somewhat 
variable. This was true not only for the data treated as a whole in each group 
but also for the determinations made on each single subject. This is not sur- 
prising considering the multiple influences, psychologic and other, that play 
upon the subject endeavoring to spot the test light and estimate its direction 
in minimum time. With practice, however, results became more uniform, and 
the time required for dark adaptation decreased. Tliis trend was apparent in 
all three groups. 

Under the conditions of our experiments, no group revealed a statistically 
significant difference between the adaptation times of the control and medi- 
cation periods. However, in two subjects of Group C, the dark adaptation 
times were consistently elevated during the medication period. It appears 
difficult to evaluate at present the significance of these changes. It should be 


•This ■was erroneously printed as loe l.S/t lamhert in the abstract (Federation Proc. 4: 
135 1944)* 

’ +-TO -0 wish to thank the medical students (no-w phy.sicians) at the University of Vermont 

and the technicians of Mary Hitchcock Hospital, Hanover. Neiv Hampshire, n-ho were sub- 
jects for this experiment. 







LIVER FUNCTION TESTS IN NEUROSYPHILITIC PATIENTS WITH 
INDUCED VrVAX jMALARIA OP PACIFIC ANT) 
^MEDITERRANEAN ORIGIN 

Lieutenant Colonel Stuart W. Lippincott and Colonel Alexander DLarble, 
Medical Corps, Capt^ain Lester D. Ellerbrook and Major Willlam 

B. Hesselbrock, Saxit^vry Corps, Captain Williaai W. Engstroai 
AND ]\Iajor H. H. Gordon, Medical Corps, 

Ariia' of the United States 

TN AN earlier papeF it Avas reported that only mild, transient disturbances of 
1 liver function Avere noted in patients A\'ith naturally acquired, relapsing A-iA'ax 
malaria of Pacific ori^n. AU of these soldiers liad been given quinaerine 
promptly to terminate their acute attacks. In this paper are presented the find- 
ings in 138 soldiers Avith neurosyphilis Avhose induced malarial fever Avas ter- 
minated AATth quinaerine only after the 3 ' had had on the average eight to fourteen 
paroxj'sms and about tAvent.v day's of parasitemia." 

SUBJECTS and JIETHODS 

The subjects Avere 138 soldiers Avith neurosyphilis Avho had completed at 
least one standard course of antisjiihilitic chemotherapAL Prior to inoculation 
with vivax malaria of Pacific or Mediterranean origin bj- the bites of laboratorj-- 
bred, infected, domestic, anopheline mosquitoes or by the intraA'enous injection 
of five to 7 e.e. of blood containing trophozoites, tests of liver function Avere made. 
The tests were repeated during the course of the malaria and at A'aiying times 
folloAving termination of the malaria Avith quinaerine (2.8 Gm. in 6 days). The 
patients had an average of forty* hours of fever over 10-1° Fahrenheit. 

The foUoAving tests Avere perfonned: bromsulfalein, cephalin flocculation, 
galactose tolerance, intravenous hippuric acid, ictenis index, serum bilirubin, and 
urine urobilinogen. The details of the methods used have been given in an 
earlier paper.’ 

result.^ 

Uromsulfalein Test. — ^The bromsulfalein test Avas carried out in 138 neuro- 
syphilitic patients (Table I). The amount of dyestuff injected A\-as 5 mg. per 
kilogram of body Aveight, and retention of up to 4 per cent at forty-five minutes 
Avas considered nonnal.’ Prior to fever therapy 138 patients Avere tested, and 
117, or 85 per cent, gave normal findmgs. Twenty-one men had abnoi-mal A-alues 
including ten Avith 6 per cent retention, eight AA-ith 8 per cent, one Avith 10 
per cent, one with 12 per cent, and one Avith 40 per cent. PolloAving fever 
therapy (from 10 to 100 days later) sixty-six of these 138 men were re-exam- 
med, and in fifty-eight men, or 88 per cent, the results Avere normal. The 
eight m en Avith abnormal A'alucs included tAvo AA-ith 8 per cent retention, one 
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Galactose Tolerance Test.— The galactose tolerance test was performed on 
106 patients prior to malarial therapy, and only one of these exereted over the 
accepted highest normal value of 3 Gm. of galactose in five hours. No tests 
were done during fever therapy. Following fever thei'apy thirty-one men were 
retested, and all findings were normal. It so happened that the patient ivith a 
slightly abnormal value before fever therapy was not re-examined after therapy. 

Intravenous Hippuric Acid Test . — The intravenous hippuric acid test was 
performed on twenty-five patients. Results were reported in tenns of hippuric 
acid in the urine specimen voided one hour after the intravenous injection of 
1.77 Gm. of sodium benzoate. A value below O.SO Gm. was considered abnormal.^ 
Prior to fever therapy all values were normal. After a minimum of fifteen hours 
of temperature of not less than 104° F., three of twenty-two men who were re- 
tested had abnormal findings. From thirty to eighty days after disappearance 
of fever, twelve of the twenty-five men were retested, and ten were normal. The 
other two men had abnormal values during fever, and on this occasion following 
fever one still remained abnormal. In two of the three men with abnormal results 
during the period of fever therapy, there was also definite eridence of hrom- 
suKalein retention, namely 36 and 40 per cent, respectively. Following fever 
therapy the bromsulfalein values were normal in these two patients. 


Table HL Icterus Index, Seruu BrnmuBm, and Hein e TTe obiunogen in Patients With 
Neubosyphiijs Beeoee, During, and Immediatelt After Malariai, Peter Therapv 



SEVEN DATS 

before 

FIRST 

POSITIVE 

SilEAR 

PEPJOD OF PARASITEUIA 

PEPJOD OF SEX DATS’ 
QUINACPUNE IREATAIENT 

SEVEN DATS 
BEGDVNTNG -WITH 
FIRST POSITIVE 
SMEAR 

SEVEN 

DATS 

before 

QUINA- 

cp.rsE 

TREAT 

ment 


LAST THREE D.VYS 

Icterus Index 

Humber of pa- 

12 

32 

32 

32 

32 

tieuts 






Humber of 

12 

44 

57 

o3 

34 

tests 






Per cent tests 

8 

12 

3S 

47 

15 

>8 






Serum Bilirubin 

dumber of pa- 

13 

32 

32 

32 

32 

tieuts 






Number of tests 

13 

45 

03 

54 

33 

Per cent tests 

7 

7 

17 

24 

12 

> 0.50 






Urine Urobilinogen 


1 SEVEN DAYS 






BErOPX 

SEVEN DATS 





FIRST 

BEGIXNIXG 

SEVEN D.VTS 

SIX DATS OF 


POSITIVE 

■WITH FIRST 

BEFORE QUINACRINE 

QUIKACRHCE 


SMEAR 

POSITIVE SHEAF. 

TRE-iTilENT 

TREATMENT 



11 2 3 4 5 0 7 

1 7 6 5 

43211123450 

Number of pa- 
tients 

32 

IS 21 21 25 21 21 22 

20 IS 22 24 20 25 25 

25 24 2S 23 27 2.3 


Number of test.*! 
For cent 
> 1 :Cn 


92 IS 21 21 25 21 21 22 20 IS 22 24 20 25 25 "5 "4 ‘’S oo o- o-> 

n 0 5 14 4 14 19 41 2.5 2S .SO .IS 05 40 40 ?.0 40 'o 1.5 "o 
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Table I. Bbomsulfalein Tests in Patients With Neukosypiiiijs Befoise, During, and 

After MAEiVRiAii Fetor Therapy 


relation to fever therapy 

before I 

during 

(15 TO 40 HOURS 1 
OF FEVER) 

AFTER 

(10 TO 100 

DAYS LATER) 

Number of patients 

138 

18 

00 

Number of tests 

138 

18 

06 

Patients with retention of 0 per cent 



or greater 




Number 

21 

15 

8 

Per cent 

15 

S3 

12 


with 10 per cent, two with 12 per cent, otic witli 10 ])er cent, one with 32 
per cent, and one witli 40 per cent. Of llie 13S patients only eighteen were 
tested before, during, and after fever tl»cra]iy. Fourteen of tliese men had 
normal values in the pre-fever study, wliilc tlirec iiad 0 jier cent retention and 
one 8 per cent. During fever tlierapy fifteen of these men had abnormal value.s 
with those in ten ranging between 12 and 40 per cent. Following thcraiiy fifteen 
of the eighteen patients had normal values, while of the remaining three with 
abnormal values one had 10 per cent retention, one liad 12 per cent, and one 
had 32 per cent. 

Cephalm Flocculation Test . — A series of 256 sera from forty patients 
(Table II) were tested with the Wilson antigen, and ISl sera from thirty-six of 
these same patients were tested Avith the Difeo antigen. Before inoculation with 
malarial parasites and from inoculation to the finding of the fii’st positive smear 
for malaria, no 3 or 4 plus results were obtained. During the next four days 
12 per cent of the results with the Wilson antigen and 15 per cent rvith the 
Difeo antigen were 3 or 4 plus. After the fifth day there ivas a sharp increase 


Table H. Cephalin Flocculation Tests in Patients With Neup.osy'philis Before and 

During Malarial Fei-er Therapy 



1 PERCENTAGE OP 3 AND 4 PLUS TESTS 

TIME OF TESTS WITH 
RELATION TO MALARIA 

WILSON ANTIGEN (25G TESTS 
IN FORTY PATIENTS) 

DIFCO ANTIGEN (181 TESTS 
IN TmRTY-EIX PATIENTS) 

Before inoculation 

0 

0 

Inoculation to first positive smears 0 

During days of positive smears 

0 

lto4 

12 

15 

5 to 7 

35 

33 

Stoll 

70 

94 

12 to 14 

89 

96 

15 to 18 

97 

100 

19 to 21 

100 

100 


in positive results, so that within a period of from fifteen to eighteen da 3 's with 
the Difeo antigen and from nineteen to tiventy-one days with the Wilson antigen 
all had a 3 or 4 plus test Avhich persisted during the next week in those individ- 
uals who were tested. No tests were performed folloiving fever therapy. It is 
noteivorthy that in the present studies the sensitiAutj^ of the Wilson and Difeo 
antigens was about the same, whereas in the previous study^ the Difeo antigen 
at that time Avas more sensitive. 
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C.C, of blood: bromsalfalein. In per cent retention at forty-flve minutes after the giving at 5 mg. of 
n:cct!on of 1.7' Gm. of sodium benzoate; galactose, in grams excreted in tbc nrine in five hours after 


*ion of fever liy quinnerine. The increase carried over into the first three days 
of quinacrine treatment dnrin" wliieii abnormal valncs rose still inrthor to 47 
ond 24 per cent, respectively. However, dtu'ing the next tliree days abnormal 
I allies dropped to 15 and 12 per eent, respectively. 

l/rinc TirohiJinorjev . — The test for urine urobilinogen was performed on 
frc.sh morning specimens, A positive test in a dilution greater than 1 :20 was 
considci-ed to bo aimoi-mal and is herein referred to as a positive test. Examina- 
tions of the urine wore carried out in the same thirty-two men on whom icterus 
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Table IV. Ltit.r Foncttion Tests in Thirty-Two Nedrosyphilhic 
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The results shown In this table are expressed as follows : icterus index, in units ; bilirubin, in miHi?ram- ^ 
the dye per kilogram body weight: hippurlo acid. In grams excreted in the urine in one liour after tlie mm' , 
the giving of 40 Gm. of galactose by mouth ; uroblBnogen, highest dilution of urine giving a positive test. ^ 
•Developed clinical jaundice. 
tNumber of tests. 

jPer cent abnormal. , 


Icterus Index and Serum Bilirvbin Concentration . — Sera were taken from 
thirty-two patients for determination of the icterus index and hilinibin concen- 
tration of tlie same specimens (Table III). A tmlne of over 8 units was con- 
sidered as abnormal for the icterus index and over 0.5 mg. per 100 c.c. for the 
serum bilirubin concentration.^ In the seven-daj’' periods before and following 
the Si’s! positive smear, a maximum of 12 and 7 per cent of abnormal values 
was reached for the ictems index and serum bilirubin, respectively, with a rise 
to 38 and 17 per cent of abnonnal values in the last seven days before termina- 
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previously been shown in this laboratory that South Pacific ^i^ax inalaiia, which 
was to he used therapeutically in many of these patients, disclosed some eiidence 
of transient disturbance in liver function during recurrent attacks but ga^ e 
little or no indication of pennancnt hepatic dj'sfunction ; and (4) the patients 
could be observed both clinically and by laboratory tests over long periods of 
time, so that the data gathered could be evaluated and conipai’cd with current 
reports oi therapeutic malaria of American origin. 

It has been stated by Fredricks and Hofflrauer-^ that the postmalarial death 
of a 46-year-old wonrarr under their observatioir sharply focused their attention 
ou tlic scant evaluation iir the literature of hepatic function in therapeutic 
malaria. These authors iirvestigated thirty-one patients with neurosyphilis inoc- 
ulated intravenously with benigrr tertiarr malaria. No manifest liver disease was 
noted prior to malarial therapy. Hepatic function was evaluated by several 
types of tests. These authors felt that all of their patients adequately studied 
showed some evidence of liepatie dysfunction but that the abnormalities repoided 
were not presumed to indicate irreversible hepatic damage and the oecniTence 
of such changes did not constitute a reason for avoiding the use of a well-tried 
and effective therapeutic agent, Kopp and Solomon-' studied the liver function 
in fifty-one patients with neurosyphilis (prenously given tiyparsamide over 
long periods of time) treated with malarial fever, artificial fever, or fever in- 
duced by typhoid raceme. Their impression was that following such therapy 
some alteration of liver function may develop but in most instances is only 
of mild degree. 

In our series of patients with neurosMihilis, Pacific and Mediterranean vivax 
malaria was induced both by sporozoite and blood inoculation. In general, the 
results of our serial studies of liver fimetioii using malaria of foreign origin are 
similar to those cited®- ^ in the use of malaria of American origin. Before fever 
therapy a small percentage of our patients showed slightly abnormal values with 
the bromsuKalein and serum bUirubin tests but with no other tests. The ab- 
noi-malities were possibly related either to previous antiswptulitic chemotherapy 
or to sj-philis itself. During fever therapy bronisulfalein retention occurred in 
most patients studied with values ranging up to 40 per cent. Abnormal values 
were also observed during fever therapy with the cephalin flocculation test (ah 
3 or 4 plus) and -with the icterus index, sei-um bilirubin, and urobilinogen tests, 
-liter termination of fever therapy with qninaerine administration, the tendency 
was for the results in practically all types of tests to be normal within approxi- 
mately tw’o months. 

SUMM.VKY 

The findings obtained in the present study may be summarized as follows : 

1. The results of the bromsulfalein te.st showed that: 

(a) In 13S patients tested prior to fever therapy, fifteen per cent had 
abnormal values with only throe individuals having 10 per cent or more retention. 

(b) During fever therapy, of eighteen patients studied, fifteen, or S3 per- 
cent. had ahnor-mal values with ten ranging between 12 and 40 per cent. Follow- 
ing fever therapy fifteen of these patierrts had normal values. 
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index and scrmn bilirubin concentrations were dotennined. In tlie week prior 
to the appearance of the iii-st positive smear i'or malaria, ninety-two tests were 
made on the group and all were iregativc. In a daily study for seven days from 
the finding of the first positive smear, there was an increase in positive tests 
from 6 to 41 per cent. This value Avas not exceeded in the seven days prior to 
termination of quinaevine therajAy, and during six days of such treatment the 
posith'e values fell gradually to 6 per cent. 

Serial Tests of Liver Fimeiion With Clinical Correlation. — It Avas not pos- 
sible to carry out all the tests of liA’cr function in all 13S patients before, during, 
and after fcA’cr therapy. IIoAvcver. fairly comi)leto studies Avero made in thirty- 
tAvo patients. The results of these studios are shown in Taljlc IV, together Aritli 
certain clinical findings in thc.se ea.se.s. 

All of the patients Avere considered to be good rislcs for fever therapy. None 
presented clinical evidence of hepatic disease prior to treatment, except that one 
patient slioAA'cd a slightly, and another a moderately, elevated serum bilirubin 
(other tests in these patients Avere Avithin normal limits). 

Of tAventy-nine patients adequately folloAved Avith liver function tests during 
the course of fever, tAventy-one or 72 per cent shoAved results that deviated 
slightly or moderately from normal by one or more tests. Of these tAventj'-one 
patients sixteen sliOAved hepatic enlargement, six shoAved hepatic tenderness, 
nineteen had nausea, thirteen had vomiting, and three developed clinical jaundice 
during the period of malarial actiA'ity. Taa’o patients shoAved some hepatomegaly 
but no manifest alteration in liver function. In all instances except three (Pa- 
tients 1, 13, and 32) the observed changes in liver fitnction returned to normal 
after completion of malarial therapy. Izi only one of the three (Patient 32) 
was the residual abnormality such as to make the prognosis AAoth respect to liver 
disease a guarded one. 

At this hospital, of 172 patients treated Avith vivax malaria of foreign origin, 
eight men, or 5 per cent, dcA’cloped clinical jaundice. In all eight cases the 
liver Avas enlarged and tender, 1)ile Avas present in the urine, and the Amn den 
Bergh test Avas delayed or direct. The clinical picture aaus that of an acute 
hepatitis and not that of icterus caused solely by excessiA’e hemolysis of red cells. 
FollGAAfing fever therapy there Avas no clinical evidence of hepatic disease. In 
six of these patients on Avhom bromsulfalein tests AA^ere perfoi’med after feA^er 
therapy, the results Avere normal. In all instances teimination of fever Avith 
quinacrine and the institution of general supportive measures (intravenous solu- 
tions of glucose, high carbohydrate and pi-otein diets, and extra vitamins) re- 
sulted in a fairly prompt disappearance of the jaundice and a return of abnoimal 
liAmr function tests to normal. In none Avas there evidence of permanent hepatic 
damage. 

DISCUSSION 

These patients Avith neurosyphilis formed a desirable group in aa^McIi to 
study liver f miction because: (1) most of them had completed a standard 
course of chemotherapy; (2) an inseetary for the I'aising of Anopheles qnad- 
rimaculahis mosquitoes for sporozoite inoculation Avas available; (3) it had 
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I T IS ivell knoivn and agreed that the effect of ligation of the pancreatic ducts 
is an immediate rise in the serum amylase and lipidase values.’'^ There is 
le.ss agreement, hoivever, in the matter of the more chronic effects of ligation 
of the pancreatic ducts upon the concentration of these enzymes in the hlood. 
Gould and Carlson' reported transient rises in the hlood amylase for a period 
up to six -weeks folio-wing pancreatic duct ligation. Golden and associates' 
demonstrated a permanent increase in hlood amylase in three out of four dogs 
folio-wing the same operation. This is difheult to explain in vie-w of their 
finding that tlie pancreas in all four dogs -was converted into small, thin, cord- 
like remnants. Popper and Sorter® kept t-wo dogs alive for t-welve months fol- 
io-wing pancreatic duet ligation. After a transient rise in the amylase at three 
weeks and six weeks postoperatively in one of the t-wo animals, -with a corre- 
sponding rise in the lipidase at three weeks, they found the amylase and lipi- 
dase values to he completely within the normal range for both dogs until the 
termination of the t-welve months’ period. Gross examination of the pancreas 
in both dogs showed it to he a thin, small, cordlike mass, while microscopic 
examination revealed an abundance of connective tissue -with intact i.slets of 
Uangerhans and small nests of cells which resembled acinar tissue. hlcCa-ughau'’ 
approached this problem differently by introducing a rubber balloon into the 
duodenum and distending it -with water until the pressure reached 90 mm. Hg: 
oxalated blood samples then showed a rise in amylase of 250 per cent in one 
animal and 380 per cent in another. However, after ligating the pancreatic 
ducts and allo-n-ing time for the pancreas to atrophy, repetition of occlusion of 
the pancreatic ducts by the distended balloon caused no rise in the blood 
amylase. 

A somewhat similar situation occasionally occurs in patients folio-wing an 
attack of acute pancreatitis. Pinkham® reported six cases in which there was 
persistent elevation of the serum amylase follo-u’ing the signs and sj-mptonis of 
pancreatitis. Surgical exploration revealed the presence of collections of pan- 
creatic fluid called pseudocysts, and drainage of these fluid collections promptlv 
eaused a decrease in the serum amylase in four of the six cases. Curiously 
enough, there was no rpiantitative relation.ship between the serum and the evst 
fluid amylase value.s. 

•'Vn..hlnct?n Blochemlstrj' and Anatomv. School of AMicine. The George 
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(e) Following fevcv therapy sixty-six of the 138 patients were I'C-cxamined, 
and fifty-eight of them, or 88 ]icr cent, were normal. 

2. Cephalin flocculation tests using Wilson and Difeo antigens siiowed that 
before inoculation and up until the first positive .smear tlie percentage of 3 and 
4 plus tests Avas zero; however, by the twenty-first day it was 100. No tests 
were perfonned after termination of fever. 

3. Only one of 106 patients on whom galactose tolerance tests were per- 
formed prior to malarial therapy had an abnormal value. Following tlierapy 
thirty-one of these men Avere rcte.sted, and all had normal A-alucs. 

4. The intravenous hippurie acid lest Avas iJcrformcd on tAventy-five patients 
prior to fever therapy, and all results Avere normal. TAventy-tAvo of these men 
AA'cre retested during fever thera])y, and three had abnormal A’alues. On the 
re-examination of tAA’o of tliem folloAving lhera])y, one still remained ahnoimal. 
An additional ten of the original men AA'cre retested folloAAing feA’er therapy 
and gave normal findings. 

5. The icterus index and scrum bilirubin concentration Avere determined on 
the same sera of thirty-tAvo patient.s. During the last seven days of fever therapy 
abnomal A'alues A\'ere found in 38 and 17 per cent, re.spec1 ively, Anth a rise to 
47 and 24 per cent during the first four days of (piinacrine treatment and a 
fall to 15 and 12 per cent in the next three days. 

6. Tlie urine urobilinogen test Avas performed on the same thirty-tAVO patients 
just mentioned. All tests Avere normal prior to the fii-st positive smear, but by 
seven days later 41 per cent Avere abnormal Avith a fall to 6 per cent abnoimal 
tests at the end of quinacrine treatment. 

CONCLUSIONS 

1. Tests of liver function Avere carried out before, during, and after fever 
therapy in certain of 138 patients Avitli neurosyphilis in Avhom malaria of Pacific 
or Mediterranean origin Avas induced by sporozoite or blood inoculation. 

2. Although the results gaA^e definite CAudence of impaiiment of function in 
the majority of patients during fever therapy, serial studies during the two 
months folloAving termination of feA'cr Avilli quinacrine shoAved a gradual return 
to normal, or to the condition prior to fever therapy, in practically all instances. 
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Gat 1 . — 

Gross Findings: The pancreas appeared o£ normal length but was stringy 
and cordlike. No communication between the pancreas and the duodenum 
could be observed. A small pea-sized cyst filled with clear fluid was present 
on the exterior of the duodenum at the site of ligature, but no pancreatic tissue 
could be seen. The liver was of normal size but appeared yellowish and fatty. 

Microscopic Examination: The pancreas was normal except for some 
eosinopliilia of the distal cytoplasm of the acinar cells and some slight de.s- 
((uamation of the epithelium of a few of the alveoli. The islet and ductile tissue 
were normal. The liver showed small areas of intracellular fat infiltration and 
some abnormal dilation of the sinusoids. 

Gat 2.— 

Gross Findings: The pancreas appeared to be completely replaced by 
stringj-, cordlike, fibrotic tissue. In the head of the pancreas near the second 
part of the duodenum a small hard mass which tapered off into the replaced 
pancreas could be palpated. On cutting into it, it was seen to be cystic, con- 
taining a clear watery fluid and continuous with the main pancreatic duct. 
Xo communications between the pancreas and duodenum could be demon- 
strated. 

Microscopic Examination: The pancreas showed a marked increase in the 
interlobular connective tissue and a considerable reduction of acinar tissue. 
This was confined to small encapsulated areas among the extensive “scar” 
tissue. Most of the residual alveoli had dilated lumens lined with flattened 
epithelium. Bather extensive aggregations of lymphocytes had infiltrated into 
the hypertrophied connecthm tissue. Histiocytes and fibroblasts were numer- 
ous in these small round-cell clusters. There was no evidence of fat necrosis. 
The islet tissue was normal. The liver was normal except for an unusual num- 
ber of von Kupffer cells. 

Gat 3 . — 

Gross Findings: The pancreas appeared stringj- and cordlike but of nor- 
mal length, extending to the spleen. A small cj-st, pinhead in size, was present 
at the site of ligature at the head of the pancreas. 

Microscopic Examination: The pancreas had only a small amount of nor- 
mal acinar tissue. IMost of the alveoli showed a considerable amount of 
desquamation of the secretory epithelium. The lumens of some acini were di- 
lated and the epithelium was flattened. The interlobular connective tissue 
showed slight hjqierplasia. The islet and ductile tissues were normal. The 
liver was normal. 

Cat -i.— 

Giyss Findings: The remnants of the pancreas were extremely difficult to 
iveognize and identify as pancreas, since the area was almost completely 
hbrotie. A small cyst was present at the site of ligature at the head of the 
pancreas. Xo communication between the remnants of the pancreas and the 
duodenum could be found. 
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Tliis paper is a report oJ' work designed to obtain inforjiiation upon tlie 
relationship of blood ain 3 'lase and lipidasc to the atrophied, fibrotic pancreas. 
In another paper, ^ it wa,s demonstrated that following complete pancreatec- 
tomj’' in cats there was an initial decrease in both the serum amj’lasc and lipi- 
dase with a later iiTCgular, but definite, return to control levels. A comparison 
of these results with the blood enzjnnc values in an animal with an atrophic 
pancreas, obtained b.v the same methods of anal.vsis, was thought to be of 
interest. 

nXPKIUMKNTATi 

PolU' eats were anesthetized bv intraperitoneal injection of nembutal, 
30 mg. per kilogram of bodj" weight. Control blood samples were obtained by 
heart punctui'e. After performing an upper midlijie incision, the pancreas 
was exposed and freed from the duodenum b.v blunt dissection. Tlie area of 
the head of the pancreas containing the pancreatie ducts was donbh' ligated 
with nonabsorbable sutures close to the ampulla of Vater and then cut between 
the ligatures. All pancreatic tissue remaining attached to the duodenum was 
carefully x’emoved. The cut end of the pancreas was ligated again, and it was 
made certain that the pancreas was completcl.v free of the inte.stine. The 
abdomen was closed Avith sutures and .skin clnm])s. The animals Avere kept on 
a diet of deh}’’drated eat food, meat scraps from the hospital kitchen, and 
supplementary whole milk. 

The determinations of serum amj'lase Avore carried out by the method of 
Somogjd,' while serum lipidase A’alues Avere determined according to the method 
of Goldstein and Roe® (tributyrin substrate). 


RESULTS 

The results are expre.ssed graphicalh' in Table I. 

A description of the gross autopsj’- findings and the micnjseopic histologic 
features follows. All tissues Avere stained with Harris’ hematoxylin and eosin 
and Mallory’s triple connectrte tissue stains. 


Table I 


PERIOD 


UNITS PER 100 C.C. OF SERUSt 


ATTER 

ligation 

(MO-) 

Control 

1 

2 

3 

4 

5 
8 


cat 

1 

CAT 2 

CAT 

3 

CAT 

4 

amylase 

UPIPASE 

AMYIaASE 

LIPIDASE 

AJrVLASE 

LIPIDASE 

AMYLASE 

LIPIDASE 

1,767 

130 

590 

137 

910 

142 

92.1 

131 

701 

112 

.1.30 

59 

750 

100 

34 

144 

840 

12S 

157 

12S 

SIO 

109 

953 

117 

1,109 

104 

635 

78 

8S9 

S3 

90S 

90 

822 

110 

928 

119 

888 

109 

950 

144 

772 

82 

759 

135 

098 

92 

1,495 

92 

1,891 

148 

1,155 

17S 

1,153 

149 

907 

147 


Appearance of pancreas ^ 
Gross Cystic 

Microscopic Normal 

areas 


Cystic 

Incompletely 

atrophic 


Atropliic 

Incompletely 

atrophic 


Atropliic 

Completely 

atrophic 


STUDIES OF pancreatic FUNCTION 


1003 


duets, the serum amylase and lipidase concentrations returned to control levels 
in eight months postoperativelj’. 

4. These data appear to show that the amylase and lipidase concentrations 
of the blood serum are markedlj*’ influenced by extra pancreatic factors. 
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Microscopic Examination: The pancreas showed eoin])lcte atrophj' o£ the 
acinar tissue. Small nests of normal islet tissue were found in the markedly 
increased connective tissue septa. Some areas of lymphocj’tic infiltration were 
noted. A large dilated duct occupied a .sizalile portion of the atrophic gland. 
The liver was normal. 

DISOUSSIOX 

In a previous work'* we liave demonstrated an immediate rise in serum 
amjdase and lipidase following pancreatic duct ligation. It was the purpose of 
these expei’iments to show’ later efTects of ligation of the pancreatic ducts. At 
the one- and two-month intervals after ligation, all four animals showed amylase 
concentrations below the control values, and, in some instances, the values were 
remarkably subnormal. Following this, there was a gradual rise in amylase 
concentrations until the eighth month after ligation, when the am.vlase deter- 
minations had returned to the preoperalive levels. 

The lipidase determinations were less clear-cut, but in the first three mouths 
postoperativelj' there was a rceogniz.'ible decrease in the serum lipidase values. 
Following this period, there was a gradual rise in the lipidase concentrations 
until the eighth month after ligation, when the lipidase values were essentially 
the same as the conti’ol values. 

It is of considerable interest that in the microscopic e.xamination one pan- 
creas showed noi'inal areas of acinar tissue, two showed considerable necrosis 
mth little recognizable acinar tissue, and the fourth was completely atrophic. 
In spite of the variations in the microscopic picture, the serum amylase and 
lipidase of all foitr animals show the same postoperative trends. The obvious 
conclusion is that subsequent return to control levels was due to extra pan- 
creatic factors. 

If the conclusions from these labox-atory experiments can be translated 
to clinical laboratoi-y findings, it follows that the serum lipidase detei’mination 
is as nonspecific as the am 3 ’lase test in chronic pancreatic disease. 

These data suppoi’t the same conclusions arrived at bj’ total pancreateetom}’ 
experiments, namelj’, that there are other sources of am.vlase and lipidase in 
the animal bodj’ which may operate to produce as high a level of these enzj’ines 
in the blood as w’hen a normallj’ functioning pancreas is present. 

SUMMARY 

1. Studies of the amjdase and lipidase content of the blood serum of eats 
follow'ing ligation of tlie pancreatic ducts over a period of eight montlis have 
been made. 

2. Serum am 3 ’lase and lipidase concentrations, wdiieh previous w’ork has 
shown are at first rapidly increased by ligation of the pancreatic ducts, showed 
marked decreases in from one to three months after ligation. 

3. In one animal with a completely atrophic pancreas and in three others 
with varying degrees of pancreatic necrosis due to ligation of the pancreatic 
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rubber stopper having a cutout through which the animal s tail protmded. 
With the rat inside, this carton was placed on the beating coil of a 56° C. in- 
cubator and was heated for a minute or longer in order to induce dilatation of 
the tail veins. When the heating was adequate, the tail veins were distinctly 
visible. When slight pressure was applied with a finger over the base of the 
tail, the distal portion of the v^ein became distended with blood and could be 
easily tapped with a No. 26 hypodermic needle. One should be able to draw 
blood into the syringe both before and after the completion of the injection. 
Once the technique of inti-avenous injection is mastered, rats can be injected 
at the rate of thirty per hour. 

Alloxan monohydrate was prepared as a 2 to 5 per cent aqueous solution 
and was injected in various doses from 15 to 200 mg. per kilogram intravenously 
and from 50 to 200 mg. per kilogram intraneritoneallv . Serial blood sugars 
were determined by the Folin-Malm ros micr o met hod (1929)° at 0, 3, 8, 24, 48, 
and, at times, 72fiiours: — NoHpfofein nitr^en determinations were carried out 
on the tungstate filtrates obtained in the Folin-Malmros procedure. The 
filtrates were chan-ed and mierodistilled, and the nitrogen was determined 
by direct nesslerization, using Koch’s modification (1941)’’ of the Nessler- 
Polin reagent. One-tenth of a cubic centimeter of blood obtained by cutting 
the tip of the tail sufficed for both the blood sugar and the N.P.N. determinations. 
Following the last sugar determination the animals were killed by a blow on 
the head, perfused through the aorta with a small amormt of saline, followed 
by about 200 c.e. of formol-Zenker solution. Tissues were immersed from sis 
to ten hours in formol-Zenker solution; then they were washed, dehydrated, 
and embedded in paraffin according to the usual methods. Sections of the pan- 
creas, kidney, liver, and adrenal were stained with hematoxylin-eosin. The 
pancreas was also stained by a slight modification of Bensley’s neutral crystal 
violet method (Palay and Lazarow, 1946®). Selected sections of liver were 
stained by Wilder’s stain for reticulum.- 

RESTJL.TS 

Blood Sugar Response . — Following the injection of alloxan three phases in 
the blood sugar response were noted : an initial hyperglycemia, followed by a 
transient hypoglycemia, and finally, a late stage of permanent h 3 perglyeemia 
or diabetes. The durations of these phases were somewhat variable from an- 
imal to animal. The blood sugar values of normal rats allowed excess food 
and water practically always fell within the range of 90 to 160 mg. per 100 c.e. 

In Fig. 1 is shown the blood sugar response of thirty-six rats given alloxan 
intravenously in doses of 40 mg. per kilogram. The blood sugar value is desig- 
nated by the height of the rectangle. At three hours only hyperglycemic re- 
actions were noted. Hjpoglycemic reactions appeared at twenty-four hours 
and a few at forty-eiglit hours, llany hjpoglyeemic reactions were probably 
missed because of the limited number of blood sugar determinations. By fortv*- 
eight hours, however, most of the animals had reached their permanent hyper- 
glycemic phase or diabetes. 
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/TT was usually noted in preliminary studies on the rat that ■when alloxan 
1 alone was given in doses of 200 mg. jjcr kilogram more than 80 per cent of 
the animals developed diabetes (Lazarow, 1945’);y' OccasionaRy, howe%'cr, a 
group of animals failed to respond to tliis dose of alloimn. Because it is desirable 
to be able to iiroduce diabetes consistently in the rat, the present study was 
undertaken. 

Numerous investigatoi-s have studied alloxan diabetes in the rat. Although 
aU have used parenteral routes, there is disagreement as to the best method of 
producing diabetes. Dunn and JIcLetchie (1943)= used repeated subcutaneous 
injections. Gomori and Goldner (1943)= reported consistent results using one 
intraperitoneal injection of alloxan (200 mg. per kilogram) and stated that 
subcutaneous injections of 50 to 175 mg, per kilogram were not effective. Bailey, 
Baile}’’, and Leech (1944) howevox', rcpoided that intraperitoneal and intra- 
venous injections of alloxan in the rat were not satisfactory, whereas a sub- 
exxtaneous dose of 200 mg. per kilogram did produce diabetes regularly. 
Gomori and Goldner also reported that hooded rats were resistant to alloxan. 
But Duff and Star (1944)° stated that if hooded rats are injected with larger 
doses, (from 175 to 350 mg. per kilogram) of alloxan they, too, develop di- 
abetp. 

•J Since alloxan is rapidly destrojmd in body fluids (or in the blood), it seems 
that theoreticallj^, at least, the inti’avenous route of administration would be 
preferable. This is actually the case, for the intravenous method avoids the 
highly variable factor of destruction which occiu’s during alloxan absoi'ption, 
and hence, diabetes is produced more consistently. The amount of alloxan 
needed to produce a given level of diabetes is but a small fraction of that re- 
quired when the alloxan is administered by a nonintrm^ous route. This paper 
compares the diabetes produced in the rat bj’- alloxan administei’ed intravenously 
with that produced by intraperitoneal injection. 

METHODS 

Sprague-Dawley male and female albino rats were used in this study and 
were allowed excess food and water. For the intravenous injection rats were 
immobilized by placing them in a cylindi’ic mailing carton of appropi-iate size. 
This carton was provided with air holes at one end and at the other end 'with a 

~^roni the Department of Anatomy, School of Medicine, ■Western Reserve University. 

Received for publication, June 5, 1946. 



PRODUCTIOX AND COURSE OF ALLOXAX DIABETES IN RAT 


1007 


considered as showing no response to alloxan. As a general rule the level of 
the blood sugar at forty-eight hoin-s was a measure of the sei'eritj’ of the dia- 
betes. 

BeMion of Bose of Alloxan to Blood Sugar Response . — The incidence of 
blood sugar responses as well as the average forty-eight hour blood sugar in 
each group is given in Table I. The forty-eight hour average includes the blood 
sugars of those animals which did not show any response to alloxan. 

Tmle I. CoiiPARisox or Effects of Gp^ed Doses op Aleoxak Injected Intkavenouslt 

and INTPAPEP.ITONEALLT 



Intravenous 


100 

2 

150 

13 

100 

- 2 

'0 

0 

0 

508 

0 

0 

0 

2 

0 

0 

0 

2 

2 

0 

0 

0 

75 

2 

171 

15 

100 

933 2 

0 

0 

0 

223 

1 

0 

0 

1 

2 

0 

0 

0 

1 

1 

0 

0 

50 

8 

186 

10 

100 

509 8 

0 

0 

0 

182 

4 

2 

0 

2 

3 

4 

1 

0 

6 

0 

0 

2 

40 

IS 

204 

10 

94 

333 17 

1 

0 

0 

42 

17 

0 

1 

0 

16 

2 

0 

0 

6 

4 

3 

5 

30 

4 

192 

3 

75 

346 2 

2 

0 

0 

67 

3 

1 

0 

0 

3 

1 

0 

0 

2 

0 

0 

2 

25 

2 

230 

0 

50 

239 1 

1 

0 

0 

46 

2 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

<} 

20 

4 

146 

0 

25 

189 1 

1 

0 

2 

47 

4 

0 

0 

0 

3 

1 

0 

0 

2 

0 

1 

1 

15 

2 

220 

0 

0 

126 0 

1 

0 

1 

41 

2 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 


Jntraperitoneal 

^0 S 241 12 75 366 6 2 0 0 133 1 3 1 3 0 3 2 3 3 4 0 I 

150 3 307 6 66 396 2 0 0 1 66 1 2 0 0 1 2 0 0 0 2 1 0 

100 4 184 3 0 116 0 1 2 1 52 4 0 0 0 3 1 0 0 3 1 0 0 

50 4 1S9 0 0 109 0013 39 400040003100 


It is clear that when alloxan was administered intravenously in doses of 
50 mg. per kilogram or greater all of the rats responded. After a dose of 40 
nig. per kilogram intravenously seventeen of eighteen rats responded. In six- 
teen additional rats given 40 mg. per kilogram of alloxan intravenously and 
not included in Table I, all showed a blood sugar response. As the alloxan 
dose was reduced, the incidence of blood sugar response decreased, and at a 
dose of 15 mg. per kilogi-am intravenously none showed any blood sugar re- 
sponse. In contrast to these results follo^ving intravenous administration, when 
200 mg. per kilogram were given intraperitoneally, only six of eight animals 
showed a blood sugar response, and after a dose of 100 mg. per kilogram intra- 
peritoneally, none showed any blood sugar response. Thus 40 mg. per kilogram 
of alloxan administered intravenously produced a more consistent effect °than 
did 200 mg. per kilogram administered intraperitoneally. 
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Two of the tliirty-six animals receiving 40 mg. per kilogram of alloxan 
showed a hypoglycemic reaction at forty-eight hours. Two o(hci-s wliidi had 
normal sugars at forty-eight hours had apparently .I'ust passed Ihrougli the 
hypoglycemic phase and probahlj' would have developed hyperglycemia at 
seventy-two hours had they been permitted to .survive. Animals whose blood 
sugars at no time exceeded 160 mg. per cent or fell below 90 mg. per cent were 




ABCOEF 


I Blood sugar response of thirty-six rats given 40 mg. pei kilogram of alloxan 

Serial blood sugars u'ere determined at 0. 3, S, 24, 48, and. occasionally, 72 
houre The ^'lood sugar value is given by Uie height of the rectangle. 
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severe, all animals showed the ty])ical blood susar res])ousc and developed dia- 
betes. However, the .severity of the diabetes as judged by the forty-eight hour 
blood sugar could not be predicted by studying the extent of cytologic damage 
in the pancreas. Poglia (1944)’® ob.served that after remoA’al of 95 per cent 
of the pancreas rats developed manifest diabetes onh* after several months. 
The progression of the disease in such partially pancreateetomized animals may 
be attributed to degeneration of the remaining beta cells (Allen, 1913”; 
Homans. 1913, 1914”), Therefore, it is reasonable to .suppose that in order 
to produce immediate diabetes in the rat by alloxan, it is probably neccssa in- 
to destroy or inactivate more than 95 per cent of the beta cells. Probably one 
cannot expect to recognize bj- histologic examination slight increments iu the 
extent of beta cell damage beyond 95 per cent destruction. As the dose of 
alloxan was reduced, however, many of the animals which showed moderate 
changes in the pancreas (that is, degranulation or necrosis of only some of the 
beta cells) did not develop diabetes and showed only very slight, if any, fluctua- 
tions in their blood sugars. Thus, ej-tologic examination of the pancreas will 
detect moderate damage of the beta cells more accurately than wiU a study of 
the blood sugar response. 

Benal Dama{ie . — ^In addition to the pancreatic lesions, alloxan also pro- 
duces renal damage. The tubules are usually involved, and the severity of the 
injury varies from hydropic degeneration to necrosis (Bailey, Bailey, and 
Leech, 1944^ ; Dunn and ilcLetchie, 1943’’) . In our series necrosis of the 
tubules was commonly focal, but when extensive it involved all lobules of the 
kidney. The affected tubules usually were filled with necrotic cells and debris. 
Often all the epithelial cells had desquamated into the lumen. In some cases, 
however, there were many young epithelial cells containing basopMl cytoplasm 
and nuclei in mitosis, an indication that repair had begun. Infiltration of poly- 
morphonuclear leucocytes around the affected tubules occurred in only a few 
specimens. 

In Table I the extent of tubular necrosis is listed. A kidney showing only 
oceasional isolated small foci of tubular necrosis was considered to be slightlv 
damaged. A kidney udth many isolated necrotic areas was considered to be 
moderately damaged, and one in which the areas of necrosis were large and 
confluent was considered to be severely damaged. Hydropic degeneration and 
cloudy swelling are not listed in the accompanj-ing table, because the extent of 
this type of damage was more difficult to classify than was necrosis. 

Both the incidence and severity of the renal lesions were directly related 
to the dose of alloxan administered. At 40 mg. per kilogram intravenously 
si-xteen of eighteen rats showed no significant changes, whereas two showed only 
shght changes in the kidney tubules. In contrast, at 200 per kilogram intra- 
pentoncally, none of the rats were entirely normal, and more than half of 
the animals showed moderate to severe changes in the kidnej-. Thus, althou<Th 
tile intravenous administration of 40 mg. per kilogram of alloxan was L effective 
m producing diabetes as was the larger intraperitoneal dose of 200 mg. per 
kilogram, the incidence of lesions in the kidney was markedly reduced hv giv- 
ing the smaller dose inti-avenously. 
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The severity ol; the blood sugar response is direcll}' j’clated to the dosage of 
alloxan administered. Thus, after do.scs of 75 to 200 mg. per Irilograra intra- 
venously. mail}" of the forty-ciglit hour blood sugar values were in the neigh- 
borhood of 1,000 mg. per cent. As the alloxan dose ivas reduced, the blood 
sugar at forty-eight hours was also loss elevated. At 40 mg. per Icilogi’am intra- 
venously most of the fort}'-cight hour blood sugars fell bctiveen 200 and 500 mg. 
per cent, and in only one animal out of thirty-four was it over 600 mg. per cent. 
At still lower dosages those animals whicli reacted to alloxan usually showed 
a forty-eight hour blood sugar of 300 to 400 mg. per cent. The average forty- 
eight hour blood sugar value, however, given in Table I is weighted by tlic in- 
clusion of the animals that did not react, 

AVhen doses of 200 mg. per kilogram of alloxan were in,iected intraperito- 
neall}", the average fort}'-cight hour blood sugar was about the same as that ob- 
served following an intravenous do.se of 40 mg. ])cr Idlogram. Although the 
group of rats which received 200 mg. per kilogram intraperitoneally was smaller 
than the group which received 40 mg. per kilogram intravenously, the distribu- 
tion of the forty-eight hour blood sugars of the diabetic animals in the two gronp.s 
was the same. Thus, the scveril}- of the diabetes produced by alloxan in,iected in- 
travenously in doses of 40 mg. per Idlogram was of about the same degree as that 
produced by the intraperitoneal injection of alloxan in doses of 200 mg. per 
kilogram. 

Weight Loss . — Animals whicli showed a blood sugar response following 
the injection of alloxan also showed considerable weight loss in forty-eight 
hours, usually about 10 per cent of their body weight. 

Pancreatic Damage . — The morphologic changes produced by alloxan in the 
islets of Langerhans have recently been reviewed by Duff (1945).® These 
changes consist mainly of selective neci’osis and disappearance of the beta cells 
with consequent destruction of the architecture of the islets. The beta cells 
undergo degranulation, shrinkage, and nuclear pylcnosis and are finally re- 
moved from the islet. The completely affected islet typically is composed of a 
cluster of capillaries surrounded by a band of normal alpha cells. The ab- 
sence of inflammatory reaction is striking. 

In Table I the degree of damage to the islets has been classified into three 
main groups ; severe, moderate, and minimal. 

In islets which were included in the first group, the beta cells had either 
completely disappeared or were all shrunken and detached and contained 
pyknotic nuclei. Islets which contained necrotic beta cells and a moderate 
number of normal beta cells were considered as moderately damaged. Included 
in the same group were islets in which most of the beta cells were simply de- 
granulated but still contained nonnal nuclei. When the architecture of the 
islets was intact and most of the beta cells were normal (a few necrotic or de- 
oranulated), the islets were considered to show only minimal changes. 

In general, there was very good correlation between the histologic find- 
ings and the blood sugar response (Table I). When the pancreatic damage was 
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In Table I the necrosis of the liver following intravenous injection of 
alloxan has been classified according to the extent of involved tissue. AYhen only 
occasional foci of neci'osis appeared in the cross sections of the entire liver, 
the damage was considered slight. In moderately affected livers there was ap- 
proximately one focus of necrosis in the area of three or four lobules. Severely 
affected livers had at least one focus of necrosis in each lobule. 

When alloxan was given intraperitoneally, the necrosis, althotfgh focal, 
was not dispersed throughout the organ. The lesions were principally sub- 
capsular and limited to the free edge of the lobes, and the subdiaphragmatic 
portions of the liver suffered little or no damage. The necrosis often involved 
a band only two or three cells deep imder the peritoneum, but in a few specimens 
the necrosis extended deep into the liver substance. In only one rat was the 
damage sufficient to he called severe. 

The incidence and severity of the hepatic involvement cannot be ade- 
quately correlated with either the dosage of alloxan or the incidence of renal 
lesions. Some of the liigliest intravenous alloxan doses did not produce hepatic 
lesions, whereas some of the lowest were associated with severe damage. In 
some of the animals which showed extensive renal involvement, the livers ■were 
normal ; whereas in others severe hepatic necrosis was not associated -with renal 
change. Very occasionally after administration of a nondiabetogenic dose of 
alloxan, some hepatic involvement was noted in the absence of any pancreatic 
lesions. 

. Course of Diabetes Produced by Injection of 40 Mg. Per Kilogram of 
Alloxan Intravenously. — Sixteen rats were given alloxan in doses of 40 mg. per 
kilogram intravenously and were followed serially for several months (Table II). 
They were kept on a diet of Friskies dog food® and water. The blood sugars, 
weights, and water intakes were determined daily. All sixteen rats responded to 
alloxan. 

Table n. Alloxan Dlvbetes in the E.at (40 Mg. Per Kilograii Injected 

iNTPAXENorSLY) 


AVERAGE BLOOD SUGAR VALUE 


RAT 

INITIAL 

iTTEIGHT 

DATS 

SURVrVAL 

FIRST 

'SVEEK 

SECOND 

WEEK 

THIRD 

WEEK 

FOURTH 

FIFTH 

WEEK 

SIXTH - 

SEVENTH 

WEEK 

VN 

WEEK 

8 

278 

Alive 

291 

136 

123 

132 


132 

134 

6 

274 

Alive 

339 

191 

247 

286 

382 

369 

4091 

0 

2S7 

Alive 

353 

258 

322 

396 

378 

366 


3 

293 

Alive 

378 

409 

420 

438 

450 

430 

416 

13 

288 

Alive 

337 

332 

408 

404 

458 

450 

49g 

14 

317 

Alive 

3GS 

406 

429 

482 

486 

466 

491 

1 

25S 

Alive 

444 

417 

430 

599 




XI 

330 

.Alive 

.352 

403 

4.34 

506 

516 


540 

lo 

298 

29 

409 

436 

488 

542 





292 

23 

456 

451 

582 

70X 




7 

264 

4 

35.'5 

_ 

_ 




“ 

4 

22S 

4 

504 

_ 






1C 

290 

4 

360 

_ 

_ 





17 

284 

4 

578 

_ 






IS 

299 

5 

35S 

_ 

_ 



** 

“ 

12 

309 

6 

406 

- 

- 

- 

- 

- 

- 


'Albers Milling Co. 
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Blood Nonprotcin Nitrogen . — In Table T is listed the average forty-eight 
hour N.P.N. and also the degree of elevation in AlP.N. for the various animals 
within the group. Fluctuations with +50 per cent of the initial N.P.N. were 
considered within the normal range, for the animals were not fasted and control 
animals sometimes show'cd this much fluctuation. Again, when the effect of 10 
mg. per kilogram intravenouslj’' is compared wdth that i)roduced b}' 200 mg. 
per kilogram intraperitoneallj", it is noted that seventeen of eighteen animals 
given the lower close intravenously showed no significant elevation in the N.P.N. 
Onlj" one animal show'od an inei’case in its N.P.N. value of 200 per cent. In 
contrast, horvever, after the larger dose intraperitoncally, four of eight animals 
showed an increase of 300 per cent or gi’oater, aJid ihi’ce showed an increase in 
N.P.N. of 50 to 150 per cent. Onlj* one of the eight animals in this latter group 
.showed no significant change. 

In general, the elevation in the nonprotein nitrogen of the blood following 
alloxan injection paralleled the severit}' of the renal damage observed his- 
tologically. In a few instances there was evidence of slight kidney necrosis 
without any significant rise in the N.P.N. In three eases which had received 
40, 50, or 75 mg. per Idlogram of alloxan intravenously, the forty-eight hour 
N.P.N. was markedly increased, from 113 to 399 mg. pci’ cent, and yet the 
Iddney exhibited only slight evidence of necrosis. The tubules, however, did 
show considerable hydropic degeneration. Two of these animals were also un- 
usual in that they passed through a delaj-ed hj'poglycemic phase at forty-eight 
hours, and all showed a very intense hyperglycemia at some lime duruig the 
forty-eight hours, from 629 to 1244 mg. per cent. How much of the azotemia 
was due to renal and how much to extrarenal factors is difficult to determine. 
However, since ui’ic acid values up to 100 mg. per cent have been reported in 
the pigeon following alloxan administration (Goldner and Gomori, 1945’^), part 
of the elevation in N.P.N. might be due to this nitrogenous substance. 

Liver Damage . — The typical lesion produced in the liver by intravenous 
injection of alloxan was a small circular focus of necrosis usually located in the 
midzonal or peripheral region of the lobule. The lesions, w'hich varied in di- 
ameter from 45 to 200 micra, w'ere usually smaller than 100 micra and were 
distributed uniformly throughout all lobes of the liver. Intact liver cells were 
usually completely absent from the focus, and tlie sinusoids "wci’e collapsed or 
distorted. The nomal reticular framework wms fragmented or absent. The 
center of the lesion wms occupied by large mononuclear cells wdiich appear 
similar to the Kupffer cells in the surrounding intact parencliyma. These cells 
frequently contained fragments of pyloiotie nuclei or hyalin acidophil masses. 
Inflammatory reaction wms usually slight or absent. Shrunken acidophil rem- 
nants of liver cells wmre scattered throughout the lesion and at the margins. 
The liver cells in the surrounding cords were either entirely nomal or contained 
large cytoplasmic vacuoles and hyperchromatic nuclei. When the liver showed 
extensive necrosis, the remaining parenchyma usually showed fatty meta- 
morphosis; however, in livers vdth only occasional foci of necrosis, the rest of 
the organ was usually normal. 
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Five animals died belwecn the fonrih and sixili days with terminal blood 
sugars ranging from 360 to 560 mg. pei* cent. One of llie animals showed a 
significant inci’ease in the blood N.P.N. at forty-ciglit to scvent 3 ’-two hours; the 
others wore normal at this time. A sixth animal (Rat 16), although it had a 
blood sugar of 475 mg. per cent at fort 3 ’--eig]it hours, died on the fourth day ndtli 
a blood sugar of onbt’- 190 mg. per cent .iust prior to death. All of the remaining 
ten rats Sumdved many weeks. Of the surviving animals one (Rat S) showed 
transitory diabetes lasting for five or six da 3 -s (Fig. 2). After this period the 
blood sugar returned to normal, the weight .started to increase, and the water, 
intake fell off to normal. A second animal (Rat 6), whose blood sugar at forty- 
eight hours was 530 mg. per cent, showed wide fluctuations in the daily blood 
sugar which frequently fell below 200 mg. per cent. However, as time pro- 
gressed the average blood sugar tended to rise, fluctuations below 200 mg. per 
cent occurred less frequentl 3 -, and finally, after thirt 3 '-six da 3 's the blood sugar 
tended to stabilize at about 370 to 400 mg. jjer cent. During the period of 
progressive rise in blood sugar the %vator intake increased, and the weight gain 
was less rapid than that occurring in the early stages of the diabetes. 

During the first several w'ceks following the onset of the diabetes most of 
the eight remaining rats showed a slight but progressive increase in their aver- 
age blood sugars (Table II). For e.xample, the average blood sugar of Rat 15 
increased from 409 mg. per cent during the first week to 436 the second, 488 
the third, and 542 the fourth. Rat 2 which had an average sugar of 456 
during the first week died on the twent 3 ^-third day with a terminal sugar of 824 
mg. per cent. 

In Fig. 2 is shown the course of the diabetes for selected animals from this 
group. The weight curves of these animals depended upon the severity of the 
diabetes. When the blood sugar value was moderately elevated, the weight 
tended to be maintained (Rat 6). With higher blood sugar values the rats 
tended to lose weight progi-essively (Rats 2 and 3). Some of these diabetic 
rats drank more than their omi weight of water within twentv-four hours. 

DISCUSSION 

It is clear from these studies tliat the intravenous administration of alloxan 
in doses of 40 mg. per Idlogram is a satisfactory method for the production of 
diabetes in the rat. Alloxan is an unstable compound which is destroyed rap- 
idly at pH 7.4. It has been reported that it disappears from the blood within 
two minutes after its injection (Leech and Baile 3 ’^, 1945^^). Consequently it is 
not surprising that the dose of alloxan required to produce diabetes b 3 ^ the intra- 
peritoneal route is much larger than that required b 3 ’- the intravenous route. 
Variations of the absorption rates of alloxan coupled with its rapid destruction 
during absorption could account for the inconsistencies reported in the literature. 
The intravenous method, howevei’, eliminates these variable factors. It should 
be emphasized that the alloxan must be injected as rapidly as possible because 
during slow injection there may be increased destruction. Lower doses for 
intravenous injections have been used in the dog (Goldner and Gomori, 1943^=). 
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It is interesting that some animals given 40 mg. per Irilogram of allo.xan 
intravenously showed a progressive increase in the severity of their diabetes as 
judged by the average blood .sugar. After partial pancreatectomy rats may 
show a period of obesity without diabete.s, followed by a period of latent diabetes, 
and finally, a period of manifest diabetes (Foglia, 1944^'’) . Tlius the beta cells 
remaining, although adequate to meet the body’s needs for a time, later are un- 
able to secrete sufficient amounts of insulin, and hence, the animal develops 
diabetes. Overwork and exhaustion of the beta cells have been gii’cn as ex- 
planations for this progression (Allen, 1913”; ITomans, 1913, 1914”). Follow- 
ing a dose of alloxan of 40 mg. per kilogram most of the beta cells are destroyed. 
But it is likely that a few functional beta cells still remain, for when larger 
doses of alloxan are given intravenously (that is, from 75 to 100 mg. per kilo- 
gram), the diabetes which develops within forty-eight hours is more severe. 
Therefore, the progressive rise in the blood sugar observed over a period of 
weeks in rats given only 40 mg. per kilogram of alloxan may result from the 
exhaustion of the few remaining beta cells. 


StrMM.<VRY 

1. The rapid intravenous injection of alloxan is more satisfactory for 
producing diabetes in the rat than is intraperitoneal injection. 

(a) When alloxan is injected intravenously only a small dose is required, 
and the incidence and severity of the resulting diabetes are more unifoim than 
when five times that dose is given inti'aperitoneally. 

(b) By the intravenous injection of 40 mg. per kilogram of alloxan it is 
possible to produce diabetes in most rats without significant renal damage. 

2. Sixteen rats wore given 40 mg. per kilogram of alloxan intravenously, 
and their blood sugare, weights, and water intakes were followed for many weeks. 

(a) Of these sixteen rats five died wdthin the first four to six days with 
terminal blood sugar’s ranging from 360 to 560 mg. per cent. 

(b) Ten of the sixteen fats survived many weeks. 

(c) One which developed transitory diabetes during the first week recov- 
ered and remained normal for the following sLx weeks. 

(d) During the first few weeks following the onset of diabetes, the average 
blood sugar levels of most of the suiwiving rats showed a slight but progressive 
rise and usually attained values of 400 to 600 mg. per cent. 

(e) Depending on the severity of the diabetes the animals gained weight 
very slowly or progressively lost weight. 
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ilore simply, the proportion of foreign blood ( tpr) is 1 - e-‘ if f is expressed 

in nnits of T. In Fig. 1 this is sho-mi in graphic form. 

By substituting nunieric values for i, the data in Table I are obtained. 

For practical purposes the blood volume of a newborn in f a n t can be con- 
sidered to be about 250 c.e., so little is gained by the transfusion of more than 
500 C.C. of blood. As '\Yallerstein® has pointed out, it is advantageous to inject 
from 50 to 100 c.e. more blood than has been withdrawn, which serves further 
to mcrease the proportion of donor’s blood. 



BL'doO VoluHES 

Pig. I. — Percentage of donor’s blood in patient’s circulaUon after infusion and ■with- 
dran-al of varying volumes of blood. In this figure. V represents an amount of blood equal to 
the patient’s blood volume. 


TECHNIQUE 

The main obstacle to the successful performance of an exchange transfusion 
111 infants is not the injection but the process of withdrawal, which is hampered 
by the coagulation of the infant’s blood. This is circumvented by the use of 
heparin. 

To test the efficacy of the procedure, a Mongolian idiot, 28 days old, weigh- 
ing 7 pounds, was used. The infant belonged to group AjMNBhjBh;. A sample 
of bank blood drawn into sodium-citrate-citric-acid-dextrose mixture four days 
preiiously. belonging to group AAIBhiKh: and compatible on cross-match, was 
selected for the transfusion. The cells had sedimented, and we removed about 
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A t LEAST three distinct clinical entities are groui)ed under the term erytliro- 
blastosis fetalis.’'" Tlic imjiortancc of recognizing tlio differences bctwcoii 
these entities is tliat tlie treatment and prognosis vary -vvilli the manifestation. 
Those cases that are characterized by anemia witli slight jaundice (congenital 
hemolytic disease) respond readily to ])roper transfusion tlierai)y. wiiilc infants 
who show severe jaundice with little or no anemia (ieterus gravis) freriucntly 
die Avithin a short time after tlie onset of tlic disease, usually with the po.st- 
moi-tem finding of kcrnictcnis.'* Of this latter group some survive but may later 
develop sequelae of severe cerebral damage or hepatic cirrhosis.’' 

The fact that the disease usually has its onset at birth or very shortly there- 
after offers the hope that if a reasonably accurate ]>rcdiction can be made dur- 
ing pregnancy conceiming the likelihood of the disease occurring, as well as the 
type of manifestation, the lives of fhe.se l)abies can be .saved and the .sequelae 
prevented. The newer tests for the Rh-Ilr types, as well as the devcloi)mcnt of 
methods of detecting the presence or absence of sensitization, now offer the 
prospect of more accurate forecasting.®' ’ If, as lias been proposed by one of us, 
the sjTidrome of icterus gravis is initiated by intravascular agglutination or 
conglutination,’'® then exchange transfusion with blood completely compatible 
with the maternal scrum should effectively prevent the onset of the disease 
process or ari'est it after it has begun. 

The purpose of this paper is to describe a technique of performing exchange 
transfusions in newborn infants, which has been successful in our hands. 

THEORETIC COXSIDERATIOXS 

If the infant is to survive the, procedure, blood must be injected and with- 
drawn simultaneously and at approximately equal rates. 

Let us assume that in an infant Avith the blood volume V the speeds of 
withdrawal and injection of blood are uniform and equal. Let 2’ represent the 
time required to AvithdraAv and inject a quantity of blood equal to V and t the 
time to inject and AvithdraAv any given volume of blood, Avhile v represents the 
volume of donor’s blood in the patient’s circulation at time t. Then ; 


When t = 0, V — 0 and 
When t = CO V — V and 


dv 

dt 

dv 

dt 


Therefore, 


dv 

dt 


V -V 


Hence, n = F (1 - e t ) 


T' 

0 
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when kept overniglit. The occiiiTcnee of clotting in the last tube “was probably 
due to the washing out of the heparin from the circulation by the infused blood. 
It appears that the amount of heparin used is innocuous, because in a previous 
test designed to determine a safe heparin dosage for the procedure, quantities 
as high as 5 c.c., or five times the amount used in the transfusion, were given 
intraveuousl}' without hannful effects, even though the infant’s blood remained 
incoagulable for thirty-six hours. 

The entire procedure took only ninety minutes and was carried out with 
facility. This conti'asts shaiply with our previous experience^® without the aid 
of heparin, when onlj' with considerable difficulty, and by tapping numerous 
vessels including the radial arteiy, did we succeed in withdrawing the required 
amount of blood after three hours. 


SUMMART 

A simple technique, involving the use of hepaiin, is described for perform- 
ing complete exchange transfusions in newborn infants, a procedure which may 
he indicated in severe cases of icterus gravis. 
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WIICNER AND WKXDEIt 


Table I. / 


AjfouxT or BLOOP isjr.cTEn 

vr.ncr.STAGE or wson bi.oop ix uopy 

1 Blood voliinio 

.39.4 

1 Blood volume 

G3.2 

li Blood volumo.s 

77.7 

2 Blood volumc.s 

S0..3 

21 Blood volumes 

91.S 

3 Blood volume-! 

9.3.0 


three foui’ths of tlie plasma and made the total volume up to 500 c.c. again with 
sterile saline solution. The intemal saphenous vein was exposed at the left 
anlde, and a blunt 20 gauge cannula was tied in place with catgut. One-half 
cubic centimeter of Upjohn ’s heparin, equivalent to 500 units, was injected 
through the needle, and the gravity apparatus containing the blood was con- 
nected. There was considerable oozing at the site of the incision, hut this was 
readilj’" controlled by pressure. An incision \vas then made at the right wrist 
and a short bevel 20 gauge needle inserted into the radial ailery. By this time 
the infant had received about 50 c.c. of blood through the drip infusion. The 
infant’s blood flowed freely from the radial puncture and was collected frac- 
tionally for differential agglutination studies. The speed of the infusion was 
regulated constantly to keep pace with the radial flow and to maintain the 
original 50 c.c. advantage. 

When 150 c.c. of blood had been withdrawn, some clotting occurred in the 
radial cannula; therefore, another 0.5 c.c. of heparin was administered, this 
time into the radial artery. Except for one short period when tlie infant be- 
came pale and showed evidence of air hunger, the procedure went quite smoothly. 
The infant’s color and normal respirations were re-established by increasing 
the rate of flow of the infusion. After 400 c.c. of blood had been withdrawn, 
the radial artery was ligated and the skin sutured. The infusion W'as permitted 
to continue until the entire 500 c.c. of blood were administered. The saphenous 
vein was then ligated and the skin sutur-ed. Only slight oozing occurred, and 
this was readily controlled by pressure bandages. Tlie infant’s condition at 
the end of the procedure was excellent. A blood count done on the following 
day show'ed a hemoglobin concentration of SS per cent® and red cell count of 
4.2 million per cubic millimeter. A blood count taken two weeks prior to the 
procedure showed a hemoglobin concentration of 120 per cent and red cell 
count of 4.7 million. The larger drop in hemoglobin concentration in compari- 
son %vith the drop in the red cell coiuit is due to the substitution of normocriic 
cells for the macrocytic cells which characterize the neonatal period. 

The efficaej^ of the procedure was demonstrated by the differential ag- 
glutination test® done on the samples of blood withdrawn from the infant at 
various stages of the procedures. The increase in the proportion of donor’s 
cells roughly foUow^ed the pattern showm in Pig. 1, and the last sample of blood 
showed that even before the final 50 c.c. had been injected approximately 90 
per cent of the red cells in the infant’s circulation w'ere the donor’s. Inci- 
dentally, the blood samples in all the tubes except the last failed to clot even 

” ^no hunared per cent equivalent to 15 Gni. per 100 c.c. 
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only agglutinins (bivalent antibodies), not glutinins (univalent antibodies), 
because tlie latter occur only in immune sera. IMaterial suitable for testing the 
hypothesis could only be obtained from cases of erythroblastosis fetalis caused 
by A-B sensitization.^" The purpose of this report is to present the results of 
alpha and beta antibody studies on the mothers and infants of two such cases. 

CASE BEPORTS 

Case 1.— The cUnical details of this case have been described ia full in another paper.i® 
The infant, a first-born male infant, developed deep jaundice and mild anemia immediately 
after birth. The jaundice disappeared vrithin ten days, and the infant recovered sponta- 
neously and completely. This is the typical story ofi mild erythroblastosis due to A-B sen- 
sitization (icterus precox).m, n The father of the patient belonged to group AiATthirh, the 
mother to group OMhrEh,Eh„ and the patient to group AjMhTRhjRh,. 

Case 2. — ^The patient, a male infant, was the third child. The first child, bom seven 
years previously, developed severe erythroblastosis within twenty-fonr hours after birth. 
It was treated first by intramuscular injections of maternal serum (the worst possible 
treatment according to present knowledge bnt a treatment which had been recommended 
for this condition in 1939). Thereafter the infant was given repeated transfusions of 75 
to 100 c.c. of whole citrated blood (fourteen transfusions in all) bnt finally died at the 
age of four months, still deeply jaundiced. The second infant, bom in 1941, was appar- 
ently normal at birth and was given 50 c.c. of maternal serum intramuscularly, presumably 
for purposes of prophylaxis. Shortly after this the infant developed jaundice and anemia. 
At this time the role of the Eh factor in erythroblastosis had just been discovered, and the 
child was transfused empirically with Group O, Eh-negative blood. Complete recovery 
followed three such traniusions of a total 200 c.c. of blood. The grouping tests on the 
parents and the Eving child were as foUows: father, AjADTEhiEb, ; mother, OMKEhjEh,; 
chEd, AiMEhiEh,. These findings and titrations of the alpha and beta antibodies in the 
maternal serum indicated that sensitization of the mother to the A factor, and not to the 
Eh factor, was responsible for the occurrence of erythroblastosis in the first two children 
of this family. The second infant recovered not because the blood donor used was Eh 
negative but because he belonged to Group O. On the other hand, the first infant died 
probably because of the persistent use of homologous Group A blood. It was anticipated 
before the birth of the third child, our patient, that this infant also would be erythro- 
blastotic. Therefore, immediately after delivery, the cord was clamped and 10 c.c. of 
IVitebsky’s solution of A and B group substances were injected into the infant through 
the vessels of the umbilical cord. As expected, the infant proved to be jaundiced, and the 
blood smear showed as many as ten normoblasts and erythroblasts per oil immersion field. 
-A mild anemia developed on the second day, and the infant, who weighed only 5 pounds, 
was given a transfusion of the washed red cells from 50 c.c. of the mother's blood together 
with 10 c.c. of the A and B group substances. The infant recovered without further treat- 
ment and is now 3 months old and thriving. 

Comparative titrations of the alpha and beta antibodies in the sera from 
Cases 1 and 2 were carried out by the agglutination and conglutination tech- 
niques,’" and the results are shown in Table I. 

In the titrations carried out by the agglutination technique, it was found 
that^ the ratio of the antibody titers of the maternal and infants’ sera was 
8:1 in Case 1 and 64:1 in Case 2. These ratios compare favorably with those 
previously reported by Wiener and Silverman’" for alpha and beta agglutinins 
m normal prepancy. On the other hand, in tests carried out by the conglu- 
tination technique, the ratios of the titers approximated unity. The reason 



PERMEABILITY OP THE HTOIAN PLACENTA TO ISOANTIBODIES 


Alexander S. Wiener, M.D., Brookia'N, N. Y., and 
E\-e B. Sonn, New York, N. Y. 


I T HAS been sliown that Rli-negativc iiulivicluals sensitized to the Rh factoi- 
may produce cither or both of two sorts of antibodies, namely, Rh agglu- 
tinins or Rh-blocking antibodies^- =“ The Rh agglutinins can be demonstrated 
by direct tests in saline media, while the Rh-blocking antibodies can be demon- 
strated bj-- either the so-called blocking test performed in a saline media or 
directly by the conglutination reaction.-''- ■* The Rh agglutinins behave as if 
they are bivalent (or multivalent) in the chemical sense, and in tests per- 
formed in saline media agglutination occurs directlj', presumably because the 
antibody molecules link the red cells together. " On the other hand, the 
blocking antibodies behave as if they are univalent (therefore the alternative 
name glutinins for these antibodies) and coat the red cells, preventing the 
action of the Rh agglutinins in the so-called blocking test.^ The Rh-blocking 
antibodies or glutinins can be demonstrated directly in tests performed in the 
presence of concentrated plasma or serum, because these media seem to con- 
tain a third component, conglutinin, probably a colloidal aggregate of plasma 
proteins analogous to the third component in hemolytic .systems.® 

This hypothesis leads to the concept that Rh agglutinins are larger mole- 
cules than Rh glutinins (blockers), which, if true, has important implications 
in the pathogenesis of erythroblastosis fetalis.' One would expect that the 
univalent Rh antibodies (blockers) should be capable of traversing the pla- 
centa more readily than bivalent Rh antibodies (agglutinins). This hypothesis 
is difficult to test in cases of erythroblastosis due to Rh sensitization, because 
any Rh antibody passing into the fetal circulation would be immediately ad- 
sorbed by the infant’s Rh-positive cells and, therefore, would not be demon- 
strable in the infant’s serum except where excessive amounts (more than 
enough to coat all the erjdhroeytes) have been acquired from the mother. 
Nevertheless, we have succeeded®- ® in demonstrating the presence of univalent 
Rh-antibody blockers (or glutinin) coating fetal and infant’s red eells and 
also present in excess in infant’s serum for periods up to a month after birth,® 
indicating that these antibodies do gain access to the fetal circulation more 
readily than Rh agglutinins. 

The idea suggested itself to test the hypothesis by comparing the alpha 
and beta antibody titers in maternal and newborn infant’s sera. For this pur- 
pose, normal women with normal infants were not suitable, because the ma- 
ternal serum in such instances would be expected to contain only natural alpha 
and/or beta antibodies.® These sera would therefore be expected to contain 
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I.V Materkal Sercji and K’ei^tjorn Infant's SECust 
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pepsin, so that injections of therapeutic horse serum or diphtheria toxin- 
antitoxin could bring about A-B sensitization. IMoreover. such antigens are 
present in many bacteria and animal parasites,’" so that certain infections 
could cause A-B sensitization. The second patient did give a history of a 
severe attack of pneumonia several years before her first pregnancy, and pos- 
sibly this ivas the source of her sensitization. 

It may seem someu-hat puzzling that in both eases the univalent beta anti- 
bodies M-ere more readily demonstrable in the matenial serum by the congluti- 
nation method than ivere the univalent alpha antibodies. The folloiving pfausi- 
hle explanation for this apparent paradox suggests itself. It mould be ex- 
pected that univalent antibodies in general mould continue to pass through 
the placenta from mother to fetus until their concentration in the fetal circu- 
lation became equal to that in the maternal circulation, thus setting up an 
equilibrium. In the case of the beta antibodies, such an equilibrium could be 
reached quickly ; but in the case of the alpha antibodies, the antibodies mould 
he neutralized or absorbed by group substances in the Group A fetus’ body, 
delaying the attainment of equilibrium and at the same time graduallv de- 
pleting the mother’s body of the alpha antibodies. 


SUMMARY 


Two eases of erythroblastosis due to A and B sensitization are described 
bomparatu-e titrations by the agglutination and conglutination techniques of 

-lutinfn’%‘'" maternal and infants’ sera indicate that 

,lutmms (univalent antibodies) traverse the placenta more readilv than a-cd„. 
nins (bivalent antibodies). This supports the hypothesis that glutinins '(or 
oloclvcrs) are comprised of smaller molecules than asclutinins. 


reference.? 


’■ Sen.iti.ation. Pro.. So.. Ex,,,... 

'■ ''’‘'"l"; mo "mm." Tl.oir .\ppli..nmns A,n. .T. flin. P.-n,,. 
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Hem., Complete or almost complete hemolysis. Plus slpn.s Indicate dcKTce of climipinp (agglutinatim 
or cong-Iutlnatlon). The tests were set up In sm.all tubes In the usual manner; readings were men an r 
one hour’s Incubation in the water b.ath at body temperature. 

•Alother, Group O: child. Group A. The maternal and the Infant’s bIoo<l .»amples In this cass I'f'* 
both collected forty-eight hours after dcUvcr^•. 

fHIother, Group O: child, Group A. The maternal blood sample in this cafc a\ns collected ilnno-' 
labor; the Infant's blood sample from the umbilical cord Immediately after dellvcrj’. 

for the fliscl’cpanty is that tlie two tests mciisnve two tliiTerent sorts of anti- 
bodies. The former lest detects bivalent antibodies (agglutinins), while the 
latter test also detects univalent antibodies {ghitiiiiiis). These results demon- 
strate, therefore, that glutiiiiiis traverse the ])Iaceiila far more readily than 
agglutinins, in accordance with the expeelatioiis under the hypothesis that the 
former are comprised of smaller molecules. 

It is of interest to point out that the serum of the infant of Ca.so 2 caused 
hemolysis in the agglutination test despite its low titer in saline media. This 
may serve to explain the observation that the isohemolysiii titer is not per- 
fectly correlated with the isoagglutinin titer, because tbese two reactions are 
apparently due to two different sorts of antibodies. The tendency of iso- 
liemolysis to occur in high-titered agglutinating serum may be explained by 
the fact that such sera would be more likely to contain immune antibodies. 

The fact that in both cases described in this ])apei’ first-born infants were 
erythroblastotic calls for some comment. As has been pointed out elsewhere,' 
fetal red cells and fetal products probably gain access to the maternal circu- 
lation principally during labor and only rarely during pregnancy. Thus, ma- 
ternal sensitization by pregnancy would ordinarily occur only at parturition 
and too late to affect the first infant. Therefore, for the first-born to be 
affected, some mechanism of isosensilization other than by the pregnancy 
itself would have to be postulated. In the first case, the patient stated that 
two years previously she had had an ovarian tumor removed and was given 
several post-operative transfusions of commercial, pooled human jjlasma. Since 
it has been found that such transfusions stimulate a rise in the alpha and beta 
isoagglutinin titers, this is a satisfactory explanation for the existence of sen- 
sitization in the first case. With regard to the second ease, the, source of the 
sensitization could not be traced as definitely. However, it should be pointed 
out that A-like and B-like antigens are ubiquitous in nature, so that there 
would be many opportunities for A-B sensitization to occur in the course of 
a lifetime.” For example, such antigens are present in horse serum and pig 

















THE QUA^'TITAT1Y]‘: DETERMINATION; OF A PEPSIN-LIKE 
SUBSTANCE IN THE URINE OF NORMAL INDIVIDUALS 
AND OF PATIENTS AVITII PERNICIOUS ANEIflA 

Editfi B. Farksworth. NLD., Ev\X:' Sprer, 3I.D., axd 1Io\v\rd L. Alt. NI.D. 

Chicvgo. III. 


T he fii-st report of a proteolytic substance in urine was made in 1861 by 
Bi-iieke,' who noted that fibrin ^\as digested %s]icii incubated v.'iih urine. 
Similar espeiiments A\ere performed l)y Oriitzer' in 1887. Oelirig''’ in 1SS6, and 
Hoffmann" in 1SS7. The character and origin of this ferment weie .studied 
fiiither by Leo’’ in 188-5, Sebnapauf in ISSS.*”’ and Loeper and Esmonet’ in 1908, 
On the basis of this work, there developed two theories: first, that the eim-me 
\\as pepsin and was derived from the intestine: second, that the active principle 
was a proferment probably sccieted directly into tiie blood stream by the 
gastric mucosa. Frouin," in 1904. working with a gastrcctomized dos and an- 
other in which the stomach had been isolated with the blood supply intact, con- 
cluded that urinary pepsin is of nastric origin, that it enters the blood stream 
at the level of the stomach, and that no ic.sorption oecuts in the intestine. After 
this simple and critical expeiiment. the pronress and validity of inve.stigation 
in this field were hampeied by analytic methods not sufficiently accurate to in- 
sure other than qualitative results, and attempts to relate the urinary ferment 
quantitath ely nith sastiie secretion of pepsin, either in health or in disease, 
proved confusing. 

It was not until 1924 that GottlielP demsed an accurate method for the 
simultaneous study of pep.sin in the stomach, in the blood, and in the uruie. 
Ilis method is not fully described, but it consisted essentially of diuestion of 
edc.stin uith eompaiison to the activity of a knomi solution of Amour’s pepsin. 
Applying this method to a small sroup. Gottlieb lepoifcd tiiat hiuh nastrir- 
acidity was associated uith a significantly higher ininaiy pepsin than was low 
gastric acidity. He also noted a correlation between uastric and urinary pepsin, 
Gottlieb further reported that alkalinization of tlie urine to a pH of 8’ or .9 did 
not inaeti\ate the enzyme and concluded that the substance was pepsinouen. 
Three yearn later Teschendorf'" studied the pepsin content of the gastrfe juice 
and urine in patients uith achylia Heie auain. the numbei- of cases was small 
and the icsulls conflietimr 

Tlie purpose of the i)icsent paper was to stud\ fiuther tiie cxcietion of 
miliary pepsin in normal individuals and in patients with achylia (jiciiiicious 
anemia) with the use of iinpioved methods. lYe iotiiid that the modification ot 
the Anson and Miisk\ method (Beazell and asv>ciafe>’') could he satisiaclorili 
adapteil for the detei niiiiation ol iniiiaiy pepsin. This method was employ ed In 
Huchor'= in a picliminaiw iipoit ot a study on young women Our icsiilts show 
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QUAXTITATIMJ DETERJillKATION OF PEPSEs-IjIICE SUBSTAXCE IN UKIXE 102 ( 

Zerfas^^ in studies of gastric enzymes. A larger series must be studied before 
such a relationship can be excluded. 

The effect of specific gravity on the urinary peptic activity vas negligible. 
Twelve normal urine specimens with the highest tyrosine values had an average 
specific gravity of 1.019 as compared to 1.016 in the twelve normal mines witli 
the lowest tyrosine values. The acidity of the urine was likewise unrelated to 
the peptic activity, llany specimens with a pH of < .0 or over had normal 
tyrosine values. This is in agreement with the idea that the enzyme in unne 
is a proferment or pepsinogen. 
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Fig:. 1. — ^Relation of t^Tosine value to age. Dots indicate normal individuals; open circles, pa- 
tients vrith pernicious anemia. 

com:uext 

The term pepsin-like substance has been used in the title because of the 
possibility that the enzymatic action of the urine was not due to pepsin. How- 
ever, the facts that (1) the digestion of hemoglobin solution occurs at a low pH, 
(2) the enzjTiie concentration of urine of patients with achylia gastriea is low 
as compared to nonnal indimduals, and (3) the stihstance is not irreversibly 
inactivated in a neutral solution strongly suggest that the enzyme is related to 
pepsin and occurs normally as pepsinogen. Further emdence for tliis concep- 
tion is presented in the older literature.'’ ® 

Altliough determinations of the gastric pepsin were not made in our sub- 
.iects, it miglit be inferred that the quantitative urinary pepsinogen rouehly 
parallels the peptic activity of the gastric juice. Patients with pernicious 
anemia, who are laiomi to have a marked diminution of ga.strie pepsin, ’= had a 
correspondingly low urinary pepsin. Patients with achlorhydria foilowinir 
lustaminc stimulation but not haring pernicious anemia are kno\Vn to have .some 
decrease in the gastric pepsin but not to the extent observed in pernicious 
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a striking decrease in llie pepsin or po 2 )sm-]ike substance in tlie urine of patients 
with pernicious anemia as compared to normal individuals. 

JIKTIIOD-S AND JIATL'RIAL 

All determinations were made on fasting morning urine specimens. The 
metliod of determining pepsin activitj* involves the incubation at 37° C. of 5 
c.c. of a known reproducible hemoglobin substrate, buffered at a pH of 1.7, 
with 1 c.c. of urine for sixteen liours. To prevent l)aeterial growth, the mixture 
is overlaycred with toluene. After incubation tlic solution is treated with 10 
per cent trichloracetic acid to precipitate the undigested hemoglobin. The 
phenolic digestion products in the filtrate, presumably cliiefly tyrosine, are than 
quantitatively determined by tlie pliotoelectric colorimeter and compared with a 
Imowu solution of tyrosine. Because plicnolic compounds are normally found 
in the uidne, a blank consisting of 1 c.c. of urine, similarh' treated but previously 
inactivated. by heating for five minutes in a boiling Avater bath, is concomitantly 
assayed, and the results are subtracted from the reading of the active sample. 
The peptic activity^ is expressed as milligrams of tyrosine produced by 1 c.c. of 
urine. The tyrosine equivalent has been carefully investigated throughout the 
range of concentrations with AA'hieh we arc dealing and lias been found to bear 
neai’ly a straight line relationship. 

The normal scries consisted of cighty-two individuals comprising both sexes 
and all age groups from the second to the eighth decades. The younger subjects 
were for the most part medical students and clinic personnel, AA’hile the older 
group were ambulatoiy and hospital patients Avho Averc in comparatiA’cly good 
liealtli and had no synnptoms referable to the gastrointestinal tract. Gastric 
anatyses A\’ere not pcrfoi-med in these persons. 

The pernicious anemia series consisted of forty-one patients of both sexes 
from the hematology clinic. All of these patients Averc receiAung parenteral liver 
therapy and AA'ere in complete remission. Originally they had had the tjT)ical 
blood picture of peniicious anemia, had shoAvn complete achlorhydria following 
histamine stimulation, and had responded speeifically to liver therapy. 

RESULTS 

Individual values for the peptic actiA'ity of urine are plotted against the 
age of the subjects in the spot cui-Am (Fig. 1) . The normal series hav^e a Avidc 
range of values AAdiich is compatible AA'itli tlie expected variation in gastric func- 
tion seen in an unselected group. The values ranged from 0.7 to 4.4 mg. Avith 
an average of 2.4 mg. tyrosine per 1 c.c. urine for sixteen liours. Among the 
patients AAdtli pernicious anemia, the valties ranged from 0 to 1.0 mg. AAutli an 
average of 0.5 mg. Taking 1.0 mg. as the maximum value in pernicious anemia, 
only five of the eighty-tA\m normal subjects had a peptic activity at or beloAv this 
level. Gastric analysis might possibly liaAm shoAvn diminished gastric function in 
these five patients. 

A decrease in urinary pepsin might have been anticipated in the adAmnced 
age group; a clear-cut correlation, howcAmr, could not be made (Fig. 1), and 
pbtting by decades gav^e results .similar to those obtained by Hclmer, Fonts, and 
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Ri:vik\v of TjIteraturc and rRf-i5i:NTATi0N or A Case 
Without Pigjientation or Diabetes 

Charlf-S Chesner, !M.D.* 

CoLUAiBUS, Ohio 

H EilOOJlROiMAT(J«IS is a rare disorder of iron nietaijolisni oceurrinu; ])re- 
dominanlly in middle-aged men, eliaracterized by a cKnical tiiad of lie])atie 
enlargement, diabetes, and pigmentation of the skin. This ease, oecun’ing in a 
14-year-old •white boy without pigmentation of the skin and diabetes, is being 
inesented because of its atypical clinical features. 

CASE REPORT 

A lt-year-ol(l -nliite boy was admitted for the first time to the tTniversity Hospital on 
Feb. 1, 1914, r\-itli the chief complaint of upper respiratory infection. For the past .‘•i.'r year.= 
he had liecn anemie and had been treated with liver and iron. Tlie anemia was pf tlie 
liypocliromic tj'pe and gradually progressed. For six montlis before tlie first admission he 
had complained of progressive weahness and fatigue. A few day.® before this admission he 
dcieloped an upper re«piratoiy infection with postnasal drip, baching cough, and frontal 
headache. On physical examination the spleen wa.s palpated three fingerbreadths below the 
light co-tal margin and was slightly tender. The blood count .“bowed: red blood celK, 
2.0 million per cubic millimeter; hemoglobin, 3.9 Gm. x>er 100 c.c.; reticulocyte.-, 1.2 per cent; 
and ahitc blood colls, 4.000 per cubic millimeter with 04 per cent neutrophiles. 27 jier cent 
lymphocytes and 9 per cent monocyte®. There were .3.50,000 platelets per cubic millimeter. 
The fiagility of the red blood cells nas normal. A sternal pmneture revealed hyperplasia 
of tlio err-throid elements. He was Rh negative. The result.® of an adrenalin test I'ere 
intcipictcd as ®howing exces®ive scejuestration of red blood cells, white blood cells, and 
j'latelot®. On the eighteenth hospital day a splenectomy for Banti’s disease was performed. 
At the time of the operation tlie liver was enlarged hut did not appear to be cirrliotic. 
Micrii®copic sections of tlie spleen sliowed reticulum-cell hyperplasia rvitli filiro-i.®- and dilata- 
tion of the sinusoids; hemosiderin was present in increased amounts. Postoperativelv the 
red blood cells nere stabilired at 4..5 million per cubic millimeter and tlie wliite blood celh- 
at 7, non per culiic millimeter. After an uneventful course tlie patient was di®cliargpd on 
the fourteenth postoperative day. 

The second admission occurred three months after the fir.st. At this time the patient 
cimiplaincd of ■weakness with anorexia and nau=ca. He was pale, weak, and listless. The 
liicr was not palpable. The admission blood count «iio\\ed: red blood cells. 3.7.5 million 
IKT cubic millimeter; licmoglobiii, 3.S Gm. per 100 c.c.; reticulocyte®, 1.0 jier cent: and 
Mhite blood cell®, 15.000 jtcr cubic niillinictcr with 00 per cent neutrojihiles and 40 Jjcr cent 
Uniphocytc®. The patient was given four transfusion®. The red blood count ro®e to a 
iiiaxiimim of 2 millinii jicr cubic millimeter and tlie hemoglobin to S Gm, jior 100 c.c. He 
was ilis( barged on the seventh liospit.al day. 

The thir.l admission was two month® later. Tlie patient was pale, poorly noiiri-he.]. 
and somewhat icteric. Tlic Iher wa® palp:ibio two fingers below the riglit co-tal nmrgin. On 
three siicce-si\o day.® he received 1.000 c.c. of su-pended red blood cell®. No blood comil- 
weie recorded for tin® admi-sion. Tlie jiatient was discharged greatlv improved 
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anemia.’’ 'We studied llie urinary pepsin in fourteen women patients witli Inic 
aclilorhydria, all of whom liad I'oeovcrcd from an iron deficicney anemia. Tlic 
peptic activity cx])ressed as tyrosine ranged fi'om 0.3 to 3.2 mg. with an averase 
of 1.2 mg. (average for normal .subjects, 2.4 mg.), hliglit of the fourteen patients 
liad values above .1 mg., tlie upper limit .seen in ])crnicious anemia. Farther 
evidence thas is offered for a quantitative relation between ga.siric and urinary 
])epsin. 

The extremely low values for peptic activity of the urine that Avere oh.servcd 
in patients Avith pernieions anemia might make the test applicable for clinical 
purposes. The method is simide and is lAcrformcd oii a single fasting urine 
specimen. In the forty-one imtients Avith lAcrnieious anemia, the peptic activity 
of 1 c.e. urine cx]Arcsscd as milligrams of tyrosine .shoAved vabies of 1 mg. or less, 
whereas only 6 per cent of eighty-two normal }Acrsons‘’ fell within this range. 
Therefore, in a ])atient suspected of liaving ])ernicious anemia, a tyrosine level 
above 1 mg. AA'ould be good evidence against, this diagnosis. 

.SUJISIAUV 

1. Quant itatiA’c estimations of a pep.sin-likc substance in the urine Avere 
made by a modification of the An.son and itlinsky method. 

2. The peptic actiA’ily of the urine aavis markedly diniini.shcd in patients 
Avith pernicious aiicmia as compared to normal sub.jcct.s. 

3. The possible diagnostic application of the test is di.scu.sscd. 
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Fig. 2. — Liver. Section shows cirrhosis and hemosiderosis. The pisnient is deposited 
m greater quantities in large mononuclears In the portal canals. It Is also present In large 
amounts in the parenchymal cells and Kupfter cells. (Iron stain.) 
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amounts of iron vrere found in the splcnule. Quantitative analysis of the liver showed 2 
per cent by weight, or 47 Gm. of iron in the liver. Ko sections of the skin were submitted for 
histologic examination. 

Final Diafffiosia . — Hemochromatosis with hemosidero-fibrosis of the liver and pancreas 
and generalized hemosiderous ; portal cirrhosis of liver ; recent thrombosis of portal and 
superior mesenteric veins with hemorrhagic infarction of the lower three-fourths of the small 
intestine; atelectasis of the right lower lobe; Ghon tubercle in the lower lobe of right lung; 
absence of spleen (surgical removal). 


DISCUSSION' 

Diagnosis. — Frona the point of vietv of diffevential diagnosis this case rep- 
resents several interesting problems. The age of the patient is mnch younger 
than the usual recorded age of 45 to 50 years. In the series of Sheldon^ the 
earliest recorded age for the appearance of the fully developed disease is 20, 
although symptoms of the disease did appear at T. 16, IT, 18, and 19 years of 
age. Sheldon further states that the occasional early emergency of symptoms 
may be expected. 

The pathologic interpretation of the case is that of hemoehromatasis. The 
diagnosis is based upon the findings of pigment cirrhosis of the liver, fibrosis 
and pigmentation of the pancreas, and siderosis of other oi-gans. 

Two of the three classic signs and symptoms, diabetes and pigmentation of 
the skin, were absent. In Sheldon’s series pigmentation of the skin constituted 
the fii-st sj-mptom of disease in 25.7 per cent of the eases and was found in 
83.8 per cent of his series. It was the fii-st symptom noticed in 40 per cent of 
the series published by Butt and "Wilder.- Lisa and Hart,® on the other hand, 
emphasized that a certain number of cases may not show any skin pigmentation 
and that as many as 75 per cent of early cases iriU have no eiidence of bronzing. 
Diabetes was found in 25.7 per cent of the patients in Sheldon’s series as the 
initial sj-mptom and was finally present in 70 per cent of his cases. Eighty-six 
per cent of the Itlayo series® gave laboratoiy evidence of diabetes. According to 
Karsner'' one out of every 2,000 to 3,000 pereons with diabetes show hemo- 
chromatosis. Enlargement of the .spleen, which in our case was one of the firat 
noted organic changes, is known to occur in hemochromatosis. In Sheldon’s 
series the spleen was enlarged in 60 per cent of the cases, while an enlargement 
of the liver was diagnosed in 92 per cent of the cases. 

A particularly interesting finding in our case was the presence of anemia 
which preceded the onset of all other symptoms by approximately six years. 
Prom the laboratory data we can conclude that it was a hypochromic microcytic 
anemia with no evidence of marrow hypoplasia. Tiie values for the red blood 
colls and hemoglobin alone were depre,ssed. The reticulocytes were either normal 
or moderately elevated. The platelets were normal before splenectomy and 
greatly elevated after splenectomy. The white blood cells were decreased in 
number before splenectomy and fluctuated considerably afterward. These find- 
intrs would support a diasniosis of an iron deficiency anemia as against an 
aplastic typo of anemia. Only six ea.ses of Sheldon’s series .showed a red blood 
count below 2.5 million per cubic millimeter. Anemia associated with hemo- 
chromatosis has been observed by other authors, and the combination of both 
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conditions lias been considered more than accidental by Zeltmaelier and Bevans.’ 
However, their case, as well as those of Kark,® fSturgis," and ]\Iacke.v,® and the 
three cases of Bomford and Rhoads® were aplastic in tyjie. 

The cause of death in our case must he considered finite unusual and may 
he one of the late comiilications of splenectomy in iiortal obstruction. The 
thrombosis was not accompanied by a pyogenic innccss in the portal .system. 
It is interesting that we had the oiiportunity at o]icration to study the spleen at 
a stage where no evidence of pigment cirrhosis was noted, lilicroscopically the 
spleen showed an increased amount of iron pigment together with changes typ- 
ically associated with the spleen in liver cirrhosis. 

Pathogenesis. — Sheldon, who made an exhau.stivc study of the disease, be- 
lieves that hemochromatosis is a congenital disease and eonsi.sts chiefly of a 
fundamental disorder in the iron metabolism with accumulations of small 
amounts of pigment over a long period of time. Consequently, it takes 40 to 
50 years for the emergency’ of symptoms, although occasionally’ symptoms occur 
at an earlier date. In his series of 311 cases there was no evidence of increased 
hemolysis, such as increased icterus index, rcticulocytosis, or increased bilirubin 
excretion in the urine, nor was there any evidence of the action of a toxin. The 
majority of writers on this subject concur with this opinion. RosenthaB® be- 
lieves that the fundamental disturbance is the inability of the liver to change 
ferric to ferrous iron. hlalloi’y’V’ work on e.xperimental animals led him to 
believe that intoxication with copper with resultant destruction of crythrocy’tes 
and liberation of iron from hemoglobin is an important factor in the production 
of hemochromatosis. Smith and Gaidt’* suggest that hemochromatosis might 
be analogous to von Gierke’s disease, the iron entering into the cell normally and 
being transformed into a form incapable of excretion. 

An interesting theory’ has been suggested by a group of authors® who 
described hemochromatosis in association with aplastic anemia. They’ believe 
that in those cases obsci'ved after they’ have been kept alive by’ a large number 
of blood transfusions increased hemolysis may’ be the etiologic factor of hemo- 
chromatosis, while the cause of anemia is probably’ obscure. It is suggested that 
the iron derived from the destruction of intrinsic and transfused blood is de- 
posited in a cirrhotic liver, thus producing a picture indistinguishable from 
hemochromatosis. As the pancreas becomes ijivolvcd in this process, diabetes 
might develop. 

'iiniether hemochromatosis can be produced by’ an increased amount of 
blood transfusions in various anemic conditions has not been definitely’ answered. 
Sturgis expresses the opinion that in his case hemochromatosis did develop after 
137 blood transfusions. Mackey and Kark likewise believe that the hemo- 
chromatosis in their cases is directly related to the amount of iron administered 
in transfusions. Of the other cases of aplastic anemia developing hemochroma- 
tosis Bomford and Rhoads make no direct statement as to the relationship of 
hemochromatosis to multiple transfusions, while Zeltmacher and Bevans are 
unable to account for the total amount of iron found at autopsy’ on the basis 
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of transfusions alone. IGlduffe and DeBakey^^ state that occasionally patients 
who receive transfusions over prolonged periods of time develop hemochroma- 
tosis, but they do not give details. However, others experienced in the conse- 
quences of blood transfusion would not generally accept .such etiologic relation- 
ship.’'*''" Experimental attempts to reproduce liemoehromatosis by repeated 
transfusions, by hemolytic agents, and by in,iection liemoglobin or dialized iron 
have not been successful.’®'"'' 

In our case tlie patient received a total of 6 liteis of blood over a nine 
months’ period, or 2.75 Gra. of iron. The amount of iron recovered from the 
liver was 47 Gm. From these calculations it is clear that the pigmentation can- 
not he explained by the retention of transfused iron. 

A recent article by Gillman and Gillman"’ from South Africa, on the 
stnicture of the liver in pellagra, is most interesting and if confirmed would 
constitute a new approach to the study of hemochromatosis. On the basis of 
400 liver biopsies in 120 patients with pellagra, they conclude that hemochroma- 
tosis is one of the commoner sequelae of pellagra (15 per cent of the cases). 
The hemosiderin and hemofuscin pigments are formed in association with 
changes in the mitochondria, ultimately leading to the disruption of the mito- 
chondria. This profound disturbance of intracellular metabolism is related to 
some forms of malnutrition. Hemochromatosis is therefore considered as an 
acquired rather than as a congenital disease. Further observations, based on a 
series of 700 livers from autopsies in sudden and ^^olent deaths (unreported) , 
lead them to believe that hemochromatosis is a common disease in Africans. They 
attribute this to the totally inadequate diets of these natives. 

There is inadequate information to discuss our own case from a nutritional 
point of view in line with Gillman and GiUman’s recent concept. Notes on 
the first two admissions described the patient as being well nourished and 
on the last two admissions as being poorly nourished. The autopsy protocol 
describes the patient as being fairly well nourished. 

SUMMARY AXD COXCLUSIOX 

1. An atypical case of hemochromatosis without pigmentation of the skin 
and diabetes as occurring in a 14-year-old white boy is presented. 

2. The diagnosis is based upon the findings of pigment cirrhosis of tiie 
liver and pancreas and siderosis in other organs. 

3. A particularly interesting feature in our case is the presence of a severe 
anemia which preceded the onset of other sj-mptoms by approximately six years. 
From the laboratory data we classify this as a hj-pochromic micrcej-tic anemia 
of the iron deficiency type. 

4. In the more recent literature the association of hemochromatosis with 
cases of aplastic anemia has been noted. The possible relationship between hemo- 
chromatosis and the multiple transfusions given to these cases has been suggested. 
At the present time we do not believe that this question has been definitelv 
answered. 
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6. No such relationship is jircsenl in our ease. A total of 2.75 (Jni. of iron 
Avero contained in the Iransfu.sod blood. The liver at autop.sy contained 47 ftm. 

6. In a recent paper Oillnian and (lillnian propose a nutritional l)a.si.s for 
the ])atho<>cnesi.s of hemochromatosis. 


hkfkkkxcks 

1. SlicUlcm, J. H. : IlaoiiioclironuUosis, London, JO.L"), O.xfoid UniviT.-.i(y Pn’.'-.'', 

Sheldon, .T. 11.; llcnioehromntosis, Lancet 2: 30i?l, 

2. But(, II. K., and Wilder, P. II.: Ilemochroinato.'ii.s Aicli. Path. 26: 262, IP.'!-!. 

а. Lisa, J. E.. and Hart, .T. P.: Pigment Cirrlio.si.s New York State .1. Med. 39: 521, 1959. 

I. Kar.'sncr, II. T.: Human Patliolog}’, ed. 6, Pliiladelpliia, 1012, .1. B. Lippincott Company, 

pp. 29 and 5-17. 

5. /lelfmachor, K., and Bevan.s, JI.: Aplastic Anemia and It.s As.'-ociation With Homo- 
chromntosi.s, Arch. Int. Mod. 75: .‘19.5, 1915. 

б. Kark, B. JL: Two Cases of Aplastic Anemia, Giiy’.s IIosp. Hep. 87: .'ll.'!, 19.'17. 

7. Sturgis, 0. C. : Personal communication to an a.'-socintc, l)r. M. Spyker. 

8. Jlackey, I?.; Quoted from Zeltmacher and Bevans..'’- 

9. Bomford, B. B., and Bhoads, C. P. : Befractory Anemia, Quart. .T. Med, 10: 17.5, 1943. 

10. Bosenthal, S. B.: llcmocliromatosis, Arch. Path. 13: ,88, 39.52. 

II. Mallory, P. B., Parker, F., .Tr., and Nyc, B. N.: Experimental Pigment Cirrhosis Due 

to Copper and Its Bolation to Hemochromatosis, .1. M. Bescarch 42: 401, 1921. 

12. Smith, L. IV., and Gault, E. S. : Essenti.als of Pathology, cd. 2, New 5’ork, 1942, D. 

Applcton-Ccntiirj' Comp:Lny, Inc., p. 44. 

13. Kilduffe, B. A., and DeBakey, M.: The Blood Bank and the Technique and Therapeutics 

of Transfusions, St. Louis, 1942, C. V. Moshy Comjmny. 

14. TVliithy, L. E. H., and Britton, C. -L C.: Disordeis of the Blood, cd. 4, London, 1942, 

J. & A. Churchill, Ltd. 

15. IVintrobe, M. M.: Clinical Hematology, Pliiladelpliia, 3943, Lea & Fcbiger. 

16. Yates, J. L., and Thalhinier, W.: Treatment of Pernicious Anemia, J. A. Jf. A. 87: 

2150, 1920. 

17. Jones, H. 5V, : Prolonged Blood Transfusions in Pernicious Anemia, J. A. M. A. 86: 

1073, 1920. 

18. Muir, B., and Shaw Dunn, J. : Iron Content of Organs in Bronzed Diabetes, J. Path. & 

Bact, 19: 417, 1914. 

39, Muir, B., and Young, J. S. : Belation of Liver to Disposal of Haemoglobin, .1. Path. & 
Bact. 35: 113, 1932. 

20. Poson, C. J. : Fate of Colloidal Iron Administered Intravenously, J. Path. & Bact. 32: 

247, 1929. 

21. Gillman, J., and Gillman, T. : Structure of the Liver in Pellagra, Arcli. Path. 40: 239, 1945. 



LABORATORY METHODS 


A SIMPLE METHOD FOR PERFOR3iIINC4 A WASSER^HAKN TEST ON 
ANTICOJIPLEJIBNTARY SERtHM 

Albert T.vrax, B.A. 

New Rochelle, N, Y. 

T N ALL clinical laboratories serologists have obtained anticomplementarj' re- 
1 actions in the performance of the "Wassennann tests. The common practice 
in such cases is to report the test as anticomplementary and to recpiest that an- 
other specimen of blood, be taken. Usually, the next .specimen is found to be 
satisfactorj'. There are also some cases in wliich anticomplementary reactions 
are obtained on several successive specimens of serum. 

An attempt was made to study these tests and to devise a simple method for 
performing a Yrassermann test on anticomplementary serum, in order to be 
able to report the test as negative, doubtful or positive and to eliminate the 
necessity of taking further specimens of blood from the patient. 

Since .the criterion for the anticomplementary reaction is found in the con- 
trol tube, where no antigen is added, it becomes apparent that the patient’s 
serum has the ability to “fix” complement by itself. It was found expedient, 
therefore, to saturate the patient’s serum with complement by incubation with 
undiluted complement at 37° 0. and then to destroy the excess complement by 
inactivating for thirty minutes at 56° C. At this point the serum is ready for 
the Wassermann test. The ability of the serum to “fix” complement has now 
been thoroughly satisfied, and further fixation in the control tube (withont 
antigen) is no longer possible. The usual amount of complement is added to 
all of the tubes in the performance of the "Wassermann test on the complement- 
saturated serum. 

This conception has been ampl 3 ' home out experimental^-. The tests were 
performed on 200 anticomplementaiy serums over a period of about fifteen 
months. Included with each setup of anticomplementaiy bloods were knoini 
negative and positive serums as controls for tlie method employed. Fresh 
specimens of blood were also obtained from those patients having antieomple- 
meiUary reactions in order that routine Wassermann and Kahn tests could 
he performed as additional controls for the complement-saturation method. 

method 

To 2 c.c. of anticomplementary serum add 0.3 c.c. of undiluted comple- 
incnf and place in 37° C. water bath for thirty minutes. Remove and place 
in 56° C. water bath for thirty minutes to destroy exees.s complement. Per- 
form a Wassermann test on the serum in the usual manner. The Kolmer three- 
tnbe test was employed in this laboratory. 

From the Xcti- nochelle Ho.cpital Laboratorj- ; Jamo.e Denton. Jf.D.. Director 
Uecclvna Tor publication. June 24. 1S4C. 
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TARAX 


It -will be found that in the great jnajorit}' of cases this proportion of 
sei’unx and undiluted complement will suffice to saturate the serum. However, 
if an anticomplemcntary reaction is again obtained, the procedure can be re- 
peated with an additional dose of 0.1 to 0.2 c.c. of undiluted complement. 

RESULTS 

All bloods that were anticomplemcntary we were now able to i-eport as nega- 
tive, doubtful, or positive. In each case the control tube sliowed complete 
hemolysis. 

The addition of undiluted complement to known negative and positive 
serum had no deleterious effects. The results on these .serums were the same 
with and without complement saturation. 

Table I. Eepbesentative SAjtPLK or Results or CoxtPLESiEST-SATUBATio.v Test.s os 
ASTICO ilPLEMESTARY SERUM AKP CO.VTKOL 'WASSERM AS.V TEST.S OS FliESII 
Serum axp Kahn Tests 


CASE 

WASSEnsrANN ON 
ANTICOMPEEMENTAUY 
SERUM 

WASSERMANN ON 

FRESH SrEClMEN 

OF SERUM 

KAHN 


1 

Positive 

Positive 

Positive 


o 

Positive 

Positive 

Positive 


3 

Positive 

Positive 

Positive 


4 

Positive 

Positive 

Positive 


5 

Positive 

Positive 

Positive 


0 

Positive 

Positive 

Positive 


7 

Negative 

Negative 

Doubtful 


8 

Doubtful 

Doubtful 

Positive 


9 

Positive 

Positive 

Positive 


10 

Positive 

Positive 

Positive 


11 

Positive 

Positive 

Positive 


12 

Positive 

Positive 

Positive 


13 

Positive 

Positive 

Positive 


14 

Negative 

Negative 

Negative 


15 

Positive 

Positive 

Positive 


10 

Positive 

Positive 

Positive 


17 

Positive 

Positive 

Positive 


18 

Doubtful 

Doubtful 

Doubtful 


19 

Positive 

Positive 

Positive 


20 

Positive 

Positive 

Positive 


21 

Positive 

Positive 

Positive 


22 

Positive 

Positive 

Positive 


23 

Positive 

Positive 

Positive 


24 

Negative 

Negative 

Negative 


25 

Positive 

Positive 

Positive 



The Wassermann tests on the anticomplementary serums cheeked very 
closely with the Kahn tests, as well as with repeated Wassennann tests per- 
formed on fresh serum. In Table I is given a representative sample of the re- 
sults obtained in this study. It is noteworthj- that the majority of serums that 
were anticomplementary were positive with the method described. 

Although the method could be applied to anticomplementary serums that 
are very badly hemolyzed or greatty contaminated with bacteria, it is not ad- 
visable to run these. In such eases it is best to obtain fresh specimens of 
blood, since this is encountered very infrequently. 
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SUMMARY AND CONCLUSION 

1. A simple procedure has been given which permits the performance of 
a IVassermann test on anticomplementary serum and which eliminates the 
neeessitj' of taking further specimens of blood from the patient. 

2. The procedure is based on the saturation of the serum urith imdiluted 
complement to satisfy the “fixing” properties of the serum. The excess com- 
plement is then destroj’-ed, and a 'Wassermann test is performed in the usual 
manner. 

3. In all cases complete hemolj'sis was present in the control tube, and the 
tests were reported as negative, doubtful, and positive. 

4. Known negative and positive serums were treated in the same manner as 
the anticomplementarj^ seiums in order to check on the effects of complement 
saturation. The results of these tests were the same with and ‘without comple- 
ment saturation. 

5. There was excellent correlation between the Wasseimann test on anti- 
complementarj* serum and the repeated ^Yassermann test on fresh serum and 
the Kahn test. 



A i\II‘X:!IIANI(JAL J)li:VJ(!E TO 
ELECTROCAKDlOrJKAPilK; 


KACrUTATJ-: 

PEAI)TN(J 


lunNn G. Tamagxa, JI.G.® 
Nkw Yokiv. N. Y. 


T here arc several mechanical devices in use lo facilitalc eleclrocardiograpliic 
interpretation. Tlic.v arc based on the idea of applyin>r an indicated .scale 
against the electrocardiogram, merely tiying to eliminate time multiplication or 
counting of millimeters. The need was felt for a new instnmient, simple in 
design, to aid in every po.ssiblc idia.se of elect rocardiographic reading Avithout 
the additional use of compasses. 

This imstrument (Eig. 1) combines the princiide of the slide rule and the 
caliper. It is made of plastic material and is e(|uip])ed with a sliding tongue, 
which makes it possible to gauge distances and to eomj)are set distances. If 
is also equipped Avith a gla.ss lens of such focal length and size as to collect the 
light rays from a near-by source of light and thereby to bi’ightcn uj) and mag- 
nify the obsei'A-ed area four times, AA'ithout distoi-ting the millimeter and time 
lines of the electrocardiogram. 

The sliding tongue and the fixed zero indicator ha\'c a longitudinal line 
Avhich can be used as a base line. 

The instrument 'has three .scales AA’hich I’cad f}'om the right to the loft. 
Scale 1 indicates millimeters; Scale 2 indicates the calculated lime intciwals; 
and Scale 3 indicates the calculated heart rates of a regular rhythm. 

The reading is taken against the h.airlinc on the coA'er glass Avhieli is mounted 
in a fixed aluminum frame. The gauging and comparing of distances are ob- 
tained directly on the electrocardiogram, betAA-cen the edge of the AA-edge-shaped 
fixed zero-piece (A) and the edge of the A\’cdgo-.shapod end of the sliding tongue 
(B). The scales are impressed upon the top surface of the .sliding tongue, di- 
rectly beloAV the hairline. This eliminates faulty reading due to parallax, both 
in gauging and reading. 


The instrument is applied as folloAvs : 

1. Determination of Bcgntanfy . — The reader is placed on the electrocardio- 
gram AAutli the longitudinal line OA^er the base line. The edge of the fixed zero- 
piece is set OAmr the peak of the B or S AA'aA'c, and the edge of the sliding tongue 
is pulled out to the peak of the next B or S AA’avc. In order to determine the reg- 
ularity or irregularity of the heart rate, this inteiwal is compared with cor- 
responding inteiwals in other complexes by moving the set reader to various 
complexes. 

2. Beading of the Heart Bate. — The heart i-ate is obtained directlj" b.A^ tak- 
ing the reading from the heart rate scale of the R-R or S-S interA-al against the 
hairline. 


Vrnm the Division of CarcUoloey. Department of Medicine, New York Post-Graduate 
Medical school. Columbia University. 
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3. Reading of Time Inicrvals . — The reader remains in the same position. 
The time scale indicates the distances in seconds. The tongue is pulled out to 
the end of the ivare whose time is to be measured, while the fixed zero edge co- 
incides idth its beginning. The exact time interval is read against the hairline. 

4. Reading of MiRimetcr Distances . — ^The instrument is placed on the 
electrocardiogram with the longitudinal line in the direction of the millimeter 
lines. The reading of the height of the different waves is obtained bj* moving 
the sliding tongue from tlie base line to tlie apex of the wave and by reading the 
indicated millimeters against the hairline. Such set intemmls can be compared 
with different complexes simply by moving the reader over to the various com- 
plexes. 



Fig. 1.* 


The reader is transparent over its entire area in order to maintain visibility 
of the full length of the electrocardiogram under scrutiny. 

This reader helps to obtain accurate measurements. It aids in compiling 
numerous data for electrocardiographic research and for diagnosis. 


'’'•'Dumonl ^\1U be nianufactureil by the Unllea 


Optical Mfg-.. Corp., New York. 




AN ELECTROCARDIOGEAPIIIC CALIPER CALCULATOR 


M. R. ]\Ialino\v* and B. ICoNoot 
Chicago, III. 

R ules for the direct measurenieiils of heart rate (and cycle length) on tlie 
electrocardiogram are based on a fixed reference distance, implying a 
single and uniform camera speed. This precludes their use for cameras with 
different speeds and leads to errors in reading wlien tlie speed of the camera 
is not uniform. 

The present caliper was developed to take into account such A-ariations 
in camera speed and to make the instrument adaptable for a wide range of 
speeds. The caliper is constructed so that rates as slow as 30 can be measured 
readily Avith camera speeds of 19 to 30 mm. per second. 

The caliper is illustrated in the closed position in Fig. 1 and ready for use 
in Fig. 2. The instrument consists of an adjustable caliper (B) and a double 
rule (-dL), the loAver one giA'ing cj'cle length in hundreds of a second and the 
upper one heart rate in beats per minute. Tlie scale is 25 cm. long and permits 
the reading of heart rates betAveen 30 and 400 boats per minute or of cycle 
lengths between 2.0 and 0.15 seconds. To construct the upper scale, heart rates 
betAveen 30 and 400 Ai'ere converted into distance, to be read from the zero point, 

ranging from cm. = 25 cm. to cm. = 1.875 cm. In the loiver scale 

the subdhdsions are 1.25 mm. apart. Each diAusion represents 0.01 seconds. 
The total length of the scale, 25 cm., therefore contains 200 subdiAOsious or 2 
seconds. The tAvo sections of the rule are separated by a slot ((7) in AAdiicli 
the peg (E) can slide. 

The caliper is an ordinary’- enlarging caliper Aidiose longer limbs can be 
varied in lengtli by the setting of the upper rods {II and H’, respectively). 
These rods can be adjusted by loosening the scrcAi's (7), and once set they are 
fixed in place by retightening the scrcAvs. The shorter limbs {F) of the caliper 
are 2^4 cm. long, measured from the fulcrum. The longer limbs {G^ can be 
varied from 16 to 25 cm. The rods of the longer limbs are constructed so as 
to enable them to slide easily in grooves in the fixed part of the longer limbs. 
One of the rods is fastened to the rule through a piA'ot that corresponds exactlj' 
to the zero point of the scales (0). The other rod, as mentioned before, can 
slide in the slot betAveen the tAvo scales of the rule. 

In operating this caliper, the small limbs are applied to the electrocardio- 
graphic record so that the points are separated by time lines marldng 0.60 of a 
second. Then the screAA’s (7) are loosened and the length of the long limbs 

From the Cardiovascular Department, Michael Reese Hospital. 
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Received for publication. June 27, 194C. 
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adjusted so that they bound the distance of 0.60 seconds in the lourer scale." 
The extra scale on these limbs (S) permits setting^ of both limbs to precisely 
the same length. The screws {I) are then fastened in position, and the caliper 
is ready for use. The smaU limbs are applied to mark oif the desired distance 
(R-R or P-P intervals, etc.). The long limbs immediately Avill give the cycle 
length and heart rate, men several cycles are measured, the cycle length 



! 



FI& 1 . 


can be obtained by dividing the lower scale by the number of cycles measured, 
and the rate ean be obtained by multiplying the reading on the upper scale 
by the number of cycles measured. In the case of flutter and fibrillation of 
the auricles, a similar procedure can be used to get the auricular rate. 

When used in the manner described, the caliper obviates the inconvenience 
of fixe d rules when camera speed varies. In its construction and use in the 


’’”'1 ■n'lcntatlon (U) In the upper scale set It a cycle lencth on the lower 
seconds in order to facilitate this operation. A slight upward movement of the 
ml role ‘he notch (D) and permit it to slide freely In the slot of 
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manner outlined there is, with the usual camera speed, approximately a seven 
to one enlargement of the scale distance of the record. Tlie enlargement is 

16 25 

given h}' the ratio of the large to .small limbs, and it varies from ^ to — 


or from 6.04 to 10. With a little experience this caliper calculator can he 
employed quickly. It is especially useful in those in.stilutions which hamlle 
a large number of records daily, since the camera speed in a day’s run of one 
machine is .sufficiently constant so that once the calijicr is set it can he useil 
without readjustment for all of the records of that machine that day. It is 
ahso time saving in calculating average rales and cycle lengths in the pre.sence 
of arrhythmias. However, it must he stressed that its projicr use demands a 
rigorous compliance with the simple rules ])reviously outlined. The caliper 
has been tested on a largo series of records in the Heart Station and found 
satisfactory in our hands. 



Fiff. 2. 


SUMMARY 

A new caliper calculator for determining heart rate and cycle length in 
the routine measurement of electrocardiograms is described. The method of 
its use is outlined, and its advantages for quick calculations are discussed. 

We wish to express appicoiation to Dr. L. N. Katz, for his guidance in the develop- 
ment of this instrument. 



THE DETERIIINATION OF URINE UROBILINOGEN 

The Ixterpret.vtiox of the Rate of Color De^'elopjiext of the 

Ehrltch Reaction' 

AVilliam D. IOelly, M.D., Jessica H. Lewis, M.D., .\^'d 
Charles S. Dayidsox, AI.D., C.M.. Bostox, ALass. 


ixtroductiox 


W IDESPREAD recognition of the value of a clinical laboratory test for 
urobilinogen in the study and diagnosis of liver disease and jaundice has 
led to the development of a number of methods for the detemiination of uro- 
bilinogen in the urine and stool. The diagnostic value of a purely qualitative 
te.st is limited; consequently, efforts have been made to develop a sati.sfactoiy 
quantitative method. 

AY allace and Diamond^ introduced a method invoh-ing progressive dilutions 
of urine. Ehrlich's reagent (paradimethylaminohenzaldehyde in a solution of 
hydrochloric acid) is added to a series of tubes containing progressive dilutions 
of urine, and the tube of highest dilution shmring eridence of a reddish-pink 
color is taken as an expression of the quantity of urobilinogen in the urine ' 
sample. Five minutes are allowed after the addition of Ehrlich’s reagent for 
production of the “maximum intensity” of color, for it was observed that more 
color was produced if the reaction was allowed to proceed for some time before 
readings were taken. 

AA’’atson'“ has presented a modification of Tetaven's^ extraction method for 
the quantitative determination of urobilinogen in the urine and stool. This 
method is the most satisfactory for accurately determining urobilinogen, but it 
is time consuming and not adaptable to routine clinical use. In recognition oi 
this, AYatson® recently described a simplified procedure in which color is pro- 
duced in urine by the addition of Ehrlich’s reagent followed by a saturated solu- 
tion of sodium acetate. The intensity of color is then visually compared witn 
dye standards or measured in the EveB'n photoelectric colorimeter. The solution 
of sodium acetate both causes maximum development of color and brings the 
color-producing aldehyde-condensation reaction to a halt. Following the addi- 
tion of the sodium acetate, the color produced begins to fade gradually, but this 
is negligible if the colorimeter reading is made iritliin five minutes. AYatson 
points out that in addition to urobilinogen the simplified method also measures 
other substances in urine which will produce a reddish color when treated witii 
Ehiiicii's reagent. Indole and skatole are two of these substances, but there are 
othci-s about which little is known. AYat.son, however, states “. . . these sub- 
stances are usually present in amounts roimhly proportional to that of uro- 
hilinogen. so that from the clinical standpoint the infonnation gained is usuallv 


. , From the Thomdlke McmorSnl L.-iboratory. Second and Fourth Medical Services 

vnrd). Bo'.ton City Hospital, and the Department of Medicine. Harvard .VtadlcSf^chool 
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equivalent to tliat obtained with tlie exact quantitative method (petroleum ether 
extraction procedure).” 

In the simple direct method as Watson® describes it, the immediate addition 
of sodium acetate to the mixture of urine and Ehrlich’s reagent is implied. 
In some laboratories in which this method is used, it has been customary to 
modify AVatson’s procedure by allowing a time interval to elapse between the 
addition of Ehrlich’s reagent and the sodium acetate solution to assure maximum 
color development. The experiments outlined in the present report suggest that 
such a modification of AVatson’s metliod is not justified and, indeed, that the time 
interval should be standardized at fifteen seconds. 

jrETHODS AND MATEUIALS 

Two methods described by AAbatson (the petroleum ether extraction method* 
and the simplified direct method®) were used with the modifications to be de- 
scribed. The material consisted of twelve urine samples from normal individuals 
and nine urine samples from patients in whom increased amounts of urobilinogen 
were expected. The latter were all patients with Laennec’s cirrhosis of the liver, 
with the exception of one patient with infectious hepatitis in early convalescence. 
All the urine specimens wore single voided specimens not accurately represent- 
ing any constant period of excretion and obtained both in the late morning ana 
in the early afternoon. On all of these urine specimens the simple direct method 
for the determination of urobilinogen, described by AA^atson,® utilizing the Eveljm 
photoelectric colorimeter, was used; in addition, tlic factor of time was studied, 
readings being made at thirty seconds and five, ten, twenty, and thirty minutes 
between the time of adding Ehrlich's reagent and tlic sodium acetate solution. 
For the sake of standardization, all readings were made thirty seconds after the 
sodium acetate solution was added and the solutions mixed. In addition, out of 
the group of nine ‘‘abnormal’’ urine samples five determinations of urobilinogen 
were carried out by the ether extraction method, described by AA’'atson,* utilizing 
the EveljTi photoelectric colorimeter. This was likewise modified to include the 
factor of time. After the addition of Elirlicli’s reagent to the petroleum ether 
which contains the extracted urobilinogen and after the extraction of the uro- 
bilinogen from the ether by agitation, the Ehrlich fraction was separated and 
divided into three fractions to which the sodium acetate solution was added at 
intervals of five, ten, and thirty minutes from the time of adding Ehrlich’s 
reagent to the other extraet. In those urines on which both methods were used, 
the procedures were carried out simultaneously. 

KESUI..TS 

The results are shown in Figs. 1, 2, and 3. The intensity of the color, 
which develops in urine before the reaction with Ehrlich’s reagent is stopped 
by the addition of sodium acetate solution (interpreted as Ehrlich units per 100 
C.C.), is plotted against the time interval between the addition of Ehrlich’s 
reagent and sodium acetate to tlie urine. In Fig. 1 the curves are those obtained, 
using the simple method, from the urine of normal individuals; those in Fig- 2 
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arc 1‘voin the uriiips ol' the patients with liver disease; and those in Fig. 3 are 
the plotted values obtained when both the simple method and the e.\traction 
method were done on four different urine .samples. 



l'’lg. .■!. — Coinpiiri.'son of extraction and simple nietliod for determination of urine urobilinogen. 

mscus.siox 

The results indicate that the intensity of color produced in urine after the 
iiddition of Ehrlich 's reagent will increase with the length of time elapsing be- 
tween the addition of Ehrlich’s reagent and the addition of the .sodium acetate 
solution. This increase in intensity tends to be most raj)id in the fii’st ten 
minutes, thereafter slowing down, and iji most eases is negligible at thirty 
minutes. These data also .show that the extracted urobilinogen does not par- 
ticipate in this increase in color intensity. As seen in the curves obtained from 
both the “normal” urines and the “abnormal” urines, the initial intensity of 
color bears no constant relation to the maximum intensity developed in thirty 
minutes. With increasing time between the addition of Ehrlich's reagent and 
of the sodium acetate solution, a wide variation in the intensity of color produced 
occurs which makes the distinction between the normal and abnormal urines 
progressively less marked. Thus, ideally, the sodium acetate should be added 
immediately after the Ehrlich’s reagent; the time at which to read the color 
produced is as close to zero time as can be done. The values shown for the nor- 
mals at thirty seconds would indicate that the upper limit of normal expressed 
in Ehrlich units per 100 c.c. of urine is more than double that suggested by 
Watson, but if the values are extrapolated back to zero time they would prac- 
tically all fall within the upper limit of 1.0 Ehrlich unit per 100 c.c. of urine, 
as Watson indicates. As it is impossible to make readings at zero time. 




DETERIIIN’ATIOX OF URIXE UROBILIXOGEX 


1049 


fifteen seconds has been chosen as the most practical time. Fig. 3 .suggests 
that perhaps the increase in color is not proportional to the amount of uro- 
bilinogen present in the urine. Whether this is a major criticism of the method 
or not cannot be determined from the limited data presented, but it ■would sug- 
gest tliat further investigation along this line is necessaiw to establish more 
accurately the normals for the simple direct method and the relation.ship if any 
to the actual amount of urobilinogen present in the urine specimen. 

SUMiLVRY 

When Elirlich’s reagent is added to urine, the color produced increases -with 
time. Extracted urobilinogen promptly develops full color -with Ehrlich’s 
reagent, which suggests that subsequent increases in color ■v\'ith time are due to 
substances other than urobilinogen. In liver disease the immediate reaction 
appears to be the most significant. It is, therefore, recommended that the re- 
action between Ehrlich's reagent and urine be stopped (by the addition of 
saturated sodium acetate solution) in as short a time as is convenient and that 
can be standardized. Exactly fifteen seconds appears to be the most satisfactory 
time interval. 
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podic Surgeons; Uegistry of Veterinary Pathology, estnblislied in JOJ-I, sponsored by the 
American Veterinary Medical Association; and Registry of Gerontologj-, established in 1945, 
sponsored by the Gerontological Society, Ine. 

Plans for additional registries arc under consideration. A professional scientific so- 
ciety wishing to sponsor a registry sliould communicate with the Director, Army Institute of 
Pntholog)', 7th Street and Tndependenec Avc, S.W., 'Washington 25, D. C. The society ap- 
points a committee to work with the Director in supevvision of the activities of the Registry 
and makes an annual contribution to the budget which is administered by the National 
Academj' of Sciences. 

All specimens in the Ib'gi.'-try arc available for review and re.scaicli liy competent in- 
vestigators. Sets of slides and accompanying .syllabuses on .“-pcci.-il fields arc available for 
loan to the civiliaji professions and oflicers in the federal services. I’liysician, dcnti.sts, and 
veterinarians are urged to send unusual specimens together with an abstract of the history 
to the Registry. The contributor receives a report on e:ich sjreciinen and is a.sked to kcc]) 
the Registry informed of the follow-ujt on the patient. 

With the reorganiration of the Army Institute of Pathology to be completed during 
1940 and 1947, a full-timo scientific director of the American Registry of Pathology will 
bo appointed, and sufficient clerks and tcehnieiaiis will bo available to assure adequate use of 
the registries for diagnosis, research, training of young men, and education of the profession)'. 



DEMONSTEATION OF EH ANTIBODIES IN THE NEAYBOEN AND 
FDETHEE EYIHENCE OF THE PATHOC4ENESIS OF 
EEYTHROBLASTOSIS 


J. JI. Hill. M.D., axd Sol ELiBKHiiAX, Fh.D. 
Dalu\s, Texas 


tT is generally accepted that hemoh-tie disease of the newhom, or erjdhro- 
1 hlastosis, ■with, a few possible exceptions is caused by the production of Eh 
antibodies in Eh-ivegative mothers bearing Eh-positive children. The present 
concept of the pathogenesis of this disease is based upon the reports of Levine 
and Stetson, Landsteiner and \Vieneiv Levine and associates,""® "Wiener and 
co-workers,®’ ' Witebsky and Heide,® and others. If the concept of Forbus® 
that disease is reaction to injuiy is applied to eindhrohlastosis, it would seem 
desirable to attempt to establish the chain of evidence demonstrating the source 
and nature of the injury and the reaction to it. Although the evidence for 
each step in the pathogenesis of the disease is not complete, the sequence of events 
may be outlined as follows; (1) The Eh antigen in the fetal eiytlirocytes 
inherited from the father (2) gains access to the mother’s circulation, (3) evok- 
ing a maternal response of Eh antibodies (4) wliich, in turn, pass across the 
placenta into the fetal circulation or, after birth, are absorbed from the mother’s 
milk and (5) are adsorbed upon the infant’s red cells, (6) resulting in their 
destruction, to produce anemia and jaimdice. Further reactions on the part 
of the tissues of the newborn, such as myeloid hypei-plasia, ectopic hemato- 
poiesis, and edema, then follow, according to the severity of the disease. While 
the premously mentioned steps are commonly accepted, it should be noted that 
number 2, the mode of access of fetal cells to the maternal circulation, probably 
cannot be directly detennined. However, Levine®” has shown by analogy how 
minute quantities of human red cells may immimize rabbits and suggests that 
comparable numbers of erj"throcj"tes might easily enter the mateimal circulation 
through the slight placental defects known to exist. Furthermore, the produc- 
tion of antibodies in the mother is in itself emdence of the introduction of 
antigen of the type present in the fetal ceUs. 

In this report we are concerned principally with the demonstration of 
evidence for events 4, 5, and 6 in the pathogenesis of ciythroblastosis as outlined. 
This evidence consists of the identification of Eh antibodies in fetal serum, their 
specific adsorption on the cells of the newborn, and the hcmolyiic destiuetion 
of Eii-positivc human erythrocytes in vitro. The demonstration cf Eh antibodies 
m the infant has been difficult and uncertain, although Haherman and HilP ® 
m 11)44 first deserihed the finding of Eh asglntinins adsorbed on the erythroc^-tes 
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BOOK REVIEWS 


Everyday Psychiatry. By John D. CamphcU, JI.IX, Coninmnder, Al.C., U.S.N.I?., Cliief Neuro- 
psychiatrist, U. S. Naval Base Hospital No. S; formerly Chief Nciiropsychiatrist, U. S. 
Naval Hospital, Charleston, S. C., and Visiting Lecturer in P.sychintr\', Jledical Col- 
lege of S. C.; Diplomate, American Board of Neurology and P.sychiatry. .T. B. Lippin- 
cott Company, Philadelphia, 1945. Price .$0.00. Cloth with 300 pages. 

The author's aim is to present psychiatric medicine to physicians as to make it as 
naturally acceptable and usable b}- them us internal medicine, neurologic medicine, gj'ne- 
cologic medicine, or surgical medicine. 

To achieve his aim, a simple practical .scheme is required for describing and evaluat- 
ing personalitj' and the common psychiatric disorders. Tlie author presents such a scheme, 
which involves four “basic personality traits” and two “secondary personality factors." 
The four basic personalitj’ f.actors are intelligence, conscience, emotional reaction, and 
psj-chose.vual development. Tlie two secondary personalitj* factors are sociabilitj- and spe- 
cial modes of adjustment. Abnormal person.alities are ranked (verj’ crudely) on each of 
these six scales, and when so ranked group themselves into the standard patterns of border- 
line (nonpsychotic) psj'chiatric disorder: mental dcficicncj*, psychopathic personalitj*, psj*- 
chonourosis and subdivisions, horaose.xualitj*, schizoid personalitj*, cycloid porson.alitj*, chronic 
alcoholism. These patterns are described in concise, clear, vigorous language, with excel- 
lent life histories as illustrations. 

In general, the author has succeeded in his task. The phj’.sicinn who uses the book 
will lose much of his insecuritj* and anxictj* about overj’daj* psj’chiatric problems. Fur- 
ther, as he faces these problems his interest and skill will increase with resulting benefit 
to medical practice as well as psychiatrj*. 

There is one regrettable feature of this otherwise verj* useful book. The author give.s 
the impression (though he denies this as his intention) that the only proper goal of psy- 
chiatric treatment is adjusting the patient to his constitutionnllj* given, quantitatively fixed 
properties or personalitj* factors. This impression ought not to bo given for two reiasons: 
(1) Estimation of a patient’s properties, bj* the author’s method, is extremelj* crude, and 
can bo done only within such broad limits as to make meaningless too assured statements 
about a patient’s “constitutional limitations”; (2) experienced psj'chothcrapists see quan- 
titative changes take place in the behavior of patients under treatment; such changes are 
essential to the success of treatment. It must be said in fairness to the author, however, 
that no adequate scientific demonstration of their occurrence has j-et been made. 

George Saslow, M.D. 
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ANNOUNCEMENT 


Amy Institute of Pathology and American Registry of Pathology 

What is now known as the Army Institute of Pathology was established in 1863 as the 
Army hledical Museum, During World "War H the activities of the Institute were greatly 
expanded, especially in the field of diagnostic pathology and research. There are now on 
file over 170,000 accessions. The results of research at the Institute during the past few years 
will be published in a volume of about fourteen hundred pages as a part of the official his- 
tory of World War II. The present director is Colonel J. Earl Ash, who will be succeeded 
on October 1 by Colonel Eaymond O. Dart. 

On request of Major General Norman T. Kirk, Surgeon General of the Army, the 
Committee on Pathology of the National Eesearch Council, Division of Medical Sciences, in 
late 1945 prepared a report on the future development of the Institute. The report has 
been approved by the Surgeon General and by the War Department. 

The essential recommendations in this report are: (1) that a new building of adequate 
size be constructed; (2) that the Institute be organized in four divisions (Department of 
Pathology, Army Medical Illustration Service, Army Medical Museum, and American Eegistry 
of Pathology), each headed by a competent speciaUst; (3) that the stafli of the Institute be 
drawn from both the commissioned ranks of the Army and from the civilian professions; 
(4) that a comprehensive educational and training program be undertaken; (5) that the 
vast store of material at the Institute be used for research; and (6) that the services in 
pathology in the veteran’s hospitals be centralized at the Institute. 

The American Eegistry of Pathology founded in 1922 thus is, and will continue to be, 
an integral part of the Army Institute of Pathology. There were, on Jan. 1, 1946, over 
43,000 cases registered. To effectuate the new plans as they relate to the Eegistry, the 
National Eesearch Council, Division of Medical Sciences, appointed a Committee on the 
American Eegistry of Pathology. The members of the Committee are Howard T. Karsner, 
Chairman, Cleveland; Colonel J. E. Ash, Washington; Brigadier General George E. Callender, 
Washington; Colonel Baldwin Lucke, Philadelphia; Eobert A. Moore, St. Louis; Benjamin 
Bones, Washington; A. E. Shands, Jr., Wilmington; and Henry A, Swanson, Washington. 


At the present time there are fourteen registries as a part of the American Eegistry of 
Pathology. These include Eegistry of Ophthalmic Pathology, established in 1922, spon- 
sored by the American Academy of Ophthalmology and Otolaryngology; Lymphatic Tumor 
Eegistry, established in 1925, sponsored by the American Association of Pathologists and 
Bacteriologists; Bladder Tumor Eegistry, estabbshed in 1927, Kidney Tumor Eegistry, estab- 
lished in 1940, and Prostatic Tumor Eegistry, established in 1943, sponsored by the American 
Urological Association; Eegistry of Dental and Oral Pathology, established in 1933, spon- 
sored by the American Dental Association; Eegistry of Otolaryngological Pathologj-, estab- 
ished m 1935, sponsored by the American Academy of Ophthalmology and Otolaryngology; 
General Tumor Eegistry, established in 1937, sponsored by the Ameri'can Society of OTnical 
athologists; Eegistry of Dermal Pathology, established in 1938, sponsored by the American 
Acaaemy of Dcrmatologj- and Sj-philology ; Chest Tumor Eegistrv, established in 1942, spon- 
lUl 1 • Thoracic Surgeons; Eegistry of Neuropathology, estab- 

. lea in 1943, sponsored by the American Association of Neuropathologists; Eegistry of 
Hoped, c Pathology, established in 1943, sponsored by tbe American Academy of Ortho- 
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peclic Surfieoii!-; l{of;i''try oC Voteriimry Patholofxy, o'-taljli'-liod in ]!>44, sponsored by the 
American Votcrinnrj’ iNFedicnl Association; and Ucgisfry of Gcronfolopj-, establislied in 1945, 
sponsored by the Gerontological i^ociety, Inc. 

Plans for additional legistries arc under eon'-idi'rafion. A professional scientific so- 
ciety wisbing to .sponsor a registry .should communicate witli the Director, Army Institute of 
Pnthologj-, 7th Street and Independence Avc, S.W., Washington 25, D. C, The society ap- 
points a committee to nork with the Direetoi in .snperiision of the netivities of the Kegistrr 
and makes an annual contribution to the budget which is administoreel by the National 
Academy of Sciences. 

All .specimens in the Pcgi'-liy arc a\ailahlc for riwico and rc“caicli by coiapclcnt in- 
vestigators. Sots of slides and aeeompanj-ing .syllubusc'. on special fields arc asailahlc for 
loan to the ciMlian profes'-ioii'- and olliccrs in the federal seivice'-. Pll,^sician, dentist.s, and 
veterinarians are urged to send umiMial .specimens together witli an abstract of the liistori 
to the Hegistry. Tlie contrilmtor roceises a rcjiort on cadi spei-imen and is a'-ked to keep 
the Registry infoimed of the folhm-u]» on the patient. 

With tlio reorganiration of the Army Institute of Patliology to he completed during 
1910 and 1947, a full-timo seientifie director of tlie .\merican Registry of Patliologv’ will 
be appointed, and .sufllcicnt clerk*; and tcclinieiaiis will he arnilahle to acstire iidequntc u'c of 
the registries foi diagnosis, ro'-carch, training of young men, and education of the profession*;. 



DEMONSTKATION OF RH ANTIBODIES IN THE NEWBORN AND 
FURTHER EVIDENCE OF THE PATHOGENESIS OF 
ERYTHROBLASTOSIS 

J. IL Hill, jHD., and Sol BLvbekm-vx, Ph.D. 

D,vll.vs, Tex-is 


I T IS generally accepted that hemolytic disease of the nen'boxTi, or erythro- 
blastosis, Tvith a few possible exceptions is caused by the production of Eh 
antibodies in Rh-negative mothers bearing Rh-positive children. The present 
concept of the pathogenesis of this disease is based upon the reports of Levine 
and Stetson,^ Landsteiner and Wiener,' Leidne and associates,^*'' Wiener and 
co-workers,®’ " Witebsky and Heide,® and othei’s. If the concept of Forbus® 
that disease is reaction to injniy is applied to erythroblastosis, it would seem 
desirable to attempt to establish the chain of evidence demonstrating the source 
and nature of the injurj' and the reaction to it. Although the evidence for 
each step in the pathogenesis of the disease is not complete, the sequence of events 
may be outlined as follows: (1) The Rh antigen in the fetal eiythrocytes 
inherited from the father (2) gains access to the mother's circulation, (3) evok- 
ing a maternal response of Eh antibodies (4) which, in turn, pass across the 
placenta into the fetal circulation or, after birth, are absorbed from the mother’s 
milk and (5) are adsorbed upon the infant's red cells, (6) resulting in their 
destruction, to produce anemia and jatmdice. Further reactions on the part 
of the tissues of the newborn, such as myeloid h 3 rperplasia, ectopic hemato- 
poiesis, and edema, then follow, according to the severity of the disease. While 
the previously mentioned steps are commonly accepted, it should he noted that 
number 2, the mode of access of fetal cells to the maternal circulation, probabb* 
cannot be directly determined. However, Levine'® has shown by analogy how 
minute quantities of human red cells may immunize rabbits and suggests that 
comparable numbers of eiythrocytes might easily enter the maternal circulation 
through the slight placental defects known to exist. Furthermore, the produc- 
tion of antibodies in the mother is in itself evidence of the introduction of 
antigen of the type present in the fetal cells. 

In this report we are concerned principally with the demonstration of 
evidence for events 4, 5, and 6 in the pathogenesis of eiythroblastosis as outlined. 
Tills evidence consists of the identification of Rh antibodies in fetal serum, their 
specific adsorption on the cells of the ncwboni, and the hemoly'iie destniction 
of Rh-positive Imman erythrocytes in vitro. The demonstration of RJi antibodies 
m the infant has been difficult and uncertain, although Haberman and HUl" 
hi'st de.scribcd the finding of Rh agglutinins adsorbed on the erythrocj-tes 
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of the newborn as well as free in the scrum of cord blood. The adsorbed auti-Eli 
agglutinins were successfully demonstrated by tlic elution tcehnique of Land- 
steinor and !^riller’= in whieli the agglutinins were 3’emovcd from the red cells 
into saline solution by brief subjection to 50° centigrade. This method of 
dcmon.strating adsorbed llh agglutinins has recently been confirmed by Carter 
and Loughrey.“ Although we have employed the elution technique routinely 
in all eases of hemolytic disea.se of the newborn since our first report, positive 
tests have been found in only three out of a total of ten cases of erythro- 
blastosis. The presence of antibody adsorbed on the Rh-positivc erythrocytes 
of the infant was never demonstrated exccjit when also present free in the 
infant's scrum and in the serum of the mother. The use of the blocking tost 
slightly increased the number of jiositivo demonstrations of fetal antibodies as 
shown in Case 2 (eluate) and in Case o (in vivo blocking). 

A new approach to this problem of detecting fetal antibodies is the use 
of antihuman globulin serum. Coombs, jMonrant, and Race”’ ” have described 
the successful use of such a .serum for the detection of weak and incomplete 
or blocking antibodies in various .sera from isoimmunized individuals and sug- 
gested it might be employed to identify fetal antibodies not otherwise demon- 
strable. In a recent paper the same authors*''’ reported on the actual use of their 
method to detect in vivo isosensitization of red cells in babies with hcmoljdic 
disease. The action of the antihuman globulin serum is to develop an observable 
agglutination where the spceirieally adsorbed antibodies are not able to do so 
b 3 ^ themselves (blocking or incomplete antibodies). Because of the analogy 
to the photographic development of the visible image, for convenience we have 
applied the descriptive term “developing test” to tlio use of the antihuman 
globulin senim to develop an obvious agglutination reaction. In our routine 
seiwice we have emploj’cd this “developing” serum botli as a test for weak 
antibodies in the serum of mothers and as a diagnostic test for hemolytic disease 
of the newborn. 

METHODS 

Testing of the serum of mother and infant was done, in all eases where 
isoimmunization was suspected, by the test tube method of Levine and Stetson.* 
"Wiener’s method was used to detect the incomplete or bloeldng antibody 
described by Race*" and Wiener*® as soon as these reports were available. The 
slide test of Diamond and Abelson*® and the conglutination test of Wieneri” 
were used in some studies but were not employed routineh\ 

Ehition Test . — The elution technique of Landsteiner and hlillcr has been 
used routinely to attempt to demonstrate adsorbed Rh agglutinins on the cells 
of the blood of all cases of hemolytic disease of the newborn and on the erythro- 
c.ytes of all babies whose mothei-s showed a positive test for Rh antibodies. 
The red corpuscles of cord blood were washed three times in cold saline, throum 
dovTO by centrifugation, and, after removing the saline the third time, 1 c.c. 
of fresh saline was added to a 0.25 c.c. aliquot of packed cells. After resuspen- 
sion these cells were subjected to 56° G. in a water bath for five minutes. At 
the end of this period the suspension was immediatelj- spun at 3,000 R.P.M. for 
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five minutes keeping the temperature at 56° C. witli liot water in the centrifuge 
cups. The supernatant saline eluate was removed and recentrifuged to insure 
removal of all infant cells. This hemoglobin tinted fluid was then used with 
known Eh-positive cells by mixing one drop of the eluate with one drop of 
2 per cent suspension of erythrocytes. After one hour incubation at C. 
the tube was centidfuged gently and examined for agglutination. 

Blocldng Test. — If no clumping was seen in the agglutination test, one 
drop of anti-Rh serum of known potency was added to each tube and after 
a second incubation of one hour obsem’cd for agglutination. Lack of agglutina- 
tion after this addition of kno'wn Rh antibodv' indicated presence of blocking 
or incomplete agglutinins. 

Developing Test.— For the purpose of detecting weak Rh agglutinins, 
incomplete antibodies, or immune globulin, an antihuman globulin serum as 
described by Coombs, Jlourant, and Race*'^ was used. If the routine test for 
agglutinins using knoum Rh-positive cells was negative, the red cells of this 
suspension were washed three times with saline to remove mechanically adherent 
serum proteins. One drop of the developing serum was then added to one 
drop of the suspension of washed Rh-positive erj-throej-tes. Follmving the 
incubation for one hour at 37° C. the tubes were centrifuged lightly and 
observed for agglutination. A positive developing test indicating speeificallj' 
adsorbed immune globulin was shown by definite clumping of the red cells. 

Developing Test for Sensitized Erythrocytes. — As a possible diagnostic test 
for erythroblastosis, the developing serum was used to demonstrate the presence 
of antibody specifically adsorbed on the red cells in vivo. The erv-throcytes of 
suspected eases of hemolj'tic disease of the newborn were washed three times 
to remove mechanically adlierent globulin and then suspended in saline. One 
drop of developing serum was added to one drop of 2 per cent suspension of 
these washed erj-throeytes and incubated for one hour at 37° centigrade. The 
tubes were then centrifuged at 500 R.P.JI. for one minute and examined for 
agglutination. As a control, one drop of developing scrum was added to a 
2 per cent suspension of washed known Rh-positive cells previously suspended in 
serum containing known incomplete Rh antibodies. A second control using 
Rh-negative ei-j-thrccj-tes treated in a similar manner was used. Initially a 
third control consisting of a drop of washed Rh-positive cells, not previously 
sensitized, plus a drop of developing serum was also employed. 

Demonstration of Hemolytic Activity of Eh Serum in Vitro. — ^To 3 c.c. of 
freshly drawn heparinized Rh-positive whole blood was added 0.3 c.c. of 
anti-Rh serum having a titer of 1 :20,000 resulting in an effective final titer of 
1 :2,000. In order to obtain the net hemolysis due to the action solely of the 
Rh serum, it was ncccssaiw to set up reagent blanks and a suitable control. The 
first blank consisted of 0.3 c.c. of the anti-Rh senim and 3 c.c. of normal saline 
to make a final volume equal to that of the test and was used for the purpose 
of determining the amount of hemoslobin already prc.sent in the anti-Rh senun 
used in the experiment. The second blank was made up of 3 c.c. of saline and 
0-3 c.c. of the normal serum used in the control in place of the anti-Rh serum 
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used in llie exporinionl. Tlie control set n]) for tlic purpose of defcrinining 
the amount of hemofrlohin released by normal liei)arinized blood without anti- 
serum consisted of 3 c.c. of the same heparinized blood used in the experiment 
plus 0.3 c.c. of the normal scrum used in the second blank. 

In order to eliminate the possible hemolytic effect of meelianieal action or 
introduction of bacterial contaminants, all the blood used in the experiment 
was drawn through a No. 19 needle into a dry 50 c.c. syringe and after removal 
of the needle gently cxjjcllcd into a sterile 125 c.c. flask containing 0.2 c.c. of 
sterile heparin solution (1,000 units per e.e.) and gently rotated. Tliree cubic 
centimeter alifiuols were immediately added to each of twelve sterile test tubes, 
the finst six of which contained 0.3 c.c. of tlic 1 :20,000 titer anti-Rh .serum and 
the second, or control, series of six tubes contained only 0.3 c.c. of normal serum. 
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Fig-. 1. — The hemolytic action of antl-Kh scrum (1:2.000 titer) on heparinlzea Bh-posi- 
tive whole blood, plotted as net hemolysis (mg. So hemoglobin) after deducting hemoglobin re- 
leased in control blood not treated with antl-Rh scrum. 


After mixture, one tube from tbc experiment and one from the control series 
were immediately centrifuged and the supernatant cell-free fluid analyzed for 
the hemoglobin content by a modification of the Bing and Baker^‘* quantatative 
test for hemoglobin. The remaining ten tubes were incubated at 37.5° G. and 
one tube from each series withdrawn at 2, 6, 20, 30, and 48 hours for analysis 
of the hemoglobin content of the supernatant cell-free plasma. The color 
reactions were read in a Lumetron two-cell photoelectric colorimeter using 
narrow band filters and a high sensitivity double reflecting galvanometer. 


rrlndineatlon consists essentially of the use of highly purined reagent grade benz - 
fMercR & Company. Inc., New Tork, N. Y.) In place of the cruder benzi- 
dine 2 h'enzidine reagent. The use of this product eliminates the necessity of purl- 

dlne base for the henzimne & , , aihydrochlorlde produces no appreciable color 

aSd ifstored in aS feebox, It maintains Its effectiveness for a period of days. 
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Net hemolysis was calculated in mg- of hemoglobin from the formula 
(Ht - bt) - (He - be) = net hemolysis. 

Where 

H, = Mg. 9& of hemoglobin in supernatant of tubes containing blood and 
antiserum (experiment). . ,, , 

He = Mg. of hemoglobin in supernatant of tubes contaming blood and 
normal serum. 

b, = Mg. % of hemoglobin in first blank (Kh serum + saline), 
be = Mg. % of hemoglobin in second blank (normal serum I- saline). 

The results are shown in Table II and represented graphically in Fig. 1. 


RESULTS 

Case 1.— 0. M. was a sererely icteric full-term Bh-positive male infant with enlarged 
liver and spleen and with erythrohlasts and normoblasts in the blood. The Eh-negative 
mother had previously given birth to two Eh-positive children. The first was normal and still 
living; the second, icteric at birth, had symptoms suggestive of kemicterus and died at the 
age of 1 year. Before deliverj" tlic mother’s serum showed Eh agglutinins with a titer of 
1:20 for Ehi red cells and 1:40 El\," ceUs. After delivery the mother’s serum showed 
1:64 and 1:256 titers for the same respective Eh-positive erythrocytes. The infant’s 
cord serum showed positive agglutination against Eh'^ cells but not against Eb". However, 
the eluate from the infant’s eiytlirocytes contained antibodies which agglutinated both 
Eh'^ and Eh". A transfusion was started one hour after birth (100 c.c.), and 50 c.c. 
transfusions were given daily thereafter for a week. The child is now living and well. 

Diagnosis: Severe hemolj'tic disease of the newborn. 

Case 2. — ^H. E. was an icteric full-term Eh-positive male infant with erythrohlasts 
and normoblasts in the blood film. The Bh-negative mother had two normal Eh-positive 
children living and well. The mother’s serum after delivery showed a 1:4 titer against 
Eh'o and Eb" erythrocytes and a blocking antibody to 1:2. The infant’s cord serum showed 
a 1:2 titer against Eh-positive cells, but no blocking antibody was demonstrated. The 
eluate of the infant’s red cells showed very weak agglutinins and blocking antibodies against 
Eh' and Eh" cells. Complete recovery followed transfusions of Eh-negative blood. The child 
is now Uving and well. 

Diagnosis: Moderately severe erythroblastosis. 


Case 3. — K. D., a white, Eh-positive, female, full-term infant apparentlv was normal 
at birth and turned icteric on tlie second day. The Rh-negative mother had had one former 
child which died shortly after labor. There were no previous abortions, miscarriages, or 
transfusions. The mother's undiluted serum showed agglutination of Bh-positive cells and 
a positive blocking test at a dilution of 1:16. The cord blood was not available for elution 
since this was an outside case. However, the infant’s red cells typed Eh negative on the 
6rst day. On the second day a weak positive reaction was obtained using the same Bh-typing 
serum. On the third day the child was clearly positive, thus demonstrating that in vivo 
blocking antibody was present on the infant’s erythrocytes at birth. Blood films showed 
progressive increase of erythrohlasts and normoblasts with a maximum of 59 erythroblasts 
and 12 normoblasts per 100 leucocytes on the third day. The child was taken off the breast" 
and transfusions nerc started on that d.ay. At the age of 1 year it was reported that the 
child did not have normal control of muscles. 

Diapno'.-is: Revere hemolytic disease of the newborn with kemicterus. 

Care 4.— E, K., a white, full-term, normal -appearing, Eh-positive male infant 
dm elopcl moderate icterus on the second d.ay.' This jaundice cleared np partially bv ^he 
time the baby nas discharged. The errthrocvfe count w.as C 100 000 tier m n- '-it-' * 
the first day and .1.600,000 on .he sixth. In tlm blood film 2 n’orm^blasts 
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wore soon on the second day Init none tliercafter. Tlio JUi-ncgativc inotlior showed agglutinat- 
ing antibodies at a titer of blocking antibodies at 1:2, and a positive developing test 

at 1:32. Tlic two previous children ages 7 and 3, were living and well. The infant showed 
agglutinating antibodies in the undiluted cord blood serum. No blocking antibodie.s were 
found. The developing te.st was not performed on the infant's blood. No transfusions were 
given. 

Diagnosis; Mild hemolytic disease of the newborn. 

Case 5. — ^H. V., a white, full-term Hh-positivc infant was stillborn. The mother had 
had four previous pregnancies; the first was stillborn prematurely; the second having 
erythroblastosis was transfused and is now living; ai\d the third and fourth pregnancies 
terminated in abortions. After the first miscarriage the mother lind received sevcr.al trans- 
fusions. The mother’s scrum showed an agglutinating titer of 1:G1 against both Bh'^ and 
Rh" erythrocytes, no blocking antibody, and a titer of 1;C-1 by the developing test per- 
formed months later on scrum preserved by freezing. Agglutination and blocking tests on 
the cord serum were negative, but a positive result was obtained on the undiluted cord serum 
with the developing test even though the cord scrum had been preserved six months by 
freezing. 

Diagnosis: Severe hemolytic disease of the newborn with fetal death. 

Case G. — IV. C., a white Rh-positir-c female infant, two weeks premature, appeared 
normal at birth but developed mild jaundice on the second day which cleared by the time 
of discharge on the eighth day. Clinically this was considered to be physiolofpc icterus. By 
a former husband the Bh-negativc mother had had one child which had died of pneumonia 
at ten months. The mother’s serum showed agglutinating antibodies at 1:2 dilution, no 
blocking antibodies, and developing antibodies at 1:G4 dilution. The infant’s serum was 
negative to agglutinating, blocking, and developing tests for antibodies. However, the infant’s 
washed erythrocytes gave a 4 plus agglutination with developing serum. After elution these 
red cells failed to clump with the same antihuman globulin serum. Nevertheless the anti- 
bodies in the eluate could not bo detected even with known Rh-positive cells and developing 
serum. The hemoglobin was 20.15 Cm. per 100 c.c. on the third day and 14.14 Gm. on the 
sixth. The child was taken home on the eighth day but became progressively paler. The 
infant’s red cells still tested 3 plus with developing scrum on the nineteenth day. As a 
result of this' serologic evidence of adsorbed hemolytic antibody still present on the erythro- 
cytes, the baby was taken otf the breast and admitted to the hospital. On the twenty-eighth 
day the erythrocyte count was 2,300,000, hemoglobin G.G Gm., and the blood film showed 
anisocytosis, stippling, and one normoblast. At this time the infant’s washed red cells still 
showed a 2 plus reaction with developing serum. Two transfusions of 100 c.c. each were 
given, and the child was discharged in good condition. At thirty-si.x days the washed red 
cells gave a negative test with the developing scrum. 

Diagnosis: Mild hemolytic disease of the newborn duo to Hh isoimmunization aggravated 
by breast feeding. Recovery with transfusion after removal from the breast. 

Case 7. — 1*1. L., a white, male, Eh-positive full-term icteric infant had 14 per cent 
normoblasts and a red coll count of 4,000,000 on day of birth. The Eh-negative mother had a 
history of two previous pregnancies, with one chRd, 4 years old living and well and with one 
miscarriage at three months gestation since birth of the first child. No transfusions had 
been given. The mother’s serum showed a negative test for agglutinating Eh antibodies but 
positive tests for blocking antibodies at 1:2 dilution and developing antibodies at 1:1G. 
Infant’s erythrocytes were not available for performance of the developing teat. The baby 
was given a transfusion of 110 c.c. of blood on the second day which elevated the red cell 
count from 2,800,000 to over 3,000,000. On the fourth and twelfth days additional trans- 
fusions of about 100 c.c. each wore given. No normoblasts were seen in the blood film after 
the third day, and the red count slowly rose to 4,200,000 on day of discharge. The infant 
had convulsions from the fourth day up to the twelfth day, the most severe seizure on the tenth 
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jeing accompanied with cyanosis. At last report, about one month later, the child looked well 
3 ut had slightly over 2,000,000 red cells. 

Diagnosis: Moderately serere hemolytic disease oi the newborn. 

C.SSE 8. — J. E. was a white, female, macerated stillborn infant, weighing 3 pounds, 
11 ounces ; the estimated period of gestation was eiglit months. The Eh-negative mother had 
received two transfusions following an appendectomy two years ago. There were no other 
pregnancies. The mother ’s serum showed agglutinating antibodies at 1 :2 dilution, blocking 
antibodies at 1:32, and developing antibodies at 1:2048. Unfortunately, no specimens were 
obtained from the macerated edematous fetus. 

Diagnosis: Hydropic, macerated fetus apparently due to Eh isoimmunization. 

C.ISE 9. — ^IV. S., a white, fuU-term, Eh-positire female infant was apparently normal at 
birth but turned icteric on the first day. The Bh-negative mother had one previous normal 
child now living and weU. There was no history of. transfusions or other pregnancies. The 
mother’s serum showed an agglutinating titer of 1:128 for Eh-positive cells, a negative 
blocking te-A. and a positive developing test at a titer of 1:128. The infant’s serum showed 
negative agglutinating and blocking te.^ts hut a positive developing test with the serum un- 
diluted. The baby’s washed erytliroeytes, however, showed a 4 plus reaction with developing 
serum. Furthermore, the eluate from the infant’s red cells showed a positive agglutinating 
test at 1:4 dilution and a positive developing test at 1:8. No blocking antibodies were found. 
On the second day after birth the erythrocyte count was 3,456,000 with 15 normoblasts and 
12 erythroblasts. Seventy-five cubic centimeters of Bh-negative blood were given on the second, 
00 c.c. on the fourth, and 75 c.c. on the sixth day after birth. The child continued to remain 
jaundiced, stools were clay colored, and there was twitcliing and poor coordination of muscles. 
There was a loss of weight from 7 pounds, 15 ounces at birth to 6 pounds, 15 ounces at the 
seventeenth day. The red ceU count at this time was 4,650,000 with 14.4 Gm. of hemoglobin. 

Diagnosis; Severe hemolytic disease of the newborn with liver damage and possible 
kernicterus. 

Case 10. — ^W. L., a white, male, Eh-positive full-term infant was normal at birth and 
was discharged in good condition on the fifth day. No jaundice or other significant ab- 
normality was noted at any time. The Eh-negative mother had received several transfusions 
during the three weeks of hospitalization following the delivery of her first child. The 
mother’s serum showed no Eli antibodies by any of the three tests following the delivery of 
this second child. However, the infant's washed erythrocytes showed definite (2 plus) 
agglutination with developing serum. The eluate of the infant’s red ceUs and the cord serum 
failed to show antibodies with any of the three tests, agglntination, blocking, or developing. 
Because of the definite developing test with the Eh-positivc baby’s erytlirocvtes it was con- 
cluded that antibodies in the mother’s serum too weak to be detected had passed the placenta 
and had become concentrated on the fetal red cells. Accordingly, the infant was taken off 
breast feedings. 

Diagnosis: Suhclinical hemolytic disease of the newborn. 

A summary of the serologic findings in the ten cases described is tabulated 
in Table I. The severity of the erythroblastosis, treatment, and outcome are 
also listed. 

Since the developing test applied to erythrocytes of the newborn sliowed 
pvomi.se of being diagnostic for eiythroblastosis. its specificity was investigated 
by performing routine developing tests on the erythroeyles of all cord hfoods. 
A total of 365 developing tests on cord cells w-a.s done. Of tlicse all tests were 
negative except eiythroblastosis Cases 6. 8. and «. preiiously dascrihed, to- 
gether with Case 10 which did not show clinical erythroblastosis hut which 
pre.seutcd a background and history compatible with a suhclinical isoimmuniza- 
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tion. In this series negative developing tests were obtained on both sera and 
cells of five stillborn mfants clinically not erythroblastosis. In addition there 
was one hydropic stillborn from which neither semm nor erythrocA'tes could be 
obtained (Case 8). Clinical ietenis was found in four infants negative to the 
developing test, each of which had the same Rh type as the mother. These were 
considered to be examples of physiologic jaundice. 

In Table II are presented the results of the study of hemolytic action of Eh 
antibodies in mtro. It should be noted that significant results such as are shoivn 
here could not be obtained when complement and Eh antiserum were added 
to a 5 per cent suspension of the same Eh-positive erythrocytes in normal saline. 

DISCUSSION 

The sequence of events in the pathogenesis of erj-throblastosis as outlined 
in this paper are now generally accepted. However, many factors concerning 
the maternal antibody response, the concentration of these antibodies in the 
fetal circulation, their adsorption on fetal er>*throcytes, and the mode of 
destraction of these corpuscles, had not been entirely clear. For example, the 
lack of correlation between the severity of the hemolytic reaction and the 
maternal antibody titer and even the lack of demonstrable agglutinins had 
been noted by several authors.*^'“ It is believed that evidence is presented in 
this paper which sheds new light on some of these obscure phases of the erythro- 
blastosis problem. 

The successful removal of Rh antibodies from cord erythrocytes by elution 
in three cases of erj-throblastosis is significant chiefly as a demonstration of the 
actual sensitization of the infant’s cells preliminarj- to their destraction and as 
an opportunity to prove the specificity of this reaction by further readsorbing 
the eluted antibodies on known Rh-positive red cells. This readsorption may be 
indicated by agglutination or may require the blocking or developing tests, 
according to the type of Rh antibody involved (see Table I). This proof that 
the eluted material consisted of specific Rh antiliodies of the same tj-pe found in 
the mother’s serum indicates their origin in the mother as well as their transport 
across the placenta from the materaal circulation into that of the fetus. The 
specific nature of the union of the antibody to the Rh antigen of the eiythrocyte 
is strongly suggestive of the destructive role this antibody must plav in 
sensitizing the red cells for their hemolysis in vivo so characteristic of erj-thro- 
blastosis. However, the actual hemoh-tic action of the Rh antibody in vitro had 
not been clearly demonstrated heretofore, althoimh Diamond and Abelson’'’ 

had noted hemolysis in doing their slide test u-ith a hea\w suspension of red 
cells. 

In Table II the actual hemolysis of Rh-positive erj-throej-tes in vitro bv 
the Rh antibody is shown by the significantly greater liberation of liemo- 
globin as compared to controls. Further studies on the hemoMie activity of 
Rh antibodies in vitro already completed will be reported elsewhere. However 
those experiments seem to afford evidence that these antibodies can act a.s 
hcmolysms as well as agglutinins iji vitro. In comparin? the relatively weak 
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hemolysis seen in vitro vitli the severe liemoly.sis common in vivo (eiytliro- 
blastosis), it sliould he noted tliat in tlie latter cases red cell destruction may be 
greatly enhanced by the action of the spleen in its role of phagocytosis o£ 
slightly damaged corpuscles. Finally, the tiler of 1:2,000 elTective in the test 
tube is sometimes exceeded in mother’s serum, ]>articularly if the developing 
test is used to demonstrate the titer of anti-Rli immune globulin. 

While the elution technique, in conjunelion with the demonstration of 
hemolj'sis in vitro, presents additional evidence for the sequence of events in 
the pathogenesis of erythroblastosis, it seems to offer little as a test to identify 
antibodies in the infant’s blood. Only in those cases that showed antibodies 
in the serum of the mother were the elution tests on fetal cells positive as de- 
scribed previously by the present authors'*’ and by Carter and Loughrey.” In 
the series of cases herein described it was further demonstrated that positive 
elution tests to demonstrate antibody adsorbed on fetal cells were found only in 
those cases in which the cord serum as well as the maternal senim contained 
demonstrable Rh antibodies. 

The whole problem of demonstration of antibodies in motlier and cliild as 
well as attempts to correlate antibody titers with severity of erythroblasto-sis 
must now be re-examined in the light of new information obtained by the use 
of antihuman globulin serum as a developing test for Rh antibodies. Because 
the test yields observable agglutination it seems to offer some advantage over the 
blocking test in the clear-cut nature of the results and in its sensitivity. It was 
further suggested that the test might be used to detect sensitized red cells in the 
infant when Rh antibody could not otherwise be shown. Since adopting this 
method as a routine developing test in suspected Rh isoimmunizations, we have 
been able to confirm its advantages in respect to its sensitivity for incomplete 
antibodies and to prove its usefulness in demonstrating Rh antibody in the serum 
of mother and infant when other tests failed. 

Of even greater interest is the fact that the developing test not only detects 
incomplete or blocking antibodies but also detects specific Rh antibodies not 
demonstrable with agglutinating or blocking tests. The developing test also 
shows agglutination when agglutinating Rh antibodies are present, but tlie 
clumping reaction is much stronger than tliat of the agglutinating antibody 
alone. In our cases it may be noted fi'om Table I that the developing titer 
equalled, or far exeeeded, the agglutination or blocking titers. In Cases 5 to 8 
there are instances of developing titers in mother or baby much higher than 
agglutinating or blocking titers and even examples of positive tests wlien the 
other two tests were negative. This evident difference between the three tests 
indicates that the basic character of Rh antibodies must be different. In the 
case of the agglutinin which saturates the hapten and produces the visible reac- 
tion of clumping, the classical antibody is seen. In the case of the blocking re- 
action an antibody is present which is capable of specific hapten saturation vdth- 
out the production of clumping. However, in the case of the immune globulin 
demonstrable by the developing serum, the antibody apparently is capable of 
specific adsorption without saturation of the available haptens and without the 
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production of agglutination. That this latter reaction is specific can be proved 
by the fact that the adsorption of this immune globulin occurs only with the 
Rh antigen and not with the 0, A, B, M, and N antigens. The unique feature 
of this developing reaction in not saturating the available haptens is further 
demonstrated bj* the fact that after Rh-positive cells are subjected to the immune 
globulin no interference is found with the agglutinability of these cells with 
known Rh-typing serum. For the sake of brevity and in line with the designa- 
tion of agglutinating and blocking Eh antibodies, we have designated this third 
tjqie as developing antibodies. It seems possible that these developing antibodies 
may represent a third order in respect to valence as compared to blocking and 
agglutinating antibodies, arising as incomplete or fractional units of the other 
two forms. 

This developing antibody is of great clinical importance, since it has been 
observed by many investigators that clinical erythroblastosis may occur in the 
Rh-positive child of an Rh-negative mother in whom no antibodies were evident. 
Likewise, it has been noted that the obser\'ed titers of maternal antibodies have 
shown little or no correlation with the severity of the disease in the infant. 
Le%’ine-^ wisely attributed this inconsistency to the limitations in the sensitivity 
of the techniques then available. The demonstration of the blocking effect by 
Race'^' and Wiener^® gave the first emdence that we were dealing with immune 
substances previously hidden to the ordinary agglutinating test. 'When the de- 
veloping test was applied to our eases (Table I), further evidence of hidden anti- 
body titers became apparent. In Case 8, for example, the agglutinating titer 
of 1 ;2 and blocking titer of 1 :32 certainly did not suggest the severe form of 
erjiihroblastosis represented by the macerated hydropic fetus. However, the 
developing titer of maternal antibodies of 1 :20-i8 correlates well with the severity- 
of the injury to the infant. In Cases 6 and 7 relatively mild clinical courses 
could be expected from the moderate developing titers. From the older Cases 
1 to 5 conclusions must be drawn with caution because it may be assumed that 
considerable loss of titer may have occurred during the time the serum was 
preserved in the frozen state, although even here the developing titer was equal 
to, or greater than, the original agglutinating titer. The correlation of titer and 
severity of erythroblastosis must not be overstressed because the individual re- 
sistance of each baby invoh-ing questions of compensatory production of red 
cells, liver function,-" and other factors is to be considered. 

The application of the developing test to the erythrocj-tes of the newborn 
shows promise of giving ns a specific test for erythroblastosis. The brief evidence 
to date suggests that this test may satisfy the requirements for sensitivity and 
specificity to fill this role. Since adoption as a routine test sensitized fetal red 
oebs Imve been found in three cases, two with clinical hemolytic disease and one 
in subclinieal form hut witli suggestive maternal lii.story' (Table I). In all four 
eases mothers were Rh negative and infante Rh positive. It shonld be noted 
tliat the developing test as applied to washed infant’s cells is not necessarily 
•specific for Rh antibodies bnt presumably would detect any specifically adsorbed 
nntjbocly. for example. anti-Hr on Rb-negative cells or anti-A on A ciytbroeytcs. 
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The developing test would also help avoid eri’ors in instances such as Case 3 
where blocking antibody adsoi’bed in vivo was snlTicient to make the infant ap- 
pear Hh negative. In such a case, of course, the developing test would be posi- 
tive. Case 6 not only illustrates tlic diagnostic value of the developing test hut 
also shows evidence of contijiuing adsorption of antibodies through the mother’s 
milk. In this instance a strictly laiioratory diagnosis of erythroblastosis was 
made on the basis of a 4 ])lus reaction of wa.shed infant’s cells to the antilniman 
globulin serum. TJie deterioration in the child's condition after discliargc from 
the hospital and the continued strong developing test on the baby’s cells can he 
attributed to the breast feeding. After .stopping breast feeding the adsorbed 
antibodies were ])rcspnt nine days later, but seventeen days thereafter no sensi- 
tized infant erythrocytes could be found. 

The specificity of the developing test is supported by the negative reactions 
obtained in stillborn infants and cases of .iaundice of the newborn in which no 
evidence of erythroblastosis could bo found. In most of these the I?h type was 
the same as the mother. If this specificity can be completely established in 
routine use, this test ajijiears to be of the utmost practical value for diagnosis, 
prognosis, and treatment. 

Analysis of the reported eases of hemolytic disease of the newborn brings 
out two therapeutic considerations. First, the use of early and adequate trans- 
fusion of Fh-negative blood, utilizing the cord route in severe cases, is urgently 
recommended. In Cases 3 and 9, with symptoms of kernictcrus, transfusion was 
delayed three and two days, respectively. However, in Case 1, with a previous 
child suffering from kernictcrus, a liigli maternal antibody titer, and strongly 
positive fetal eluatc, the infant recovered completely. In tliis ease a transfusion 
of 100 c.c. -was given in the finst hour after birth. Second, the infant should not 
be put on the breast if any Rh antibodies can be demonstrated, even if no clinical 
erythroblastosis is apparent. The developing test on infant erythrocytes prob- 
ably will be sufficiently sensitive to determine this question for Rh-positivc babies 
of Rh-negative mothers. 

In addition to the use of developing scrum in erythroblastosis, many other 
applications have been made in this laboratory. The results of the use of this 
method to bring out hidden titers in hetcrophile antibody tests and the Huddle- 
son test for brucellosis will be reported elsewhere. 

In transfusion reactions the developing serum has been useful in determi- 
nating w'hether a specific isoimmunization has occurred cither to Rh or other un- 
identified antigens such as those reported by Race and associates.^® 

SUMMAKY AND CONCLUSION 

1. Additional evidence is presented wdiich tends to establish certain steps 
in the pathogenesis of erythroblastosis. 

2. Three varieties of Rh antibodies, namely, agglutinating blocking, and 
developing, found in the new'born as W’ell as the mother are described. 

3. Evidence is presented to shoiv that the Rh antibody acts as a liemolysin 
in vitro. 
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4. iVnalj'sis of ten cases of erythroblastosis shows relatively good correlation 
between severity of the disease and antibody titer as denionstiated bj the de- 
veloping test. 

5. Results of therapy in these cases suggests the advisability of immediate 
and adecpiate transfusion of Rh-negative blood in hemolytic disease of the new- 
born. 

6. Breast feeding is contraindicated when Rh antibodies can be demon- 
strated in the maternal or fetal serum or ad.sorbed on fetal eiwdhroej-tes. 

7. Evidence is presented indicating a high degree of sensitimty and speci- 
ficity for the developing test as used herein to demonstrate isoantibodi<5s against 
human erj-throeytes. 

8. The developing test as applied to the demonstration of adsorbed anti- 
bodies on fetal erj’throcj'tes is suggested as a diagnostic test for erythroblastosis. 
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BLOOD TRANSFUSION STUDIES 

I, The Differektiatiok of Hemolytic axd Nokhe^iolytic Transfusion 

Reactions 


Edmund B. Flink, jSLD. 
IMinneapouis, jMinn. 


TN THE past the classification, of transfusion reactions has depended mainlj on 
1 the degree of fever and the severity of the clinical manifestations, but there 
has not been any general acceptance of a classification vrliich difterentiates re- 
actions associated vrith hemolysis from those vrithout hemolysis. The importance 
of examining the plasma for hemoglobinemia after every febrile transfusion re- 
action has been emphasized by various authors,^'" and the recognition of its 
occurrence and fundamental importance has been vrell knovm for years. Never- 
theless, in many reports of fatal transfusion reactions information regarding 
hemoglobinuria is lacking, and in most reports no mention is made of hemo- 
globinemia. 

The incidence of reactions of all kinds varies vrith different reports but 
usually ranges from 3 to 5 per cent. Erf and Jones® report an incidence of 3.2 
per cent in a series of 2,889 transfusions. In this series only tvro transfusions 
resulting in nonfatal reactions ivere found to be due to incompatible blood, and 
urticaria developed in 0.3 per cent of the patients. In 1942 Levine® reported the 
incidence of reactions as 4.2 per cent of 522 consecutive blood transfusions and 
2.0 per cent of 149 consecutive plasma infusions. Of these none vrere hemolytic. 
Wiener and co-vrorkers® described two eases of incompatibility in 3,000 trans- 
fusions. Carlson* reported that 6.0 per cent 'of 3,388 transfusions of banked 
blood resulted in reactions. Of these eleven cases, or 0.32 per cent, were serious. 
These included three hemolytic reactions (one death), three cases of jaundice 
irithout other evidence of hemolytic reaction, two anaphjdactic reactions, and 
three cases in wliich cardiovascular embarrassment was prominent. In a series 
of 43,284 transfusions collected from the literature, the incidence of hemolytic 
reactions was 1.8 per 1,000 transfusions and the mortality 1.4 per 1,000 trans- 
fusions.*® 


Wiener and Shaefferi state that blood older than ten days caused c.hin<; and 
fever quite regularly. Icterus could not be detected in patients receiving blood 
less than eight days old, while in patients receiving older blood it occurred re<m- 
larly, at times together with hemoglobinemia and hemoglobinuria. Most in- 
vestigatore agreed that unle.ss the blood is older than nine days the age of blood 
docs not influence the incidence of febrile reactions. DcGo-win and associates** 
have d emonstrated that the potassium content of the plasma of stored blood 
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does noi. cause any nnloward syinploins or signs. Tliey liave warned against the 
heating o£ donor's blood because of the oecurrence of liemolytic reactions at- 
tributable to overheating of blood. No febrile reactions could be attributed to 
administration of blood at room temperature. 

Hemolytic reactions arc most often due to group incompatibility or to the 
occurrence of isoagglutinins, such as anti-Rh agglutinins, and occasionally to 
overheated blood. ITesse’= stresses the use of Group 0 blood which has not been 
cross-matched as a cause of fatal reactions. Ufany of these reactions may have 
been due to the I?h factor, just as were many severe hemolytic intragroup re- 
actions Avhieh were unexplained before discover^' of the lih factor. Aubert and 
co-workei’s'* demonstrated that 40 per cent of Group 0 donors have anti-A titers 
of over 1 :512 ; they noted that transfusions of Group 0 blood of such high anti-A 
titer, or higher, rarclj- produced an elevation of the red blood cell levels of 
Group A recipients. Severe or fatal liemolytic reactions did not occur. 
The use of low titer anti-A Group 0 plasma or blood is satisfactory. There have 
been many reports of the safe use of universal donors. In France the Trans- 
fusion Sanguine d’Urgcnce of Paris’'* had reported no fatalities due to hemolytic 
reactions up to 1939 ; Group 0 donors formed almost, the sole source of blood for 
the service. Hardin’® compared two series of transfusions in the Army Medical 
Service. There was no differeuee in the reaction rates between the 7,299 trans- 
fusions of group specific blood and the 9,392 transfusions of universal donor 
blood. 

Transfusion reactions generally fall into the following groups: (1) simple 
febrile reactions due to pyrogenic substances in the solutions, (2) allergic re- 
actions, both anaphylactic and urticarial, (3) circulatorj’ reactions from too 
rapid administration particularly to seriously anemic and debilitated patients, 
and (4) febrile reactions accompanied by intravascular hemolj’sis. DeGowiu’® 
has also recognized a group wit It jaundice but without intravascular liemolysis. 
Separation of hemolytic reactions from the other varieties, and especially the 
simple febrile reactions, is often impossible on the basis of clinical symptoms 
and signs. The fever and chills may be equally severe, and the patient may 
appear just as ill with either form. Hesse” has stressed the importance of back 
pain and pain in the legs as evidence of spasm of the renal vessels immediately 
after a reaction to incompatible blood. It is true that manj' of the patients with 
transfusion reactions followed by renal insufficiencj' have varying degi’ees of 
backache and general bodj' aches, but there arc enough patients with iro charac- 
teristic symptoms to make a differentiation difficult or impossible b.y symp- 
tomatology alone. Furthermore, aching pains may occur even after a pyrogenic 
reactioir to plain crystalloid solutions administered intravenousljv When blood 
is administered during anesthesia, fever alone may occur, the subjective reaction 
being entirely absent, and yet the patient may have a severe hemolytic reaction. 
When anuria occurs after an operation accompanied by transfusions, one should 
consider a hemolytic reaction as a likel 3 " cause and look for hemoglobinemia im- 
mediatelj^ in order to establish the diagnosis. 
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METHOD OF STUDY 

In order to ascertain the significance of hemoglobinemia in reactions to 
transfusions, it ivas necessarj” to determine what would occur after ordinary- 
transfusions. Therefore, a study was made of a series of fifty-eight transfusions 
given to patients ivith diseases associated with anemia. Blood specimens were 
obtained ^ist before the transfusion was to be given and within the hour after 
its completion. The Malloy and BveljTi method^® was used to determine serum 
bilirubin concentrations in forty -two patients before the blood was given at fi^ve 
hours and again from eighteen to twenty-four hours afterward. The blood for 
plasma was collected with a clean dry sj-ringe and needle ; 4.5 c.c. of blood were 
allowed to run by gravity into a graduated centrifuge tube containing 0.5 c.c. 
of 3 per cent sodium citrate solution. The tube was inverted gently only once 
and the cork removed. The blood was centrifuged immediately and the plasma 
volume recorded. The plasma was then separated from the cells using a medi- 
cine dropper. 

The technique of hemoglobin determinations'® is brieflj' as follows: The 
reagents are chemically pure pyridine, dilute ammonium hydroxide (1 per cent), 
from 0.2 to 0.4 per cent sodium hydrosulfite solution freshly made with dilute 
ammonia, and 3 per cent hydrogen peroxide. In an Evelyn colorimeter tube 
1 c.c. (or less) of plasma is diluted to 7.5 c.c. with 1 per cent ammonium hy- 
droxide, after which 0.5 c.c. of pyridine and 2.0 c.c. of fresh sodium hydrosulfite 
solution are added. A “blank" tube is set up simultaneously with all these 
ingredients, except that there is 1.0 c.c. less of ammonia to allow for 1.0 c.c. of 
3 per cent hydrogen peroxide. Five minutes are allowed for decolorization of 
the contents of the “blank" tube. Using a 550 m;j. filter, one determines tbe 
galvanometer deflection of the Evelyn colorimeter in the usual manner. The 
concentration is then determined as follows (appropriate correction has to he 
made if less than 1.0 c.c. of plasma is used) : 

Concentration == — ^ = mg. hemoglobin per 100 c.c. 

L == (2 - logaritlun of the galvanometer reading) 

K = 1.843 


The concentration is corrected for dilution by multiplying the value obtained 
li,- + 1 ... Volume of supeinatant fluid 

■ Voltune of supernatant fluid - 0.5 c.c. ' ^ values with this 

method range from a trace to 6.0 mg. per 100 c.c. of plasma. Normal values ob- 
lained by the benzidine metliod of Bing and Baker®® range from a trace to 5.0 
mg. per 100 c.c. of plasma. 

In four of fifty-eight patients with anemia the plasma hemoglobin level 
hefore transfusion was higher than 6.0 mg. per 100 cubic centiineters. De- 
terminations on the plasma of each of these patients wore repeated within an 
hour aftenvard and before tbe time of another transfusion and were found to 
he less than 6.0 mg. per 100 c.c., so it is safe to conclude that slight artificial 
hemolysis had occurred at the time of the collection of the first blood specimen 
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jrc. iin. i>ee 100 c.c. 
ri.ASACA 

XL-.MIIEU 

cest 

0 fo 3 

■18 

83,0 

3.1 to G 

0 

10.2 

0.1 to 9 

2 

3.«1 

9.1 to 12 

o 

3.-1 

Total 

ns 

100.0 


(see Tnblc I for tlic distribution of values for plasma liomoglobin before trans- 
fusion). It is important to note that licmoglobin is not visible in pla.sma until 
the level is higlier than 20 to 25 mg. per 100 c.c.; tberefore, hemoglobin is not 
visible in properly obtained normal plasma or scrum but is easily visible when 
any serious intravascular hemolysis has occurred recently. 

In Table II is .shown the range of licmoglobin concentrations in specimens 
of irlasma obtained within the first hour after transfusion. Old blood is used to 
designate bank blood older than three days. There are a few values above 6,0 
mg. but none higher than 12.0 mg. per 100 cubic centimeters. There was an aver- 
age increase over the pretransfusion values of about 1.0 mg. per 100 cubic 
centimeters. This can be accounted for in part by the fact that a small amount 
of hemoglobin was found in the transfused plasma. It is .safe to say that no 
intravascular hemolysis occurred in any ease. 

Tr'(ti\sf'ii!tion<t With Fchrifc A'oii7iciiio?i//ic Jhaclioits . — Nineteen febrile re- 
actions to transfusions were studied, which jirovcd to be nonhemolytic (see 
Table II). Nine patients had a temperature elevation to 103® F. or higher, 
and all had chills and .some fever. Specimens wore obtained within an hour in 
each instance, and in some instances later specimens were also obtained. The 
distribution of values is practically the same ns those obtained after uncom- 
plicated transfusions. It was gratifying to know that no hemolysis had oc- 
curred, even though some of the reactions were A'cry severe fi’om the standpoint 
of clinical symptoms. 


Table II. Plasma He.moglobix Levels Aftee Eigiitv-Two Teaksfusioxs 


MO. UB. PER 

100 c.c. 

PLASMA 

[ OEOUI- WITH XO EEACT10X.S 

1 GROUP AVlTIt 

1 FF.BRIliE REACTIOXS 

1 OIJ) BIX>OP 1 

1 FRESH BLOOD 

1 TOTAL ; 

KO. 

1 PER CENT 1 

t XO. 

1 PER CENT 1 

NO. 

1 PER CENT 1 

1 NO. 

1 PER CENT 

0 to 3 

15 

02.5 

24 

01..') 

39 


7 

3G.S 

3.1 to 6 

4 

10.7 

9 


13 

20.0 

9 

47.4 

0.1 to 9 


12.5 

5 

12.S 

S 

12.7 

O 


9.1 to 12 

o 

S.3 

1 

2.7 

3 

4.7 

1 


Total 

24 

100.0 

39 

100.0 

63 

100.0 

19 



Transfusions With Hcinohjtic Reactions . — ^In Table III are summarized some 
of the pertinent data in five cases of hemolytic reactions to transfusion studied 
during the years 1942 to 1944, Patients L. H. and JI. Iv. did not develop hemo- 
globinuria. Patient L. H. was given 200 c.c. of blood before she had a severe 
chiU pain in the back, and a fever of 104° Fahrenheit. Patient M. K. was given 
500 c.c. of blood before she had a severe chill and a fever of 103.6° Fahrenheit. 
It is possible that Patient M. K. had a higher level than 124 mg. per 100 c.c., be- 
cause three hours had elapsed after the reaction. At any rate the threshold 
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Table HI. Hemol-etic Eeactioss to TRANsn;.siox 


PATIEKT 

time .^nEB 

Tr..l.XSFCSIOX 

(HR.) 

rLASMA 
HEMOGLOBIX 
(MG./lOO C.C.) 

1 

WETHEM- j 
.VLBOMIN 

1 

! 

OLlcmilA 

HEStO- 

GLOBIXUKIA 

BILIRUBIX 
(XIG./lOO C.C.) 

L.H. 

% 

36 






2 

12 

38 


0 

0 

2.5 

M. K, 

n 

o 

0 
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75 




3.3 


18 



0 

0 

2.7 

.1. X. 

24 

54 


0 

i- 



30 

43 

0 

0 

4.6 


40 

12 



0 

M. B. 

42 

38 

0 

0 

4* 

6.1 

48 

33 



0 


67 

16 



0 



90 





.47 

J. L. 

20 

254 

0 

•f 




44 

160 

+ 


•f 

Jaundice 


foi’ hemoglobin ivas not exceeded in either instance, and the true nature of the re- 
action lEould have been tmrecognized if hemoglobinemia had not been found. 
Neither patient was jaundiced beforehand, but, as indicated in Table III, trans- 
ient elevation of liilirubin values aftenvard substantiated tbe occurrence of a 
hemoljdic episode. Visible jaundice was verj' slight or questionable. 

The last three patients received transfusions during major operations, so 
that they did not manifest the usual clinical evidence of reaction. 

Patient J. N. was given 500 c.c. of Group 0 blood, 540 e.e. of Group 0 
plasma and 250 c.c. of Group A plasma during an operation for the ligation of a 
patent ductus arteriosus. It ma.v be noted that tlie first plasma specimen was 
obtained twenty -four hours aftenvard and that hemoglobinuria was present up 
to this time but absent thereafter. 

Patient hi. B, was given 2,000 c.c. of blood during a lobectomy for bronchial 
adenoma. Hemoglobinuria continued until the forty-second hour but was ab- 
sent thereafter. In patients J. N. and M. B., hemoglobinuria was responsible 
for the recognition of hemolysis but this was a long time after the transfusions 
in both instances. The sei-um bilirubin concentrations were increased in the 
first four patients after the transfusion reactions but quickly returned to normal. 
The bilirubin was indii-ect reacting in each instance so only the total bUiruhin 
'•s recorded. Reeoven- was uneventful in each of the first four instances. No 
■‘'igns of renal damage occurred. Neither Patient J. N. nor Patient hi. B. had 
mcthemalbumin=‘ in the plasma on ordinary spectroscopic examination, but 
Sclmmm ’s test for hcmocliromogen was not carried out. 

Patient J. L. was given multiple ti-ansfusions during a craniotomy. Oliguria 
and hemoglobinuria wei’e noted after operation. Severe oliguria continued un- 
til the patient’s death seventy-six hours later; only 25 to 35 c.c. of urine were 
obtained by catlieter durincr each twenty-four liour period. The blood urea 
nilroaen was 103 imr. per cent just before death. Jaundice was present, but 
the quantity of bilirubin was not determined. Metbemalbumin^' with an ab- 
sorption band at 623 to 624 m/t was recognized in tiie plasma specimens at forty- 
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four hours and sixly-cight hours aflcr the first transfusion but was not present 
at twenty-four iiours. The addition of sodium C37inidc to tlic plasma did not 
abolish the eharactcrislie band nor change its infensit.v visiblj', so that it conld 
not have been due to met hemoglobin. Uuforlunatclj', ]iermission for autopsy 
could not be obtained in this case. 

It is not ])ossible to oslimatc the initial plasma hemoglobin levels in these last 
three instances; however, since hemoglobin is cleared very rapidl.v from the 
blood stream, it maj- be assumed that the initial levels must have been miicli 
higher in each case. Obviously I’atienl J. L. suffered the most severe reaction 
as e^ddenced b.v the plasma hemoglobin levels and the fatal renal injiuy with 
urinary suppression. Gilligan and a.ssoeiatcs-* injeeted 16 Gm. of hemoglobin 
into an adult, and the plasma was cleared of hemoglobin in twelve houi-s. If all 
the cells in 500 c.c. of Irlood wci-e hemolyzed, from 60 to 75 Gin. of liemoglohin 
would he liberated giving plasma levels of 2,000 to 2,500 mg. per 100 c.c. 
(assuming a plasma volume of 3 liters). 

I)J.SCUS.SIOX 

The absence of heinoglobinemia following transfusions wliicli do not re.sult 
in airy kind of reaction has been demonstrated. The absence of hcmoglobineraia 
after certain febrile transfusion reactions is important evidence in separating 
such reactions from hemolytic reactions. Two patients with licmolytic reactions 
and early, transient henioglobincmia and without hemoglobinuria substantiate 
the contention that licmoglobincmia is a fundamental and patliognomonic feature 
of intravascular hcmolj'sis. One patient developed anuria and died as a result 
of uremia. Tins patient had the highest plasma hemoglobin levels observed in 
anj' of the five patients Avith liemolylic reactions; this observation lends siip- 
port to tlie thesis that the plasma liemoglohin level is an important factor in 
the development of renal damage. In each of the last three cases cited observa- 
tions Averc made a long time after the transfusions, so one cannot compare the 
findings Avith anj^ observations except lliosc made at tlie same time interval, since 
hemoglobin disappears from the blood stream at a rapid rate. 

Although infrequent, hemolytic transfusion reactions arc the chief liazard 
of blood transfusions. It is important to recognize the occurrence of hemo- 
globinemia AvliencA'cr intravascular liemolj’-sis has occurred and to obtain and ex- 
amine the serum or plasma immediately after any reaction to transfusion. To 
insure against artificial hemolysis, one can use isotonic sodium citrate as de- 
scribed under Method of Study. It Avould he veiy instruetiA^e to make serial 
quantitatnm plasma hemoglobin determinations Avhenever intravascular hemolysis 
has been sufficientlj' great to color the plasma. The quantity of hemoglobin ex- 
creted in the urine should be determined at appropriate intervals depending on 
the indiAudual case. 

"Whenever a febrile nonhemoljdic reaction to transfusion has occurred, every" 
effort should be made to determine its cause. The contents of the transfusion set 
should be examined for bacterial contamination. The tests for compatibilit.r 
of donor and recipient should be repeated carefullj’-. The patient should be 
obserA"ed for the development of signs of shock, and the fluid intake and output 
should be recorded carefully. 
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CONCLUSIONS 

Hemoglobhiemia does not result from transfusion of fresh compatible blood. 
Tile importance of distinguishing hemolytic from nonhemolytic transfusion re- 
actions has been emphasized. Hemolytic reactions are characterized by hemo- 
globinemia, ivliereas simple febrile reactions are not. There is a need for more 
quantitati%'e observations in patients with hemolytic transfusion reactions made 
immediately after the reaction and followed serially until bemoglobinemia dis- 
appears. All febrile reactions should be studied early and every effort made to 
determine the etiology of the reaction. 
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II. Till-: SuKVIVAI., OF Frfsii and Storfd Tkansfusi:!) I'Ikythkocvtes as 
Determined bv Urobieinogen Excretion 

E. B. Plink, jM.D., ]\Iinneapoeis, 1\Iinn., and K. B. Skubi, JI.D.,* 

Seattle, Wa.sii. 

N umerous studies have lieeu devoted to the fate of the transfused erj'tlu'o- 
cytc, the cfTeet of storage on its in vitro projicrties, and the effectiveness of 
various preservative solutions. Tlic most important criterion for assessing tlic 
value of the transfused erythrocyte is its in vivo survival time. The fate of the 
transfused erythrocyte has been studied by three methods: the differential 
agglutination method of Ashby’ and 'Wiener-; the use of radioactive iron which 
is incoiporatcd in the hemoglobin molecule" ; and the study of urobilinogen excre- 
tion following transfusion.'* 

In Ashbj*’s agglutination method a Group A or Group B recipient is trans- 
fused with Group 0 blood. Periodically thereafter small samples of blood are 
taken. The recipient’s cells are selectively agglutinated with Group 0 scrum 
leaving the donor’s cells free to be counted. Wiener’s method- is similar in 
principle but makes use of tlic iM and N subtypes of blood. 

Recently Ross and Chapin” have utilized the radioactive isotope of iron 
for the identification of transfused blood cells. When fed or injected into per- 
sons with hj'poehromic anemia of simple iron deficiency, this isotope is incor- 
porated into the hemoglobin of newly formed er.\-throc 3 -tes. Blood was drawn 
from these donors into flaslvs containing 2.5 per cent sodium citrate solution 
with a pH of 7.4 and stored for periods var 3 ing from one to fourteen days at 
10° C, in a dark refrigerator. From 40 to 50 c.c. of this labeled blood were in- 
jected intravenously into Jiealtliy adults all of whom had normal hemoglobin 
levels. At varying intervals of time after the injection of blood, samples were 
withdi-awn for blood volume determinations and for counts of i-adioactive cells 
by the use of the Geigei’-Miiller apparatus. 

The study of urobilinogen excretion before and after transfusion was used 
in the present study and will be discussed in more detail later. 

It is generally agreed by most investigatore’-”’ ’*'• ’= that the average in 
vivo survival time of fresh transfused erythrocytes is more than thirty days and 
that some survive as long as 120 days. Fresh blood is composed of cells of 
varying ages, and their potential life is inversely proportional to their age, even 
under the most favorable circumstances. Data collected by Mollison and 
Young ®' ' show that about 85 per cent of fresh transfused blood cells are still 
present at the end of two weelrs, 70 per cent at the end of four weeks, and 45 
per cent at the end of eight weeks. 
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As the storage time of citrated blood increases the red cell survival time 
decreases. The data of various investigators on the sur^-ival time of stored 
citrated blood of varying ages are not in complete agreement and do not lend 
themselves very v.'ell for comparison. However, from the data available, it 
appears that citrated blood stored three days or less is equal to fresh blood in 
respect to survival. According to !SIollison and Toung,' citrated blood five to 
nine days of age has a f aiidy good survir’a! ; that is aliout 50 per cent of the cells 
were still viable at three weeks and 27 per cent at the end of two months. On 
the other hand, Belk and Barnes^ state that blood stored se%’en days or more in 
sodium citrate solution sumdved no more than forty-eight hours. Citrated 
blood stored between four and six days occupies an intermediate position and 
probably should be considered onlj* moderateh' effective in respect to surmval 
time. 

Boss and Chapin* studied the twenty-four hour survival of ei-ythrocytes by 
means of radioactive iron and found that only 60 per cent of six-daj'-old cells 
and about 5 per cent of ten-day-old or older cells survived for twenty-four horn's, 
that is, were found in the circulating blood. 

As early as 1916 Rous and Turner" found that the addition of glucose to 
the citrated blood of experimental animals enhanced the keeping qualities and 
the in mvo survival of transfused blood. However, the large volume of citrate 
and glucose solution used by them made it impractical. Since then glucose- 
citrate solutions of smaller volume have been used with excellent results in re- 
gard to convenience and sur^dval of the transfused erj’throcytes.® "When these 
mixtures are used the cell survival time depends somewliat upon the concentra- 
tion of glucose and citrate, but the optimal range is quite wide. It has been 
found that variation of the concentration of glucose in the final mixture from 
0.6 to 2.2 per cent makes little difference to sul)sequent survival. A citric acid- 
sodium citrate-glucose mixture can be autoclaved without caramelization of the 
glucose, but a sodium citrate-glucose mixture will he caramelized by auto- 
claving. Immediate storage of donors’ blood at a temperature between 4 and 
10° C. and avoidance of actual freezing are essential. 

Dacie and lilollison" showed that blood taken from a patient with familial 
hemolj'tie anemia both before and after splenectomy disappeared rapidly when 
transfused into a normal recipient. On the other hand, normal blood transfused 
into six patients with familial hemolytic anemia sunnved normally in five, and 
in one patient cell survival was somewhat diminished. 

PJGllEXT STUDIES FOLLOWIXG FRESH .^ND OLD BLOOD TR.VXSFUSIOXS 

Strumia" and Wiener and Sclmeffer" have noted hemoglohinemia following 
transfusion of citrated blood older than ten days. Transient hilirubinemia has 
also been observed following the use of blood .stored for more than five davs 
compared to that stored for shorter periods." Wasserman and a.ssoeiafes< in a 
similar study on three patients with hyporegonerative anemia found an increa.se 
m fcecs urobilinogen excretion roughly proportional to the time of storane of 
citrated blood. Fresh blood usually caused no. or only a very .slight, increase 
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ill urobilinogen excretion. In llieii* last case< blood stored in glucose-citrate 
mixtures caused less rise in urobilinogen than when stored in citrate alone. 

In order to studj' tlie relative efficiency of the blood in the Univensity Hos- 
pital blood bank, the values of the serum bilirubin, pla.sina hemoglobin, and 
feces urobilinogen were observed before and after fresh and old blood trans- 
fusions. The donor blood was draAvn into sterile tla.sks containing 50 c.c. of 2.5 
per cent sodium citrate and stored at 4 to 10° Centigrade. Alllioiigh not as 
accurate quantitatively as the actiml counting of surviving donor cells, the 
urobilinogen excretion roughly indicates the rate of cellular destruction after 
transfusion. After tlie preliminary stiidie.s, frc.sh blood (stored less than twenty- 
four houi-s) was given over a period of one to one and one-half hours. Plasma 
hemoglobin levels and serum biliruliin were determined Avithin an hour and 
again five hours after transfusion. Quantitative feces urobilinogen studies 
were carried out for the next eight days, ^ilftcr an interval of eight da}'s or 
longer, the same studies Avere repeated folloAving transfusion of old blood (stored 
from six to eight days). The amount of blood av.os 450 e.c., except in one ca.se 
AA'hcre tAVO transfusions Averc given in succession instead of one. The urobilinogen 
AA'as determined in each instance by the method of Watson,” the bilirubin by the 
method of Malloy and Evelyn,” and the plasma hemoglobin by the method of 
Flink and Watson.^" 

The first four patients had severe liyporegcneratiA-e or aplastic anemia. 
Patient H. had diabetes mcllitus and chronic osteomyelitis, and Patient C. T. 
had chronic glomerulonephritis Avith uremia. Kone of the patients expeidenced 
untoAvard sjmptoms folloAving these transfusions. 


RESUI,TS 

The plasma hemoglobin shoAved no appreciable change folloAving any of the 
transfusions. No significant intravascular hemolysis took place folloAA’ing either 
fresh or old blood transfusions (Table I). 


Table I 


PATIENT 

INITIAL 1 

1 HEMOGLOBIN 

MAXIMUM PLASMA 
HEMOGLOBIN 
(MG./lOO C.C.) i 

INCREASE IN BILIRUBIN 
CONCENTRATION 
(MG./lOO C.C.) 

(GM./lOO C.C.) 

1 BEFORE I 

AFTER 1 

1 FRESH BLOOD [ 

OLD BLOOD 

B.D. 

5.84 

7.0 

1.4 

.39 

2.55 

L. sr. 

2.2 

1.5 

3.4 

. 52 ' 

2.8 

C. A. 

4.35 

1.0 

4.2 

.0 

1.68 

0. H. 

4.15 

1.1 

0.0 

.35* 

.51* 

H. 

8.6 

2.7 

6.8 

.20 

.84 

C.T. 

4.4 

1.3 

3.9 

.18 

.45 


•Average of two transfusions on successive days. 


In all eases studied there Avas a greater rise in the bilirubin concentration 
after the old blood than after fresh blood. The maximtun bilirubin concentra- 
tion Avas found usually at five hours after transfusion. This finding is in agree- 
ment Avith the observations of others.”- ” 
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Table H. Urobilikogek Exceetiox ix Feces (lie. per Day) 


PATIENT 

1 EBESH BLOOD TRAXSFUSIOXS ] 

1 OLD BLOOD TRANSFUSIONS 

1 BEFORE 1 

AFTER 

1 IXCREitVSE 

1 BEFORE 1 

AFTER j 

INCREASE 

B.D. 

138 

103 

- 

139 

234 

95 

L. M.» 

45 

65 1 

20 

131 

268 

137 

C. A. 

71 

73 

2 

72 

139 

67 

O.H.t 

137 

9St 

- 

63 

134 f 

72 

H. 

55 

26 

- 

42 

163 

121 

C.T. 

47 

12s 

81 

88 

145 

57 

-Average 

85 

82 


89 

181 

92 


•Transfusions on two successive days, fresh blood. 

tResuIt after two transfusions on successive days, the four-day period beginning with 
the first transfusion. 

tTransfusions on two successive days for both the fresh and old blood studies. 

Feces urobilinogen excretion (Table II) tvas considerably increased after 
old blood but not after fresh blood in Patients B. D., L, M., C. A., and H. 
Patient O.H. excreted more urobilinogen after old blood than in the control 
period but excreted less than the control value obtained before the first trans- 
fusion. In Patient C. T. the increase in urobilinogen was slightly greater after 
fresh blood than after old blood. In five out of six patients studied it was 
apparent that an increased rate of destruction of blood must have taken place 
after the use of old blood compared ivith that following fresh blood. 


COXCLUSIOXS 

It is evident that there is an increased extravascular destruction of red 
blood cells after transfusion of old blood, for there is a significant rise in the 
serum bilirubin and feces urobilinogen excretion after sueh a transfusion. Blood 
stored in sodium citrate for more than six days is less efficient than fresher blood 
in the therapy of anemias of any kind. This is supported by the pigment studies 
prenously described and also by the studies of others, based on differential 
agglutination and the use of radioactive iron. 
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BLOOD AND BONE MAJRKOW IN INFECTIOUS AIONONUCLEOSIS^ 

A Review' of the Literature axd a Report of Tw’e^ctv-Pive Cases 
Louis R, Liaiarzi, jM.D., Capt.mn Jeroaie T. Paul, jM.C., axd 

Hexrt G. Poxcher, IM.D. 

Chicago, III. 

S INCE the original descriptions of infectious mononucleosis by PfeiifeF 
(1889) and others before the turn of the century, an enormous literature 
has accumulated pertaining to the clinical aspects and laboratory characteristics 
of the disease. The introduction by Paul and Bunnell- (1932) of the serologic 
test w'hereby suspected cases of infectious mononucleosis could be diagnosed with- 
out question served to stimulate new interest in the disease. 

Although numerous articles in the literature touch on the hematologic 
findings in infectious mononucleosis, none of them have added much to 
Downey’s^ classical morphologic description of the blood. His original colored 
plate with the description of the cells seen in this disease compared with those 
seen in cases of leueemia has never been surpassed. 

Studies of the bone marrow in cases of infectious mononucleosis have been 
surprisingly few in number. It is only in the last ten years that any attempt 
has been made to correlate the blood findings with the cellular pattern in the 
bone marrow. It is of interest to note, in view of the fact that the disease may 
be mistaken for leueemia, that the first examinations of the bone marrow in this 
disease were made by Freeman'* (1936) who suggested that infectious mononu- 
cleosis may really be an abortive, benign form of acute h-mphatic leueemia. It 
is .suiprLsing that no one has challenged this investigator’s conception of the 
malignant potentiality of the atypical Ij-mphoGj-tes seen in infectious mononu- 
cleosis. Read and Helwig" analyzed 300 cases of infectious mononucleosis and 
without examining the bone maiTow arrived at the conelu.sion that the cause of 
the anemia, leucopenia, and thrombopenia in some of their eases was due to de- 
pression of the activity of the bone marrow resulting from an infectious gi-an- 
nlomatous process involving the marrow. 


review of the L1TER.A.TURE OX THE BOXE U.VRROW’ IX IXFECTIOUS 
3IOXOXUCLEO.SIS 


Freeman'* was the first to describe the bone marrow in cases of infectious 
mononueelosis. He reported two cases, one in a 19-year-old student nurse with 
a leucocyte count of 10,400 per cubic milliraeter and 76 per cent lymphocj-tes 
and a second case in a 55-year-old white woman -with a white blood count of 
per cubic millimeter and 91 per cent lymphocj-tes. The leucocj-te count 
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ill the second ease rapidly increased to 392,000 per cnhic millimeter, and the 
woman died on the seventeenth day of illness. The lieterophilc antibody te.st 
was not performed in cit her of t he two cases. The hone marrow of the sternum 
in both cases was filled with both immature and mature l.vmphocytes. His- 
tologic sections of the hone marrow showed a lymjihocytie infiltration. Freeman 
suggested that glandular fever may really be an abortive, benign form of acute 
lymphatic leucemia. 

Young and Osgood" stated that in infections mononucleosis the typical large 
lymphocytes were demonstrated to be present in the sternal marrow as well as 
in the blood. There is no mention as to the number of cases they studied. 

Nordenson' examined the sternal man-ow in thirteen eases of infectious 
mononucleosis and observed a toxic alteration of the myeloid cells with a mod- 
erate shift to the left of the granulocytic series. Erythropoicsis was nomal. 
There were no morphologic indications of a lymphoid metaplasia in the bone 
marrow of the sternum. 

Markoff® reported on the bone marrow findings in one case of infectious 
mononucleosis. lie observed a Ijunphatic and i)lasma cellular reaction of the 
marrow ■with an increase in the number of mefamyeloeytes and a decrease in all 
the other granulopoietic elements. Erythropoicsis and megakaryopoiesis ap- 
peared normal. According to this investigator, in s])ilo of the increased num- 
bers of lymphoid cells in the sternal marrow in cases of infectious mononucleosis, 
the differential diagnosis from the bone marrow in Ijnnphatic leucemia i.s rela- 
tively simple, and there is no reason for confusing the two diseases. 

Eohr® who studied twelve ea.ses of infectious mononucleosis cm])hasized that 
great care should be exercised in interpreting the cellular marrow i)attcni in this 
disease because of the variations in the marrow pattern which are directly related 
to the amount of admixture with periphcrfil blood. The bone marrow in his 
cases with the disease revealed a moderate amount of myeloid immaturity. He 
never observed a ljunplioid infiltration of the sterjial marrow in his ensos of in- 
fectious mononucleosis. 

Bfallai’me’" believes that sternal puncture aids in the diagnosis of infec- 
tious mononucleosis. The bone marrow in IMallarme's case showed a myeloid 
reaction until an increase in the number of mononuclear cells, large lympho- 
cytes, monocjdes, and plasma cells. Granulopoiesis appeai’ed normal. 

AYeil and Perles” observed a hj’poplaslic bone marrow which consisted of 
myeloerj'tliroblastic tissue and mononuclear cells similar to those seen in the 
peripheral blood and spleen. 

Schulten,’^ Klima,^® and Henning''' hai^e observed varying degrees of 
myeloid immaturity and confirmed Rohr’s® observation of the lack of anj^ evi- 
dence of a ljunphoid infiltration of the bone marrow in cases of infectious mono- 
nucleosis. 

Henning and Keilhack'® obsem’^ed a case of infectious mononucleosis with 
anemia, thrombocjdopenia, and a leucoejde count of 30,000 per cubic millimeter 
udth 80 per cent Ij'mphocjdes. The sternal aspiration was rich in cells of the 
granulocytic series with a few elements belonging to the mononuclear series. 
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Ustvedt^ studied the blood and bone marrow in one ease of infections 
mononucleosis. This 29-3-ear-old man had a leucoc3-te count that varied between 
7,000 and 10,000 per cubic millimeter and the differential count showed between 
60 and 89 per cent at3-pieal lymphoid cells. The bone marrow was hypocellular 
and consisted of granulocytes in various stages of development, a few erythxoid 
cells, and lymphoid cells. The uniform type of “blast” cells seen in the marrow 
in eases of acute leucemia were absent. Ustvedt observed groups of mononuclear 
cells of a 13-mphoid type in the bone marrow of his case of infectious mononucleo- 
sis which were quite different from those seen in the peripheral blood and con- 
cluded that the question of 13-mphoid metaplasia in the bone marrow could not 
be eliminated. He suggested sternal pimcture as an aid in ruling out leucemia. 

Piesehi'" examined the bone marrow in a case of infectious mononucleosis 
and found a cellular marrow with a decrease in the number of mature neu- 
trophiles and a few atypical granuloblasts similar to those seen in cases of acute 
infection. L5-mphocytes were not obseiwed, and plasma cells were few in num- 
ber. The monoe3-toid cells seen in the marrow were morphologically different 
from the 13-mphoid cells found in the peripheral blood. The marrow mononu- 
clear cells presented marked immaturity which suggested their origin from 
reticular cells or from large atypical hemocytoblastie elements. The bone mar- 
row in no way simulated that seen in leucemia. 

ScotP® obsetwed a normal cellular pattern in a case of infectious mononu- 
cleosis. He believes the method of sternal puncture has little value in diagnosing 
this condition, for even the findings of a normal marrow do not exclude lymphoid 
leucosis. 

Vogel, Erf, and Rosenthal'’’ examined the sternal marrow in six cases of 
infectious mononucleosis and found an increased number of lymphocytes. Many 
of the lymphocytes were of the lymphoid type. In one case Tiirk irritation 
cells were seen in the blood but were absent in the marrow, while in a second 
case Turk cells were present in both the blood and bone marrow. In a second 
article, Vogel and Bassen^® reported the marrow findings in four cases of infec- 
tious mononucleosis. They found a normal number of lymphoid elements in the 
sternal marrow. These investigators believe that the absence of an increased 
number of ly-mphocytes in the bone maiTow is of great value in ruling out the 
possibility of leucemia, especially when tlie heterophile antibody reaction is 
negative. 

IMon-ison and Samwich®' studied the marrow in eight eases of infectious 
mononucleosis and noted a left shift in the white blood series ivith increased 
red cell activity. There were many lymphocytes in the marrow, hut they were 
never in the proportion as seen in lymphatic leucemia. The ery-throid series re- 
vealed a defective maturation which the investigators ascribed to a lack of anti- 
anemia principle or to some disturbance in its utilization or absorption. 

Jlendell, Meranze, and Jlcranzc" reported the hone marrow findings in 
. eleven cases of infections mononucleosis and observed a normal leucopoiesis and 
erythropoicsis. The total marrow cell count ranged from 20.000 to 170,000 per 
cubic millimeter, and the differential count showed 1 per cent myeloblasts, 2 per 
cent promyelocytes, 17 per cent myelocy-tes, 2.5 per cent metamyelocytes, 36 per 
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eenl neuiroplnlc.s, 13.7 per cent ]ympliOfylc.s (nonnal .'leeordiiig to llio.sc in- 
vestigators i.s 33.5 per cent), 3 per cent nioiioryle.s, 2 pii- cent eosinopliiles, and 
0.3 per cent rcticuliun cells. TJie crythroid .scries consisted of 1 inogaloblast, 
5 erytlii’oblasts, and 32 normoblasts ])cr 100 wliitc cells. According to these 
authors the finding of a normal bone marrow in infectious mononucleosis, despite 
the large number of lyjnphoid cells in the peripheral blood, i.s sufficient to elim- 
i/?ale the possihUity of leuecma. 

Piney-^ from his studies of the bone man-ow in infectious monomicleosi.s 
(number of cases studied is not stated) did not find a hyperplasia of the marrow 
as a whole but rather a slightly In^poplastie marrow. Thcj'c was no resemblance 
to a leucemic marrow. The cellular marrow pattern as a whole was not greatly 
disturbed, but there were plasma cells and monocyloids, the latter of which 
were less like normal monocytes than were the similar elements that are found 
in the peripheral blood in this disea.se. The cyloi)lasm of the monoejdoid cells 
varied from a marked basophilic to that which had no affinity for dyes, and the 
nuclear characteristics varied from the most immatui’e, with nucleoli, to the 
most bizarre and extraordinary convolution. Pincy believes that there should 
not be any confusion between glandular fever and German mea.slcs, although in 
both diseases Tiirk and plasma cells arc found in the blood. In German measles 
there is a great excess of plasma cells in the lymph nodes, whereas the sternal 
marrow contains few plasma cells. On the other hand, in glandular fever (infec- 
tious mononucleosis) the reverse is the case; the sternal marrow contains large 
numbei-s of pla.sma colls, while the lymph nodes contain many monocytoid ele- 
ments but a few plasma cells. 

IMoeschlin’^ simultaneously examined the sternal bone marrow, lymph nodes, 
and .spleen in three cases of infectious mononucleosis. lie observed a moderate 
nyveloid immaturity of the marrow. The lymphoid cells in the bone marrow 
varied between 12 and 17 per cent, and there was a plasma cellular reaction 
moderate in degree, jroesehlin believes that the lymphocytes are more probably 
derived from blood aspirated during the puncture than from the marrow itself. 
In the lymph node he observed lymphoid and monocytoid elements in mitosis as 
well as normal lymphocytes. The plasma cells observed in the hmph nodes in 
ca.ses of infectious mononucleosis arc considered to be different from those seen 
in the lymph nodes in rubella. In rubella, puncture of the lymph nodes reveals 
numerous large primitive cells with i-eticular nuclei containing nucleoli. These 
plasmoblasts w'ere observed in various stages of matiu'ity or transition to the 
typical plasma cell seen in the perijiheral blood. In the lyjuph nodes the highest 
number of plasmoblasts were found on the second day of the illness, while in 
the blood they were found at their greatest peak on the fifth day. In the bone 
marrow neither the plasmoblasts nor plasma eells were found in any* significant 
numbers. In one case, perhaps by^ chance, a lymph follicle in the bone marrow 
was punctured, and an increased number of plasma cells and plasmoblasts was 
observed. Sloesehlin®^ believes that the lymph node and bone marrow plasma 
cells are totally^ distinct both in structure and origin. 

Leitner-® studied the sternal marrow in two eases of infectious mononu- 
cleosis and observed a marked myeloeydie reaction. The lymphocytes averaged 
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5.6 per cent of tlie bone marrow differential count. He attributed the maturation 
arrest of the myeloid tissue in the bone marrow to hyperfunctiou of the spleen, 
and this action' on the marrow results in a leucopenia and granulocA’topenia in 
the peripheral blood. 

Propp and Schwind-' performed sternal punctures on two cases of infec- 
tions mononucleosis and reported on the findings in one of the cases. The mai’- 
row revealed a normal degree of eellularity and a normal distribution of cell 
types. There was a marked lymiphocytosis, but no lymphoblasts were seen. The 
heterophile antibody test was negative. Propp and Schwind believe that be- 
cause of the high percentage of lymiphoeytes in the peripheral blood in this dis- 
ease a relatively high lymphocyte count will occur in the marrow, but the mar- 
row is not being replaced by lymphocytes. They support the opinion that there 
are occasional small lymph nodules in noimal bone marrow, and therefore an 
increase of lymphocytes is not necessarily of importance. 

Owing to the extremely low mortality from infectious mononucleosis, there 
has been veiy little opportunity to examine the bone man-ow from various sites 
histologically. Further, in the few cases that have come to autopsy, there has 
been a failure to study the bone marrow. Haken-® reported on the autopsy 
findings in three children with supposedly' infectious mononucleosis, but he neg- 
lected to examine the bone marrow. Koenigsberger,=® in analyzing the cases 
reported by Haken, was of the opinion that they were not cases of monocytic 
angina but rather cases of malignant diphtheria. DuBois”® reported a case of 
infectious mononucleosis in a 26-year-old man which was complicated by pneu- 
monia and empyema and at autopsy revealed a hyperplasia of the reticulo- 
endothelial sy'stem. The bone marrow showed a practically noimal eiythroblastic 
series except for a few caryorrhetic noimoblasts. The megakaiwocytes, especially^ 
the immature forms, were reduced in number. The younger- cells of the neu- 
trophilic series were decreased in number at the expense of large mononuclear 
cells which had a cytoplasm that was basophilic and vacuolated. These cells 
appeared to be a part of a markedly active reticulum. There is no definite proof 
that this is a genuine case of infectious mononucleosis. 

Ziegler^' reported ou the autopsy findings in a 22-year-old white woman 
irith infectious mononucleosis with a heterophile antibody test of 1:640. At 
one time during the coui-se of the disease, the leucocyte count was 23,800 per 
cubic millimeter -aith 93 per cent mononuclear cells in the peripheral blood. The 
lesions and changes in the liver, spleen, lungs, and kidneys were described, but 
unfortunately the bone marrow was not examined. 

JIORPIIOLOGY OP THE LYMPHOCYTES IN INFECTIOUS MON'ONUCLEOSIS (dOWNEY=) 

Three types of lymplioeytcs. depending entirely on their morphologic feat- 
ures. give the blood its charaeteristic appearance in infectious mononucleosis. 
In the type I nucleus the chromatin forms a coarse network of heavy strands 
and masses which are not sharply separated from the parachromatin. ' In some 
of tlie larger cells there may be a slight tendency toward a more diffase arrange- 
ment of the chromatin, and tlie lymphocytic nature of the nucleus alwavs re- 
mams evident. The nuclei of the larger cells are frequently placed eccentricallv 
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and arc generally lobulated, indented, or kidnej'-shaped, and smaller cells also 
haA-c irregular nuclei. The cytoplasm is quite characteristic. The degree of 
basophilia Amries, but most of the cells are very basophilic. With Wright's stain 
the spongioplasm appears as dai'lc blue or slate blue, finely granular, and of 
flak}' material AA'ith a pale j-olloAvish background of hyaloplasm. Its distribution 




Fig. 1. — Peripheral blood films from two cases of Ibfectious mononucleosis, a, Lympho- 
cytes Downey type I. These lymphocytes were the tj pe commonly seen in our cases, h. 
Lymphocyte Downey type III with a mature tj-po of nucleus, c. Type III cell nith an im- 
mature type of nucleus. 


gives the cytoplasm a A'acuolated, foamy, or mottled appearance. The peripheral 
portion may contain relatively more spongioplasm and, therefore, appear darker 
and more homogenous than other parts of the cytoplasm. If the nucleus is 
indented, the indentation is lighter than the rest of the cell because it contains 
relatively more of the yelloAvish hyaloplasm. Frequently, there are one or more 
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azurophilic granules embedded in the hyaloplasm of this region, which give 
the whole structure the appearance of a centrosphere. Most of the atypical cells 
contain azuropMle granules, being quite abundant in most of the larger cells, 
and are of the Ijunphocytic tj'pe, that is, fine and carmine red. 

In an atypical cell of ty|ie II the nucleus is somewhat si m ilar to that of a 
plasma cell. The chromatin strands are veiy* coarse, and there are several dense, 
rounded, or angular masses of chromatin among them. They have more of a 
washed appearance, and the blocking of the chromatin is not so pronounced as 
in the plasma cell. The cytoplasm has fewer vacuoles, and its spongioplasm 
has a smoother appearance which does not give the foamy, spongy, and stippled 
efi’ect noted in type I. It is generally less basophilic, and there is a more even 
mixing of the basophilic portion of spongioplasm and hyaloplasm. In some cells 
there is the tendency of the basophilic portion of the cj*toplasm to be arranged 
in the form of broad bands radiating from the nucleus. The cell body is gen- 
erally wider than in the cells of type I, and the nucleus is rarely lobulated. 

Tj-pe III cells have more leueemie features than those of types I and 11. 
The cji:oplasm is vacuolated and in some cells is quite basophilic. In the larger 
cells there is relatively more hyaloplasm, but the distribution of the spongioplasm 
remains about the same as in type I. These cells may contain a single large 
vacuole with an azurophile rod and within an indentation of the nucleus in 
addition to smaller vacuoles distributed rather evenly throughout the cystoplasm. 
The nucleus may be close to that of a stem cell. There may be a diifuse, vacu- 
olated nucleus containing nucleoli (Fig. 1). 

METHODS -IND M.A.TERLVL 

Twenty-five patients with infectious mononucleosis, of whom eighteen were 
men and seven were women, comprised the group studied. No Negroes were 
observed. Patients varied in age from 13 months to 35 years. Fourteen pa- 
tients ranged in age from 16 to 26 years, four were less than 16 years of age, 
and one was over 35 years of age. Many of the patients were medical and dental 
students referred to the University of Ulinois, and the remainder were seen in 
consultation because of some clinical or hematologic finding observed by the 
medical examiner while perfonning a physical examination (lymphadenopathy 
or splenomegaly) or by the technician while doing a differential blood count. 
The heterophile antibody reaction was positive in thirteen, negative in six, and 
the test was not performed in the remaining patients. A false-positive Wasser- 
mann reaction was not observed. 

The method of sternal aspiration and the preparation of the marrow for 
study has been reported in detail by one of us (L. E. L.) 

After films of the bone marrow were prepared the slide was air dried for 
several houre and stained with May-Grunwald-Giemsa or Wriaht stain and 
studied microscopically for cell distribution and types. Mlien the stained films 
of the bone mairow were studied the ratio of myeloid to ervthroid cells the dis 
pomion of the nucleated red cell series, the dispersion of the ravcloid cell series 
and the number of megakaryocytes were recorded. In reeordin- the emdlirn’ 
poictic elements, the terms pronormoblast, basophilic, polychromatophili; and 
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orlhoeliroinatic (acidophilic) normoblast were used in order of increasing mu- 
lurity. Siniilarlj', for the granulopoietic sei-ics, mj'eloWast, JeiieoWasl, 
promyeloej’to, myelocyte, metamyelocyte, and polymorplionuclear neutropliilc 
were used. Q'he lymphocytes which include hoili nonnal and aJyjhca] or im- 
mature forms were recorded together and expressed as tlie mimher of lymplio- 
C 3 des per 100 nucleated manuw cells. Plasma cells, monocytes, and rcticulo 
endothelial elements were noted and descril)cd as a ]>art of the hone iiianm 
pattern when present in greater numbers than nonnal, but tliey uerc not in- 
cluded in the counts used to determine the above percentage rclationbIiii)s. 



Fig. 2 — ^Bone marrow (lilstoloeio specimen) from a case of Infectious mononucleosis 
showing a neutrophilic myelocytic pattern with absence of Jyniphocvtlc infiltration Slany or 
the lymphocytes in the peripheral blood weie Downey tjpo III. Heterophlle antibody titer 
was 1 :1224. 


In a few cases of infectious mononucelosis histologic studies of the hone 
marrow were made from “hemopoietic particles” or “floaters” of the marrow 
obtained by sternal aspiration or biopsj'- material obtained by means of a small 
trephine. The marrow specimen was immediately placed in Zenker-acetic acid 
solution, and the sections after fixation were prepared in the usual way ^vith 
paraffin and stained with eosin-azure or Giemsa. Tlie sections were utilized in 
studying the topographic relationships of the marrow (Pig. 2) . 

Immediately preceding or following the marrow aspiration, an erythrocjde 
and leucocyte count, a hemoglobin determination (Neiveomer’s method) differen- 
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tial count, and. a retieiiloeyte and plat&lct estimation ■were made with standard- 
ized and certified materials and apparatus. A hematocrit reading, sedimentation 
rate, and icterus index ivere done by the IVintrohe method.^^ Mean corpuseuiar 
volume, hemoglobin, and hemoglobin concentration were then computed. 


DISCUSSION OF RESULTS AND ^VN.ALTSIS 


Peripheral Blood.~Oi the twenty-five patients with infectious mononucleo- 
sis, four had an anemia -, in three the anemia was normocj'tic in tvpe and in one, 
an infant 13 months of age, it was microevdie and hjpochromie in character. 
All four patients had a positive heterophile antibody test. Except for one with 
a hemoglobin value of 8.5 6m., all patients had a hemoglobin reading of 11.0 6m. 
or more. In five the hemoglobin value was less than 13.5 6m., and the highest 
value was 16.5 grams. The hemoglobin reading in all the patients studied ranged 
between 8.5 to 16.5 6m., with an average of 13.54 grams. The mean corpuscular 
volume and mean corpuscular hemoglobin concentration were normal in all cases, 
except in the one with the microcj-tic and hypochromic anemia. The heterophile 
antibody test was positive in this instance. 

The lowest erythrocyte count was 3,100,000 and the highest 6,560,000 per 
cubic millimeter, with an average of 4,660,000. In nine cases it was less than 
4,500,000 and in only two cases was the erythrocyte value less than 4,000,000 per 
cubic millimeter. 

The leucocy-te count varied between 4,500 and 22,000 per cubic millimeter, 
with an average count of 10,900. In ten cases the count was less than 10,000, 
and in two of these eases the white count was below 5,000. In only one case 
was the count over 20,000. The characteristic finding in the differential count 
was the large number of abnormal Ij-mphocjdes which ranged from 37 to 82 per 
cent, with an average of 64 per cent. The atypical “leucoeytoid” lymphocytes 
were of the tjpe I and II of Downey^ with various degrees of variation between 
the types. 

Extremely immature cells of the type III of Downey yvere rarely found in 
our series of cases of infectious mononucleosis. In only one case yvhieh was com- 
plicated by pulmonary tuberculosis were so-called “l.vmphoblasts"’ observed; 
that is, cells whose nuclear structure indicated immaturity or lacked differentia- 
tion. Some of the latter cells approached the Tiirk irritation form of plasma 
cells with diffuse myeloblastic nucleus (leptoehromatic). Lj-mphocytie plasma 
cells were seen in all of the other ca.ses as yvell as normal lymphocytes (mostly 
•small types) . The typical lymphoblast of acute and subacute lymphatic leucemia 
was not seen in onr oases. Degenerated and fragile cells yvere absent from the 
blood films. 


Tlie granulocytes varied from 3 to 5 per cent. Moderate to marked toxic 
ncutrophiles with a moderate shift to the left in the neutrophilic picture were 
seen m all ca.ses. The shift to tlie left consisted in increased numbers of non 
niament granulocytc.s, llic .so-called “stab" forms, which ranged over 6 per cent 
m welve cases and over 25 per cent in three eases. Neutrophilic metamvelocvtes 
ucrc observed in two ca.ses, 1 per cent in the first and 2 per cent in the second 
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case. Mj’cloej’les, ijroniyclocy(G.s, and iiiyelobla.st.s were not .seen. Basophilic 
granules or "toxic” granulc.s, as tlioj' are often designated, were seen in the 
granulocytes in all the cases. The gx'ade 3 to 4 "toxic” granulations consisted 
of small and large t.’V'pes of granules which in many instances fdlcd the entire 
cytoplasm of tlie neufropliile. Oxidase stain on sucli cells revealed relatively 
few oxidase reacting granules (normal neutrophilic granules). Degenerative 
elianges of the nucleus, such as condensation in difi'erent areas, were occasionally 
found, but fragmentation of the nucleus, swelling of the cytoplasm with A’acnole 
formation, diffuse basophilic staining in the cytopla.sm, and marked irregularity 
in size of the neutrophilcs showing "toxic” and degenerative changes were only 
rarely observed. 

The monocytes which were over S per cent in four eases n’oro morphologically 
normal. The normal appearing cosinojihiles were <letinitcl,v incrca.sed hi only 
one ca.se n-ith a value of IG per cent. This case with a ])ositi\-c heterophile anti- 
body reactive had 37 per cent atypical lymphoids and 38 slab cells in the periph- 
eral blood at the time that the bone marrow was studied. There were only 7 per 
cent neutrophilcs in the differential count. The basojihilcs were over 1.0 per 
cent in three cases; the highest count was 4.0 per cent in one case. 

The platelets were normal in number and morphology in practically all 
eases and moderately increased in two cases from blood film examination. 

The corrected sedimentation rate was increa.sed in sixteen eases with values 
as high as 41 mm. per hour. 

The reticulocyte count was normal in all eases. Tlic icterus index was higher 
than 7.5 units in three cases, and in one of the cases with a value of 15 units 
there was a clinical jaundice. 

J3o7ie Marrow . — The bone maiTow was hyperplastic in twenty cases with 
volumetric values as higli as 35 per cent and with an average reading for all eases 
of 14.4 per cent. This is more than ludce the nonnal value. The bone marrow 
cell counts ranged from 210,000 to 670,000 per cubic millimeter in eighteen cases, 
witli an average count of 430,000 per cubic millimeter wliich is approximatel.v 
one and one-half times the normal value (300,000). 

The fat volume (volumetric reading) averaged 1 per cent, with the highest 
reading of 5 per cent in a 12-yeai’-old ho 3 ^ 

The raj’-eloid elements besides being increased in number i-evealed a mod- 
erate to marked degree of granulopoietic immaturity. Immaturity was never 
carried to the stage of myeloblastic involvement. The greatest increase oc- 
curred in file neutrophilic myelocytes which in some cases comprised over 50 
per cent of the granulopoietic series. This is a marked increase when compared 
with the normal value of lO.S per cent. In eighteen eases the neutrophilic myelo- 
cytes ranged over 15 per cent, and in only three cases were they less than 10 per 
cent. Moderate to marked degrees of "toxic” granules were observed in many 
of the neutrophilic myelocytes, even in phases of mitotic division (Fig. 3). The 
"toxic” or coarse basophilic granules wliich may fill the cells are different from 
the heavy wine-colored or reddish lavender granulation observed in normal ma- 
turing neutrophilic myelocytes. The delicate neutral- or lilac-colored granules 
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ivMeli are observed in ibe Hof of the micleus in many normal matnring neutro- 
philic myelocytes vrere absent, and the normal blue color seen in some of the 
early neutrophilic myelocytes ivas occasionally replaced by a ditfuse basophilic 
staining cytoplasm, hlarked degenerative changes of the nucleus or cytoplasm 
with the formation of the vacuoles were rarely observed. In cases of infectious 
mononucleosis ■with a predominating neutrophilic metamyelocytic type of bone 
marrow, the metamyelocytes were practically free of any toxic granules or de- 
generative changes, while the myelocytes showed the morphologic effect of a 
toxic process. These findings indicate that the “degenerative” shift to the left 



..1 „ marro-w (concentration technique) from a case of infccUou.'s mononucleosis 

'•iioft ine a Severe toxic condition of tho Eranulopotetic elements. Note the toxic neutrophilic 
myelocyte in phase of mitosis and the absence of lymphocytes in the hone marro-w, 

ob.scrved in the peripheral blood with an increased number of immature form.s 
(“slab-kcinige” or staff forms''*), in which the nuclei are narrow, deeply stain- 
ing with little or no structural detail, but more often with few or many small 
or large basophilic granules (toxic) in a diffuse basophilic staining cytoplasm, 
is the effect of toxemia on the development of the cell at the early 'neutrophilic 
myelocytic stage-, that is, during the stage of specific granule formation and the 
beginning of nuclear configuration. In infectious mononucleosis the toxemia 
afiocts the cj-toplasmic granules to a much greater extent than the nucleus, 
smee many of the colls of the myclocA-tie .series Avith toxic granules are obserA-ed 
in nutosk. There is no definite indication of a depressed bone marrow function 
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to any marked degree. Ttie toxemia of infectious inononueleosi.s affects the 
granulopoietic tissue in the hone inarrou- at tlie early neutrophilic myelocyte 
stage of development to prevent the differentiation to neutropliiles, so that they 
develop to a certain point and emerge into the peripheral blood as stab forms 
with A'arying degrees of toxic granules in the cytoplasm. Apparently those 
my'clocytes that escape the toxic proee.ss complete their development through 
the several stages of neutrophilic metamyelocyte formation and become normal 
polymorphonuclear neutrophilcs (Fig. 4), Therefore, the neutrophilic meta- 
myelocytes in the bone marrow in eases of infectious mononucleosis probably do 
not take any active part in the formation of the toxic neutrophilcs (stab forms) 
seen in the peripheral blood in this disesise. 



Piff. 4. — Bone marrow (concentration technique) from a case of infectious mononucleosis 
showing neutrophilic myelocytes and neutrophilic metams elocytes ; the latter leveal normal 
development with an absence of toxic granules In the cj-toplasm. Note the absence of Ij-mpho- 
cytes in the bone marrow. Heterophile antibody titer was 1 :1792. 

Except for an increased number of eosinophilic myelocytes and meta- 
myelocytes in the bone marrow in one case which was reflected by an eosinophilia 
(mature cells) in the periphei’al blood of 16 per cent, all the other maiTOWS 
showed a normal niunber of eosinophiles. The basophiJes were reduced in num- 
ber. The mature neutrophiles averaged 7.9 per cent of the marrow granulo- 
cytes. This is approximately one-third the number seen in normal bone marrows 
and is due in a large part to the increase in the number of neutrophilic myelo- 
cytes. 
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The erythroid tissue was normal, except in the patient with the microej'tic 
hypochromic anemia in whom the bone marrow I’cvealed a normoblastic hyper- 
plasia. In several of the marrows, groups or clusters of normoblastic elements 
were observed which is indicative of erythroid stimulation. 

The megakaryocj’tes were increased in number in fifteen cases and normal 
in number in ten cases of infectious mononucleosis. The megakaryocytic in- 
crease was pronounced in those marrows with a myeloid hj’perplasia. The 
maturation dispersion of the megakaryocytes was normal. 

In a case of infectious mononucleosis in a girl 26 years of age with diabetes 
mellitus and not included in this group of twenty-five cases, the histiocydes or 
reticulum cells w*ei'e increased in number and normoblastic clusters with fre- 
quent mitotic cells Avere seen scattered among the hyperplastic myeloid tissue. 
The reticulum cells appeared morphologically normal, and there Avere no 
indications that these elements were dcA'eloping into specific hemopoietic elements 
such as myeloid, erythroid, megakaryocytes, plasma cells, and normal or ab- 
nomal lymphoid cells. 

Plasma cells were only rarely seen in the marrow in our cases of infectious 
mononucleosis. In a 25-year-old woman Avdth pulmonary tuberculosis who had 
immature lymphoid cells AA-ith basophilic cytoplasm in the peripheral blood, 
the bone marrow contained an increased number of normal and atypical types 
of plasmacjdoid cells, some of which approached the Turk type with a lepto- 
ehromatic structure of the nucleus. Cells of this type Avere also seen in the 
peripheral blood. 

The number of lymphoid cells ranged betAA'een 4 to 24 per 100 bone marroAv 
cells with an average of 10 per cent for the tAventy'-five cases. The greater num- 
ber of lymphoid cells Avas seen in those marrows in which there aa'bs a lack of 
myeloid hyperplasia and in which admixture Avith peripheral blood Avas more 
pronounced than normal as indicated by the increased number of mature 
neutrophiles. This latter finding Avith an increased number of lymphoid cells is 
ahvays a definite indication of peripheral blood dilution and means that the 
bone maiTOAV sample is only partially' representative of the bone marrow pattern. 
The single or groups of lymphocytes seen in the bone marroAA* were similar to 
thasc seen in the peripheral blood. There Avere no moiphologic indications from 
eifher the nucleus or cytoplasm that any of the marrow elements including 
those of the Ivistiocytic system (reticulum cells) were giving rise to the normal 
or atypical lymphoid elements. In the marrows Avith a marked myeloid hyper- 
plasia, the lymphocytes Avere decreased in number when compared' with normal 
marrows in Avhich the average number of lymphocytes is 17.8 per 100 bone 
marroAV cells Avith a range of 12 to 26 per cent. 

The mycloid-crytlu-oid ratio averaged 3.0:1.0 AAith a reversal of the ratio 
m the marrow with the normoblastic hyperplasia (1.1. -1.0) and a microevtic 
and hypochromic anemia in the peripheral blood; there was an increased mveioid 
ratio (6.69:1) m those marroAvs AAith a granulopoietic hyperplasia. The normal 
mycloid-erA-tlu-oid ratio in our control cases aa-qs 2.75 ;1.0. 



Table I. Findings in Blood in Infectious JIononucleosis, Normals, Chkonic LYAii’iiocyTOSjs, Wiioopino Cough, and Measles 
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Tai!LE III. Su.mmaky op Co.vditioxs Studied 
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•Number of cases studied. 


Besides the “noinial” controls, tlic blood and bone marrow' tvas studied 
cases of whooping cough, German measles, chronic nonleucemie lymphocyte 
chronic Ij-mphatie leucemia, acute and subacute Ijunpliatic Icucemia, and ac 
“atypical” types of Icuccmia. These findings are recorded in Tables I to IH. 

CnnONIC' NONINFECTIOUS DYMPIIOCVTOSIS 

Thre6 cases of chronic lymphocytosis wei'c studied in tivo men, one 46 i 
the other 48 years of age, and a tvoinan 42 j’ears of age. The average blood i 
bone marrow studies in the men are recorded in the tables. The woman I 
sented similar clinical and hematologic findings. In these cases it was no 
during a routine blood examination that a lymphocytosis consisting of nor 
small lymphocytes comprised a large part of tlie differential count. There ' 
no lymphadenopathy nor splenomegaly. The bone marrow of the woman pati 
studied showed a slight li3'poplasi.a, quantitatively^, with a niyeloid-eiythi 
volume of 3 per cent. The mj'eloid, eiythroid, and megakaiyocj'tic eleme 
showed all the phases of normal development, and 50 lymphocytes were eoun 
among 100 nucleated bone marrow cells. The two cases recorded in the tal 
have been observed for over seven years and have not showed any clinical 
hematologic changes. It is difficult to classify’' these cases. They may repres 
early cases of chronic Ijnnphatic Icucopenic leucemia or eases of chronic ben 
lymphocytosis. Onlj’- continued clinical and hematologic observations will fin? 
reveal the diagnosis. 

WHOOPING COUGH 

A case of whooping cough in a boy 6 years of age was studied hemf 
lo<fically. The findings in the blood and bone marrow are recorded in the tal 
and it will be noted the anemia is of a simple microcytic type. In spite of 
marked lymphocytosis in the peripheral blood, the bone marrow reveals appre 
mately the same number of Ijunphoeytes found in the normal bone marn 
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The ei'j'tlu’oid and mcgakaryoeytic tissues weve nonnal and myelopoiesis I'as of 
a toxic type. 

GERAIAN MEASLES ( RUBELLA) 

In a case of German measles in a medical student 26 years of age, tlic 
peripheral blood studies M'ith the exception of the blood film M'ere normal. The 
marked toxic shift to the left in the Schilling index ivith the presence of 6 
plasma cells among 100 leucocytes was the most significant abnormality in the 
peripheral blood. "With the exception of a slight increase in the number of 
megakarj'Ocj*tes and a moderate toxic t^Tie of granulopoiesis, the bone marrow 
was normal. The number of Ijinphoeytes in the bone marrow was decrea.sed. 
No plasma cells were obser\’ed in the marrow in s^pite of tliese frequent findings 
in the peripheral blood. The significance of plasma cells in various infective 
conditions has been previously noted 

LEUGEMIA 

Forty-six eases of leueemia were studied as controls (see Table III). In 
chronic Ijunphatic leueemia, irrespective of the quantitative or qualitative 
Ij-mphocyte count in the peripheral blood, the bone marrow revealed a moderate 
to marked lymphocjdic replacement of the bone marrow, depending upon the 
stage and duration of the disease. In the subacute and acute cases of lymphatic 
leueemia as well as stem cell, myeloid, monoc\i;ic, and at^-pical types, the bone 
marrow was always filled with proliferative types of blast cells which replaced 
the normal bone marrow elements (Fig. 5). This resulted in the neutropenia, 
anemia, and thromboponia in the peripheral blood. The findings in the marrow 
were observed ivhether the leueocj'te count in the peripheral blood was normal, 
sublencemic (leucopenie), or increa.sed. 

DISCUSSION 

The diagnosis of infectious mononucleosis is based on three essential factors: 
(1) the clinical picture, (2) the serologic reaction, and (3) the hematologic 
studies, especially cj^ologic study of the blood. The presence of a relative 
large number of atypical “leucocytoid” l>Tnphoeytcs is the most constant and, 
therefore, the most useful diagnostic sign of the disease. 

Anemia does not occur in uncomplicated cases. The finding of a normo- 
cytic anemia in several of our cases and the presence of an iron deficiency anemia 
in one of our cases in all probability existed prior to the infectious mono- 
nucleosis. The toxic process associated with the disease is of too short duration 
to produce a toxic anemia. The study of the ci-ythroid elements in the marrow 
of our cases with anemia was that seen in long-standing anemia .state.s. In .some 
of the cases without an anemia in the peripheral Wood, a few clu.sters of normo- 
blastic tissue were seen which was indicative of an ciythropoietic response to an 
acute toxic condition. These normoblastic clusters in the hone marrow were 
of infrequent occurmice, in contrast to the frequent and widespread areas of 
erythropoietic activity seen in chronic anemia. The platelet count was normal 
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iu most of the cases and moderalelj' increased in several of tlic otlicr cases of 
infectious mononucleosis. A low platelet count was not seen in our cases, and 
the bone marrow megakaryocytes were normal or increased in number with 
normal morphologic characteristics. 

The abnormal cells whicli characterize the disease liave been p^e^^ousl.v 
described. It is generally agi-ecd that the cell is a benign type of Ijinphocyte 
which has its origin from the reticulum of the lymphatic tissue anjnvhere in the 
body. Apparently, the reticulum of the bone marrow does not take any active 
part in the formation of the atypical ]jnni)hocytes seen in this disease. It maybe 



Fig. 5 — Bone marrow (concentration tcclinique) Ironi a case of acute leucopcmc ">5®" 
losls showing the marrow filled Mlth myeloblasts -nhlch have replaced the granulopoietic, 
erythropoietic, and megakarj ocytic tissue. 


that the products of the proliferative grannlocytic cells in the bone marrow act 
as a protective mechanism during the toxic and neutropenic phase of the disease. 
Although little is known concerning the function and the potentialities of ab- 
normal lymphocytes seen in the blood in cases of glandular fever, tiiey lack 
the metastatic or replacement characteristics of the patliologic lymphocytes seen 
in -the malignant lymphomas and lencomia. In infections mononucleosis -which 
is associated ivith a large number of atypical lymphocj-tes in the peripheral 
blood, the bone mai-row shows a lack of IjTOiDhocj’tie infiltration and replace- 
ment of the marrow by lymphocytes seen in cases of lymiphatie leueemia. 
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A number of cases of infectious lymphocytosis^® have been, reported in 
which there was a marked total leucoeytosis with a high relative Ijanphoeytosis 
and ivithout clinical signs or symptoms. Leueoej'te counts as high as 120,000 
and differential counts with 97 per cent lymphocytes occurring in children have 
been reported. In several cases the bone marrow revealed many lymphocytes. 
There is no assurance that the presence of the Ij-mphoeytes in the bone marrow 
was not due to admixture ndth peripheral blood. The peripheral blood in 
these cases may resemble that seen in chronic lymphatic leucemia, but the bone 
marrow lacks the replacement or infiltration characteristic of Ijunphatic leucemia. 



6.-p-Bone marrow (concentration technique) from a case of acute infectious Ivmpho- 
rvi moderate myeloid immaturity, normoblastic activity, and a few mature IjTnpho- 

iiVti leucocyte count in the peripheral blood was 60,000 v.'ith a differential count con- 

of SO per cent small normal lymphocytes. HclcrophUe antibody reaction was negative. 

In several of these cases studied by Limarzi and Poncher,^' the bone marrow was 
kypcYplastic and resembled the marrow of infectious mononucleosis (Fig. 6). 
Tims, bone marrow studies will immediately separate a malignant Imnphoej-tic 
condition from a ijcnign or nonlcucemic reaction. It is of interest that the 
lymphocytes observed in the acute and chronic benign lymphocytosis do not 
possess the potentialities of transforming into macrophages as observed hr 
Kolouch” in his experimental work on the IjTnphoeytes in acute inflammation. 
Apparently, normal Ijnnphoeytcs and atj-pical Ij-mphocytes seen in lympljocA-tie 
•eactions possess none of the malicnant or transformation potentialities of 
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cither Icuceinic cells or lymphocytes seen in acute inflammation; yet, Icucemic 
and noiileucemic l3'mphoc3’tcs 11103' appear mor])holo"icall3' similar. The jmtlio- 
logic, ph3’sio]ogic, and potential differences bctivccn henign and malignant t3-pe.s 
of 13'niphocytic elements are of interest in view of the recent work of Stedman-’ 
on the chemist ly of the cell nuclei and the studies of Ehrich and Harris^'' on the 
role of the l3'mphoc3'tcs in relationship to anfibod3' formation. JIalignaney or 
malignant cells produced l^y vcr.v diver.se eairsos differ from the normal chiefly, 
if not entirely, 1)3' the acquisition of the capacit3’- for uncontrolled growth. Ac- 
cording to Stedman 0113' agent which interferes Avitli the chemical nature of the 
nucleus, that is, which cau.scs the histone content of the nucleus of a cell to fall 
below a certain unknown level, will render that coll malignant unless some 
mechanism is present to restoi-e histone to the nucleus. Whether this line of 
investigation can he carried to explain the pathologic ])h3'siologic differences be- 
tween normal l3'mphoe3'tes, the al3'pieal hvmphoeyles of infectious mononucleosis, 
and the malignant l3'mphoc3'tes of Icucemia is an interesting speculation. It 
has been suggested 1)3' the work of Ehrich and Harris^'’ that the macrophages, 
the granular leucocytes, and the noimal ly'mphoeyfes .should be regarded as a 
team of substantially equal importance wliase coordinate activities are c.sscntial 
for effective defense against infection. Tlie granulopoiia and the pre.scncc of 
atypical lymphocytes which may lack the i)ower of formation of antibodie.s which 
are present in normal l3'mphoc3'tes“ and protect the body fi-om infection may 
be the cause of the toxic reaction seen in infectious mononucleosis. The to.\'ic 
agent would then act on the bone marrow to produce a so-called maturation 
an-est and resultant m3'eloid h3'perplasia ; or the .suppi’e.s.sion of their delivery 
(release mechanism) to the pcrii)heral blood results in a myeloid hyperplasia. 

CONCLUSIONS 

1 . In spite of the large number of atypieal lymphocytes in the peripheral 
blood in infectious mononucleosis the bone marrow is not involved. 

2 . The bone marrow in infectious mononucleosis reveals a m3'eloid lypcr- 
plasia and immaturit3^. 

3 . Either the “toxic agent” acts on the bone marrow to produce a m3'eloid 
h3^perplasia and suppresses their delivery to the peripheral blood or the sup- 
pression of the m3^eloid tissue results in a mymloid h3'perplasia. 

4 . The atypical lymphocytes in infectious mononucleosis show none of the 
metastatic or replacement characteristics of leucemia cells. In contrast, cases of 
leucemia with man3^ abnormal cells in the pei-ipheral blood, the bone marrow 
reveals var3dng degrees of replacement of the normal marrow b3'' leucemic cells. 
The replacement characteristic of leucemic cells in l3unphatic leucemia is seen 
in the bone marroAV when the blood count is leucopenic, normal, or increased in 

type. 

5 . Sternal puncture is of diagnostic aid in differentiating benign and 
malignant tyiies of lymphoe3dosis. 



BLOOD -VJCD BOKE M-VRROW Us ISFECTIOUS 5IOKOXUCLEOSIS 


1099 


REFERENCES 


1. Pfeiffer, E.; Das Drusenfieber. Jalirb. f. Kinderh. 29: 257, 1889. 

2. Pad, J. E. and BunneU, W. ^Y.; Presence of Hetexopbile Antibodies in Infectious 

jMononucleosis^ Am, 'M. Se. 183: 00, 1932. 

3. (a) Dovruey, H., and iIcKinlay, C. A.: Acute Lj-mpbadenosis Compared Witt Acute 

Lvmphatic Leukemia, Arch. Int. Med. 32: 82, 1923. 

(b) Heck, F. J.: Infectious Mononucleosis. In Downey, Hal (editor): Handbook of 
Hematology, vol. 4, New York, 1938, Paul B. Hoeber, Inc., p. 2583. 

4. Freeman, W.: Bone lilarrow Studies in Glandular Fever (Infectious Mononucleosis), 

Am. J. Clin. Path. 6; 185, 1936. 

5. Bead, J. T., and Helwig, F. C.: Infections Mononucleosis; an Analysis of Three Hun- 

dred Cases YTith Three CharacteTizcd by Bare Hematologic Features, Arch. Int. 
Med. 75: 376, 1945. 

6. Young, B. H., and Osgood. E. E.; Sternal Ylarrow Aspirated During Life; Cytology in 

Health and in Disease, Arch. Int. Med. 55: 186, 1935 (footnote). 

7. Nordenson, N. C.: Studies on Bone Marrow Prom Sternal Puncture. From the FY 

Medical Service, St. Eriks Hospital, Stockholm, Sweden, 1935. 

8. Markoff, N.: Die Beurteilung des Knoehenmarks durch Stemalpunktion, Deutsches 

Arch. f. klin. Med. 179: 113, 1936. 

9. (a) Rohr, K.: Knochenmarksmorphologic des menschlichen Stemalpunktates, Berlin, 

1937, Urban and Sehwarzenbeig. 

(b) Bohr, K.; Das menschliche Knochenmark, Leipzig, 1940, Georg Thieme. 

10. MaUarme, J.: Le myelogramme normal et pathologique par ponction sternale, Paris, 

1938, Gaston Doin & Cie. 

11. "Vreil, P. E., and Perles, S.; La ponction sternale, Paris, 1938, Masson & Cie. 

12. Schultcn, H.: Die Stemalpunktion als diagnostische Methode, Leipzig, 1937, Georg 

Thieme. 


13. Klima, B.: Stemalpunktion und Knochenmarksbild bei Blutkrankheiten, Berlin, 1938, 

Urban and Schwarzenberg. 

14. Henning, N.: Sitzungsbericht det I. internationalen haematologischen Tagung, 1938. 

Quoted by Scott, R. B.; Sternal Puncture in the Diagnosis of Diseases of the 
BIood-Foming Organs, Quart. J. Med. 8; 127, 1939, 

15. Henning, N., and Keilhack. H.: Die Ergebnisse der Stemalpunktion, Ergebn. d. inn. 

Med. u. Kinderh, 56: 372, 1936. 

16. Ustvedt, H. J.: Infektis klononukleose, Norsk mag. f. laegevidensk. 98; 139, 1937. 

17. Fieschi, A.: Semeiologia del midqllo osseo: Studio di morfologia clinica. In Ferrata, 

A.; Biblioteea “ Haematologica.” vol. 6, 1938, Pavia: Tipografia gia Cooperativa. 

18. Scott, B. B,: Sternal Puncture in the Diagnosis of Diseases of the Blood Forming 

Organs, Quart. J. Med. 8; 127, 1939. 

19. Vogel, P., Erf, L, A., and Rosenthal, N.: Hematological Observations on Bone Marrow 

Obtained by Sternal Puncture, Am. J. Clin. Path. 7: 436, 498, 1937. 

-0. Vogel, P., and Bassen, F. A,; Sternal Marrow of Children in Normal and Pathologic 
States, Am. J. Dis. Child. 57 : 245. 1939. 

21. Morrison, M., and Samwich, A. A.; Clinico-Hematologic Evaluation of Bone Marrow 

Biopsies, Am. J. M. Sc. 198; 758, 1939. 

22. Meudoll, T. H., Meranze, D. R., and Meranze, T.: The Clinical Value of Sternal Bone 

^ Marrow Puncture, Ann. Int. Med. 16: 1180, 1942. 

33. (a) Piney, A.: Sternal Puncture: A Method of Clinical and Cvtological Investiga- 
tion, London, 1941. William Heinemann, Ltd. ' “ 

(h) Piney, A., and Hamilton-Paterson, J. L.; Ibid., ed. 2, New York, 1944, Grune and 
Stratton. 

24. Moc-=chiin, S.: Die Genese der Drusenfteberzellen (Mononucleosis Infectiosa) an Hand 

von Drusen-, Sternal- und Milzpunktaten, Deutsches Arch. f. klin. Med. 187: 
240, 1941, 

25. Moeschlin S.; Untersuohungon uber Genese und Funktion der Blutpla.mmzenen anhand 

^”’7 Steroalpunktaten bei Eubeolcn, Helvet. med. acta 7: 

20. (a) Lcitner, S. .T ; Das Lj^phoidzellige Drii^cnf.eber (Mononudeoris infectiomt mit 

bc^ondercr^ Bcruck-rchUgung des Stcmalmarkbcfundcs, Schweiz, med. WALchr. 

Sc&'o.^’ i"travitale Knoehenmarksuntersuchung, Basel, 1945, Benno 

Diagnostic Procedure, 

28. Hake^n votu^_Mono7ylenanginen mit letalem Ausgang. Deutsche med. Wchnschr. S3: 


3100 


lil.AIAnzi, PAUL, AXI) POXClIKU 


20, Ivoonigshergor, 1C.: Monozytonaiigina oder iiiiilignc Iliphthorio, Doiilsclic mcl. 
■Wclinschr. 63: SS.3, 1927. 

30. DuBois. A. II.: Do In pafliogl-iiio <lc I'angiiio ii monocvtos, Acta ined. Scnndinav. 73: 

237, 1930. 

31. Ziegler, E. E.: Infectious Jfnnonucloosis: llejmrt of n I’ntiil Case 'With Autopsy, Arch. 

Path. 37: 190, 391-1. 

32. Lininrzi, L. R.: Tlio Diagnostic Value of .Sternal Marrou- .V.spiration.s, 111. SI. J. 75; 

3S, 1939. 

33. Wintrobo, Al. AI.: Anemia: Cln.s.'.-i/icalion and Trcntmtuil on of DifTercnccs in 

Average Volume and Hemoglobin Content of Red Corpuscles, Arch. Int. Alcd. 51; 
25G, 1934. 

34. (a) Schilling, V.: Ein Prakti.'-'ch und zur Demonstration brauchbaron Differential 

Loukozytometer niit Araethsclicn Verschiebund de.s Blutbildc.s, Dcuf.schc mcd. 
Wchnschr. 37: 1159, 1911. . 

(b) Haden, R. L.: Qualitative Changes in Xeutrophilic Eeukocvtcs, Am. ,T. Clin. Path. 
5: 354, 1935. 

35. Hickling, R. A.: The .Significance of Ilaemie Plasma Cells in Various Infective Con- 

ditions, .1. Hyg. 24: 120, 1925. 

30. (a) .Smith, C. II.: Infectious Lymphocyto.si.s, Am. .1. Din. Child. G2: 231, 1941. 

(b) Duncan, P. A.; Acute Infectious Evmphocvtosi.s, Am. .1. Dis. Child. 66 : 267, 

1943. ‘ ‘ . 

(c) Pinucane, D. A., and Philips, R. S.: Infectious Dvmphocvto.si.s, Am. J. Dis. Child. 

68: 301,. 1944. ' ■ ' 

(d) Birgc, R. P., and Dill, L. P.: Acute Infectious Alononucleosi.s, Am. .1. Clin. Path. 
15: 50S. 1945. 

37. Linmrzi, L. R., and Ponelicr, II. C.: Uiipnblisiicd data. 

3S. Koloucii, P., Jr.: TIio Lympiiocyto in Acute InGammation, Am. J. Pntli. 15: 413, 1939. 
3.0. Stedman, E.; The Chemi.stry of Cell Kiiclei, Edinburgh AI. .1. 51; .35.3, 1.044. 

40. Ehrich, W. E., and Harris, T. X.: The Rite of Antibodv Pormafion, Science 101: 29; 

194.5. 

41. Editorial: TJic Cellular Sources of AntiI;odie.s, .T. A. At. A. 128: 12.32, 194.5. 



PEESERVATIVES FOB SYPHILITIC SEBUM YTITH SPECIAL 
REFERENCE TO THE USE OF ]MERTHIOLATE 

Charlt-s C. Croft, M.S.,*' axd Luclv L. Sjiith 
Fort ]McPhersok. Ga. 


M any serologists prefer to receive Avhole blood specimens for tbe performance 
of serodiagnostic tests for sj'philis. Others request serum, 'when speci- 
mens must be shipped from a distant point, in order to eliminate hemolysis and 
decomposition of the blood, especially during siunmer temperatures. Contamina- 
tion of such separated serum frequently occurs, as it is not always practicable 
to separate serum under sterile conditions, and unsatisfactorj’. anticomple- 
mentaiy, or less accurate serologic tests often result. Preservative substanee.s 
may be added to the sera to inhibit bacterial growth, but these must not alter 
.sj'philitic reagin nor affect specificity. Preservatives have been employed in 
serum samples sent out for special serologic sum'eys’ or for serodiagnostic evalu- 
ation studies, without neneral knowledge of .specific data eonceming the effects 
of preservation and of the aging of sera. 

^Merthiolate (sodium ethyl mereuri thiosalicylate)t was recommended^ as 
a bacteriostatic agent in spinal fluid specimens in 1:1,000 to 1:10,000 concentra- 
tions, and it has been used by the authoi-s for more than two years n-ith notable 
success in spinal fluids sent by mail fi-om a seven-state area. Crawford and 
HerterP preserved sera for "Wa.ssennann tests by adding from 1.3 to 4.0 mg. per 
cubic centimeter of sulfanilamide, with no change in test reaction in eighteen 
days at room temperature and in observation of over 3.000 sera in duplicate. 
Perstein and Fishback* preseiwcd \Yasscrmann positive .sera with 50 per cent 
ulyceiine, and when thus treated the reagin was found to surmve prolonged 
heating at 56° centigrade. Rouslacroix and associates"' ® added 8-hydroxyquin- 
oline sulfate (.suno.xol) in 1 :5.000 concentration to preserve whole blood for the 
IVassermann test. 

A numljer of substances liave been used as preser\'atives for immune sera 
and for biologic products. l^Iai-shall' reviewed and compared, from the stand- 
point of bacterial growth inhibition, some of tbe pre\-iously u.sed serum pre- 
servatives. The followinu concentrations he found most favorable for bacteri- 
ostasis; tricresol, 0.2 per cent; 8-hydroxyquinoline sulfate (chinosol), 1 .-.5,000 ; 
merthiolate, 1 :5.000 ; glycerine. 1 per cent ; and formalin, 0.2 per cent. Formalin 
had a destructive effect on serum antibodies, and the chinosol %vas not a good 
lu-eservativc. Boyd' found that toluene was not as .satisfactoiA- as the aeriflavine 
or brilliant green dyes for preserving blood grouping sera. Jamieson and 
PowGl" used merthiolate in vaccines, toxin.s, toxoids, baeteriophage.s, and sera 
and fo und minimum injury to labile antigen and antibody fractions! Its high 
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degree of solubility, freedom from precipilalion and coagulation cliaractoristics, 
as well as its gonnieidal effectiveness in ])rotcin solutions, allowed it to be par- 
ticularly useful in materials of a labile nature afl'cctcd by the usual preservatives, 
lilorgan and co-workers’® and Povitsky and Eisner” found mertliiolatc superior 
to phenol in the maintenance of the immunization properties of diphtheria tox- 
oid. Waller’® noted that incrthiolate destroyed anli-Ph factor's but not normal 
isoagglutinins in anti-Rh scrum. Pressman and Grossberg’® showed that it inter- 
fered with the specific precipitation of antisera against beef or sheep scrum 
coupled with diazotized p-ainino benzoic acid. Simmons and Gentzkow” noted 
that sodium fluoride may he used to preserve whole blood specimens sent by mail 
for chemical tests, the preservative ctfeet being due to the inhibition of enzj’me 
action. 

The present stud}' was undertaken to compare the preservative effect of 
those substances mentioned in the litci'ature, with special reference to any inter- 
fering action on S3’’philitie rcagin, and to include others wliich seemed worthy of 
trial. It was also planned to cheek more carefully the cfilcienc.v of the substances 
which gav’c the best preliminary results and to determine their desirability for 
routine use in sera mailed to a centi-al laboratory for sei'ologic testing. 

EXPJEniJIENTAIi 

Comparison of Preservatives. — In addition to the preseVvativc substances 
cited in the references, the following were u.sod: sulfo-mcrfliiolate (sodium 
p-ethyl mereuri thiosulfonate),® phenylmcreuric borate, phenylmercm'ic nitrate, 
rivanol (othoxydiamino-aeridine),f zephiran chloride,! compound one (carboxy- 
metho-xylamine hemihydroehloridc),f’® penicillin, chloroform, and thj-mol. 

The preliminary tests were performed by adding nineteen different pre- 
servatives, in a presumably optimum range of concentrations, to 5 c.c. samples of 
a Seitz filtei'ed pool of positive reacting S 3 'philitic sera. The 5 c.c. samples of 
sera were distributed in 9 c.c. nonstci’ile vials with vinylite lined screw caps, 
as bacterial contamination was desired to test the ma.ximum effectiveness of the 
preservatives. Including the control serum not containing a preservative, thirt}'- 
eight trials were set up in duplicate. The two groups were read b}' two serolo- 
gists, and the talmlar results are the average of their obsenmtions. When pos- 
sible the preseiwative substances, diluted Avitb ph 3 'siologicall 3 " normal saline, were 
added to the vials in 0.1 c.c. amounts, the oi'iginal concentration of each being 
at such a level that upon the addition of the 5 c.c. scrum sample the final desired 
dilution was attained; that is, 0.1 c.c. of 5,1 per cent merthiolate in 0.85 per cent 
saline was added to the vial for the 1 :1,000 concentration. It was necessary to 
Aveigh out carefully into the test vials the phen 3 'lmercurie salts, rivanol, thymol, 
sodium fluoride, and sulfanilamide, because of their insolubilit}' ; and in these 
instances 0.1 c.c. of saline xvas added to the vials and to the control serum speci- 
men for compai’able effect. Phenol Avas dissolved in 95 per cent ethanol. Gl 3 "cer- 
ine in 50 per cent concentration diluted the serum, so that quantitatiAm Kahn 
test titers Avere multiplied by tAvo to give comparable figures. 

burnished by courtesy of EU Ellly and Company, Indianapolis, Ind. 
tFurnishod by courtesy of AVUntlirop Chemical Company, Inc., New York, N. Y. 
jFumished by courtesy of Dr. C. B. Favour, Peter Bent Brigliam Hospital, Boston, Mass. 
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Standard and quantitative Kahn tests were performed on the serum pool 
at the beginning of the trials and on a 1 c.c. portion withdrawn from the pre- 
pared samples at intem-als of 4, 7, 10, and 17 days. The presem-ed samples were 
exandned macroseopieally for contamination at each test interval, and stained 
smears of each serum were examined at the end of the seventeen days. An aver- 
age of the duplicate test quantitative Kahn reactions, and of the relative de- 
grees of contamination of the sera, is shown in Table I, together with eoncentra- 


T.vBtE I. Effect of Test Pp.esesvatitxs ix ■Vabtin-g Coxcexteatioxs ox Positwe STPHnrnc 
SEr.UM, Two Euxs Avepaged (Opjgixau Kahx Eeacxiox, SO Kahx Uxits) 




^ OUAXTITATITE KAHX 1 


CONTA3UNATION 




( 

REACTIONS 
KAHN UNITS' 

) 


ilACEOSCOPIC 


incp.o- 

SCOPIC 

SUBSTANCE 

concen- 

tration 

IN 

SERUit ! 

t/1 

>* 

^ ' 

f ' 

m 

> 

CQ 

> 

ft 

s 

1 

(— j 

03 

§ 

m 

> 

1 0 DAYS 

02 

> 

ft 

o: 

>* 

t'- 

Control serum 


SO 

40 

40 

20 

2*f 

2=f 

2s- 

4^ 

44 

ilerthiolate 

1:1,000 

so 

SO 

80 

40 

± 

>1- 

± 


_ 

VIertliiolate 

1:2,500 

so 

SO 

SO 

40 


± 

± 



ilerthiolate 

1:5,000 

so 

80 

SO 

40 


14 

Ox 

14 

Ox 

Sulfo-merthiolate 

1:1,000 

80 

40 

40 

40 

+ 

J. 

u. 

.O. 

± 

Sulfo-merthiolate 

1:2,500 

SO 

80 

80 

40 


+ 

A. 



Sulfo-merthiolate 

1:5,000 

80 

so 

40 

40 

14 

14 

24 

2~ 

34 

8-Hydroxvquinoline 

1:1,500 

SO 

SO 

SO 

40 

14 

14 

14 

14 

U. 

sulfate 

S-JlydroxTqtiinoline 

1:5,000 

SO 

80 

SO 

40 

Ox 

2-r 

24 

24 

34 

sulfate 

S-itydrosTquinoline 

1:10,000 

80 

80 

40 

40 

Of 

2-r 

24 

24 

34 

sulfate 

Phenyltnercuric borate 

1:1,250 

SO 

80 

40 

40 

+ 

+ 




Plienylmercurie borate 

1:5,000 

so 

80 

SO 

80 

a. 

x 

•f 

X 

X 

Phenylmercuric borate 

1:62,500 

80 

80 

80 

80 

Ox 

2“ 

34 

44 

44 

Rivanol 

1:10,000 

80 

80 

120 

40 

2-!- 

14 

Ox 

Oji, 

4+ 

Rivanol 

1:20,000 

80 

80 

80 

40 

2-t. 

2~ 

Oi. 

Oj_ 


Zephiran 

1:25,000 

SO 

80 

40 

40 

2x 

24 

24 

44 


Zephiran 

1:50,000 

SO 

120 

40 

40 

2x 

14 

o^ 

44 

3^ 

Compound one 

.25 mg./ 

SO 

SO 

80 

SO 

2*r 

14 

2-f 

24 

44 


c.c. 


PemcUlin 

Penicillin 

Chloroform 


1 unit/c.c. 

SO 

SO 

40 

20 

24 14 34 4^ 

2 units/c.c. 

SO 

SO 

SO 

40 

-- 14 24 44 

.06 c.c* / 

40 

40 

40 

40 

± ± 


Chloroform 


o c.c. 
.12 C.C./ 


i A 20 40 


2- U 14 ± 


Thymol 

Sodium fluoride 

Sodium fluoride 

Sulfanilamide 

Sulfanilamide 

Phenol 

Phenol 

Pormalin 

Tricresol 

Clyccrinc 

Glycerine 

Toluol 


Acriflavinc 
•Vcriflavinc 
Rrilliant preen 
Brilliant gre on 

•Xotc: 1 


o c.c. 


10 mg./c.c. 

0 

0 

0 

0 

Digested protein 

2 mg./c.c. 

SO 

SO 

40 

40 

2~ 

2- 

Oj. 


10 mg./c.c. 

40 

40 

40 

SO 

1-^ 

i-^ 

1-r 


1.5 mg./c.c. 

SO 

SO 

SO 

SO 

1-:- 

1-^ 

l-r 

If. 

4 mg./c.c. 

SO 

SO 

SO 

40 

1-^ 

A. 

o. 

X 

0.3% 

40 

40 

40 

40 

-i. 

1- 

lx 


0.5% 

0.2% 

40 

0 

20 

0 

20 

0 

20 

0 

In.coluble 

precipitate 

X u. 

0.2% 

40 

40 

40 

20 

A, 

3x 

3x 

fl 

1% 

SO 

SO 

SO 

SO 



*> . 

o— 

4rT 

50% 

SO 

SO 

SO 

SO 




.06 c.c./ 

SO 

40 

SO 

SO 


1^ 

Ix 


5 c.c. 







1:100,000 

SO 

SO 

40 

40 


I- 



1:200.000 

SO 

40 

40 

40 



n_j. 

»> 

1 : 3.000 

SO 

SO 

40 

40 

lx 


lx 
o . 


1 :30.000 

SO 

SO 

SO 

40 



l-r 


Crop con-^idercd equal to .OC cubic centimeter. 


34 
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fioii.s of piTservalives used. Bceaiiso of marked drop in qnanlilalive Kahn re- 
actions, the followin" preservatives were eliminated from further consideration; 
chloroform, tliymol, ])hcno], formalin, and tricresol. The following were elim- 
inated hecan.sc of failure to snpprc.ss bacterial contaminants in the eoneentra- 
tions employed: zepliiran, ])cnicillin, and acriflavinc. Brilliant green imparted 
what we considered an undesirable color to the serum, and glycerine was deemed 
impractical for routine use because of its diluting effect, although it gave ex- 
cellent preservation in 50 per cent concentration; therefore, these two substances 
were also eliminated. 


Tahi.k it. Effkct of Tkst Pt:KSKitv,\TivES i.v Varvi.vo Co.voE.VTr:.\TioN'.s o.v Positive Svrii- 
n.iTic SFnu.M, Two Pr.vs Aveiiaoeo (Okioi.vai, Kaii.v Reaction', JOO Kaii.v U.vits) 




QUAXTITATIVE 
KAIIX KEACTIOXS 



COXTAXtlKATIOX 





(KAHN- UXIT.S) 

MACROSCOPIC 1 


CUETVPAL 


substakce 

COKCKNTRA- 

TIOK 

IN SERUM I 

I 

A 1 

I'* ' 

CC 

>• 

a 

o 

a) 

A 

tc 

-ri 

w 

>* 

1- I 

to DAYS 

VI \ 

Vi 

G 

Cl 

cc 1 

^ I 

I-- ! 

w 

>- 

G 

O 

cc 

> 

K 

5 

Cl 

Control 


120 

80 

80 

20 

2-{- 

.•?-!- 

44* 

44* 

4-f 

44- 

44- 

4r 

Merthiolato 

1:2,500 

120 

120 

120 

SO 

i 

l-h 

24" 

24- 

2-»- 

24- 

2f 

2-^ 

Jlcrthiolate 

1 :5,000 

120 

120 

120 

SO 

•4- 

1 + 

24- 

24" 

2-i- 

2f 

24- 

Oi 

Sulfo-nicrthiolnto 

1:2,500 

120 

80 

SO 

SO 


It 

24- 

Oj. 

24- 

2f 

2->' 

2+ 

Snlfo-merthiolate 

1:5,000 

120 

320 

320 

120 

4* 

+ 

2-f 

2-i- 

3 + 

2-^ 

2f 

2+ 

8-HytIroxyquinoline 

1:1,000 

120 

120 

320 

80 



± 

If 

- 

- 

+ 

+ 

sulfate 

8-Hydroxyqulnolinc 

1:2,000 

100 

120 

100 

80 

- 

- 

+ 

1+ 

- 

- 

1+ 

+ 

sulfate 

Phenvlmercuric 

1:5,000 

120 

120 

120 

80 


+ 

It 

1-^ 

- 

+ 

If 

+ 

borate 

Phenylmcrcuric 

1:5,000 

120 

320 

120 

SO 


1-t 

3-f 

.•if 

- 

If 

2f 

+ 

nitrate 

Phenylinereuric 

1:50,000 

100 

320 

320 

80 

1+ 

1 + 

2-t 

2f 

If 

2f 

2f 

.If 

nitrate 

Rivanol 

1:5,000 

120 

80 

40 

40 

2+ 

a+ 

.1+ 

2+ 

24- 

24- 

3f 

;i4- 

Compound one 

2 mg./c.c. 

100 

SO 

120 

120 

2+ 


1+ 

2+ 

24- 

24- 

2f 

2-r 

Compound one 

1 mg./c.c. 

100 

SO 

80 

SO 

2-1 

1+ 

1+ 

2+ 

24- 

24- 

2f 

24- 

Sodium fluoride 

5 mg./c.c. 

100 

100 

120 

120 

+ 

+ 

1+ 

1+ 

- 

i 

14- 

l->- 

Sodium fluoride 

7.5 mg./c.c. 

ICO 

100 

160 

120 

i 

- 


3+ 

- 

- 

+ 

± 

Sodium fluoride 

10 mg./c.c. 

100 

160 

ICO 

100 

4* 

- 

+ 

± 

- 

- 

+ 

+ 

Sulfanilamide 

4 mg./c.c. 

160 

100 

120 

SO 

2+ 

2+ 

2+ 

1+ 

24- 

U 

1+ 

14- 

Sulfanilamide 

5 mg./c.c. 

100 

120 

120 

120 

2+ 

1+ 

2+ 

24- 

2f 

1-f 

1-f 

l■^ 

Toluol 

.00 c.c.*/5 c.c. 

100 

320 

SO 120 

+ 

+ 

- 

± 

- 

- 

- 

+ 

Toluol 

.12 C.C./5 c.c. 

120 

120 

80 120 


- 

- 


- 

+ 

- 

- 


•Note*. 1 drop considered equal to .06 cubic centimeter. 


Ten preservatives xvere compared in positive sernm for trial two, the range 
of dilutions making a total of twenty different tests in duplicate. Test inter- 
vals were at 7, 10, 14, and 21 days. In addition to observing macroscopic con- 
tamination, 0.1 c.c. of each serum vvas inoculated into 5 c.c. of nutrient broth 
at each test interval, and the relative degree of developing growtli was read 
after forty-eight hours’ incubation. Contamination and the quantitative Kahn 
reactions are shown in Table II. All substances showed some promise of a pre- 
seiwative effect, with the exception of rivanol, although certain dilutions of the 
substances xvere relatively ineffective, for example, phenylmerenric nitrate, 

1 :50,000. 


PKESERY.WU-ES EOR SVrHIIJTIC SERUM WITH USE OF MERTHIOLATE IlOo 

The following six preservatives were compared ^vith a control serum in 
trial three: mevthiolate, 1:1,000 and 1:2.500; sulfo-meilhiolate. 1:2,500: 8-hy- 
droxyquinoline sulfate. 1:2,000; sodium fluoride, 10 mg. per cubic centimeter. 
12.5 mg. per cuiiic centimeter, and 15 rag. per cubic centimrier; sulfanilamide. 

5 mg. per cubic centimeter; and toluol, 1 drop (0.06 c.c. per 5 c.c.). ree senes 
ivere set up, with positive reacting serum in sterile and nonsten e via s an 
ivith negative .serum in nonsterile vials. Aseptic precautions were use wit 
the “sterile’’ series. The results obtained are not tabulated, for all sera, in- 
cluding the controls, maintained 40 Kahn units for three week.s with the excep- 
tion of the 1:1,000 merthiokte serum, which dropped to 20 imits in two w^bs 
for the nonsterile rials and to 20 units in three weeks for the sterile vials. ^ e 
po.sitive serum control showed 1 plus and 2 plus contamination in both series 
throughout. The 8-hydroxyquinoline sulfate serum showed plus-minus con- 
tamination in two weeks, and sulfanilamide serum plus-minus to 1 plus contam- 
ination in one to two weeks, and that with toluol allowed plus-minus to 1 plus 
contamination throughout. It was probable that the Seitz filtration did not 
completely sterilize the positive serum pool. In the negative serum trials, in 
nonsterile vials, the control serum and toluol-preserved serum showed 1 plus 
contamination. A nonspecific precipitate developed after two weeks in the 
S-hyclroxyquinolinc sulfate serum. 

At this point, sodium fluoride appeared advantageous. Vials were pre- 
pared by adding the required amount of 1 :25 aqueous solution of the salt and 
dtying in a warm temperature, so that concentrations of 5 mg. per cubic 
centimeter and 7.5 mg. per cubic centimeter in serum would be attained by 
adding 3, 4, or 5 c.c. of .scrum to the proper rials. Seventeen rials each of 5 me. 
per cubic centimeter and 7.5 mg. per cubic centimeter concentration were tested 
with positive and negative sera. Sodium fluoride was shown to affect the s-pecifie- 
ity of the Kahn test in one week’s time in 8 of 11 negative sera in 5 mg. per 
cubic centimeter vials and in all 14 of 7.5 mg. per cubic centimeter negative 
scrum vials. Kahn reactions as hish as 1 3 4 wei'c obtained in the standard te.st. 

In Table III is shouTi the effect of merthiolate in concentrations from 1 .-1,000 
to 1 :10,000, compound one at 1 mu. per cubic centimeter and sulfanilamide at 5 


T.\m,E in. Effect of Test Pr.Esnr.v.vTnx.s ix V.vrvixg Coxci:xTP..mox.s ox PosrmrE Stph- 
lUTic Sef.cm, Two Rrxs .\.w;r..\f;ED (Op.iotx.vE K,\.nx Ke.\ctiox, 40 K.vhx Umts) 


SniST.VNCE 

< oKrf:?;' 

! THATION 
' IN 

‘ smuM 

QUANTTTATrVE KAHN 

KTlACnONS 
(KAUN t’NiTSJ 

1 COXT.VJttX.VTIOX 

j M.CrROPCOPIC j Cvr.Tt-F.M, 


t “ j 

, i 

1 •> j 

1 -1 

I 

I 1 

5 ' 

1 ^ 

; 5 j 

i 


1 g 1 

,i! 

S" j 

r. 1 

j 

‘X. 

Fontro! 


-JO 

40 

40 

trn 

I- 

1- 


4- 

1- 

4- 

•> .. 

•> . 

Mortliiolntc 

1 : 1,000 

JO 

10 

40 

40 

- 








Mcrtlii<i1;\ti> 

1 -.‘^..lOO 

40 

40 

40 

40 

_ 









I -..'i.OOO 

40 

40 

40 

40 









hinlnto 

1 ;T.r,ll0 

•to 

40 

40 

40 

- 



_ 





Mf'rtliiiiUitf 

1 :lo. 0 no 

SO 

JO 

40 

40 

- 



_ 





< onipoiiml (inc 

■ 1 mij./r.r. 


40 

40 


- 

1- 

T,- 

• . 


n 



.^iiUnnilntnuli' 

T) rri'j./r.o. 

JO 

40 

40 

40 


t 

1- 

-- 


I- 

I- 

I- 
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mg. per cubic centimeter on positive Ivalm scrum giving ii titer of 40 Kahn units. 
Only the control .serum and that containing compound one decrea.scd to 20 Kahn 
units in four -weelcs’ lime. Tlie control serum, that eojitaining compomjd one, 
and that with sulfanilamide showed contamination. 

Further comparisons were made of tlie effectiveness of mertJiiolate in 
1:1,000, 1:2,500, and 1:5,000 concentrations, compound one at 2 mg. per cubic 
centimeter of serum, S-hydroxyquinoline .sulfate at 1:2,000, phenylmercuric 
nitrate and borate at 1 :5,000, sulfanilamide at 5 ing. per cubic centimeter, and 
toluol at 1 drop per 5 cubic centimeter. Sulfo-merthiolate was not tested further, 
since it showed no advantages over merthiolatc. A .slightly different method 
of vial preparation was used for these comparisoms, in that the preservatives 
were di-ssolved in water, except for the phenylmercuric salts which were made 
up 1:800 in 95 per cent ethanol (not completely soluble). The sulfanilamide 
Avas used in a 2 per cent solution in 95 per cent ethanol, and the toluol ivas added 
to the scrum in liquid form. The sterile vials containing the preservatives, Anth 
the tops .loosened, AA’cre placed in a desiccator until the diluent had evaporated. 


TabiiE rs’’. Effect of Test Pueserv-atiaxs ix 'Vaea-ixg Coxcextkation.s ox Positive Svrn- 
lUTic Serum, Taa-o Euxs Aat.racei) (Origixau K.mix Reactiox, -iO Kaiix Exits) 




QUAKTITATIVE 1 
KAIIK REACTIOKS 


COKTAMIKATIOK 






( KAHN units) 

MACnOSCOPIC j 

mil 



SUBSTANCE 

CON’CKNTRA- 

TION 

IK SERUM 

w 1 

^ i 
US 1 

2 AVEEKS 

CO 

y 

u 

CO 

03 

H 

M 

w 

— t 

03 

td 

U 

u 

0) 

3 AVEEKS 

1 

M 1 

u 

u 

S ! 

% j 

CO 

u 

u 

p 

53 

H 

P 

Control 


‘10 

20 

4 

4 

4+ 

4+ 

4+ 

4+ 

4+ 

3+ 

3+ 

3+ 

Merthiolate 

1:1,000 

40 

40 

40 

40 


- 

- 


- 

- 

- 


Merthiolate 

1:2,500 

40 

40 

40 

40 

- 

- 

- 

- 

- 

- 

- 

- 

Merthiolate 

1:5,000 

40 

40 

40 

40 

- 

- 

- 

- 

- 

- 

- 

- 

Compounil one 

2 mg./c.c. 

40 

40 

40 

20 

- 

- 

- 

+ 

- 

- 

- 


S-Hydroxyquinolinc 

1:2,000 

40 

40 

40 

40 

4- 

Precipitate 

- 

- 

- 

- 

sulfate 

Phenylmercuric 

1:5,000 

40 

40 

40 

40 

- 

± 

1+ 


- 

± 

1+ 

1+ 

borate 

Phenylmercuric 

1:5,000 

40 

40 

40 

40 

1+ 

1+ 

1+ 

2+ 


± 


1+ 

nitrate 

Sulfanilamide 

5 mg./c.c. 

80 

40 

40 

40 

- 

+ 

+ 

± 

- 

1+ 

1+ 

1+ 

Toluol 

.00 C.C./5 c.c. 

80 

40 

40 

20 

2+ 

1+ 

2+ 

2+ 

1+ 

2+ 

2+ 

2+ 


Five cubic centimeters of the test sera Avere added to each A'ial and Avere mixed 
thoroughly. Tavo duplicate groups of positive sera (one of 40 and one of 20 
units) Avere tested, as AA-ere tliree of negative sera. Tabulation of all results is 
not shOAvn. In the positive serum of 20 units, all preservatives maintained the 
original 20 Kahn unit titer for four AA'eeks, with only toluol alloAAung slight con- 
tamination. In the positive serum of 40 units, AA'hich AA^as set up Avith a Seitz 
filtered serum that had previously shoAAm gross contamination, phenylmercuric 
borate nitrate, sulfanilamide, and toluol did not restrain bacterial growth; 
Avhereas, merthiolate completely inhibited groAvth (Table IE). Compound one 
and toluol aUoAved a quantitative Kahn decrease in titer from 40 units to 20 
units in four weeks. 














PRESERVATIVES FOR SYPIIIUTIC SERUM WITH USE OF AIERTHIOLATE HOT 


Table V. Effect or MERTHioiuiTE 1:2,500 ox Kaiix Reactions of Sera Which Stood One, 
Two, AND Three Weeks at Room Temperature 


OniGIXAL KAHN 

CHiVNGE FROM 

j ONE WEEK I 

j TWO WEEKS 1 

THREE WEEKS 

TESTREACDON 

1 OKIGINAL ICfMIN 

[ NUMBER 1 

PER 

NUMBER 1 

PER 

NUMBER 1 

PER 

GROUP* 

j REACTIONS 

1 OF SERA 

CENT 

I OF SERA 1 

CENT 

OFSEPA ) 

CENT 

Positive 

jso change! 

127 

63.5 

J12 

56.0 

88 

4S.9 

(4 Kahn units 

Slight changet 

12 

6.0 

22 

11.0 

29(111) 

16.1 

or above) 

Significant change} 

6 

3.0 

11(211) 

0.0 

10(211) 

0.6 

Positive 

No change! 

28 


29 

14.0 

26 

14.4 

(2 plus and 3 

Slight changet 

7(51) 

3.5 

5(30 

2.5 

7(20 

3.9 

plus reactions) 

Significant change} 

111 


2(111) 

■uiji 

3 ( 11 ) 

1.7 

Doubtful 

No change! 

14 

7.0 

10 

o.O 

8 

4.4 

(1 plus reaction) 

Slight changet 

5(4t:) 

2.5 

9(70 

4.5 

9(80 

5.0 

Totals ■ 


200 




ISO 



Note: 23 negative sera were also included in this trial for the two weeks period and 
13 for the three-week period. Four gave slight plus-minus or 1 plus reactions in single tubes 
on rare occasions but never sufficient to change the report to doubtful. 

•Based on one reading, a 3-tube total of 5 to 12 plus is Positive: 2 to 4 plus. Doubtful; 0 
to 1 plus, Negative. 

tReaction remained in same group, or quantitative test end point differed in not more 
than one dilution. 

tPositive to doubtful, doubtful to negative, or a quantitative end point difference of 
not more than threa dilutions. 

SPositive to negative or a quantitative end point difference of four dilutions, or more. 

rContaminated. 

tNo greater difference than 3 plus but sufficient to change the reported reaction. 

In the three trials with negative sera, totaling sixty tests, the substances 
listed in Table IV did not affect the specificity of the Kahn test over a four-week 
period, although S-hydrosyquinoline sulfate gave a confusing extraneous precipi- 
tate in two weeks in all instances. In two of these series, toluol allowed con- 
tamination to develop. 

Practical Use of Merthiolate . — The preceding experiments demonstrated an 
apparent superiority of merthiolate ; hence, it was chosen for further trial. Screw 


T.iBLE YI. Effect or Merthiolate 1:1,000 ox Kahx Reactioxs or Sera Which Stood Oxe, 
Two, axd Three Weeks at Room Temperature 


oricixal kahx 
test reactiox 
group* 


CH.AXGE FROM 
ORIGINAL ILVHX 
REACTIONS 


OXE WEEK 


NUMBER 
OF SERA 


PER 

CENT 


Positive No change t 39 4S.1 

(I Kahn units Slight change, 19 23.5 

or above ) Significant change^ 3 3.7 


TWO W'EEKS 


NUMBER 
OP SETA. 


PER 

CENT 


THREE WEEKS 


NUMBER PEP. 
OF SEPA CENT 


Positive No changet 9 11.1 

(2 plus and 3 Slight changet dtt") 4.9 

plus reactions) Significant change^ 2 2.5 


33 

19 

9 

S 

ir 

G 


Doubtful No change! 

(i plus reaction^ Slight changet StC*”) 


40.7 

23.5 

11.1 

9.9 

1.2 

7.4 


29 

22 

9 ( 11 ) 


3G.7 

27.9 

11.4 


5 ( 11 ) 
1 
8 


C.3 

1.3 

10.1 


Totals 


2.5 

3.7 


SI 


3 (27) 


100.0 


SI 


100.0 


2 

3(2T) 


2.5 

3.5 


79 


100.0 


— ' . — — - ■ ■ - - . * auu.u 

negative sera were also Included in this trial for the three-weeV neWnii .,7 
Uhich gave a fal.-:c doubtful reaction m two week.-= (ill) but a neStiv? Sr|e we^t^/l ®if 

0 to 1 ^lusf N"gatlve.“'’'‘"^- ® Positive; 2 to 4 plus,' Doubtful 

than one duXm '’“'‘"tltatlve test end point differed in not more 
more Ihan \h?cfduSHon“'’ negative, or a quantitative end point difference of not 

tContaminateT'^^'*'’ quantitative end point differenco of four dilutions, or more. 
INo greater difference than 3 plu.s, but sufficient to change the reported reaction. 
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cap vials of 9 c.c. cajiacily voce auloelavcd. Two series wore so pi'cpared that 
upon the addition of 3, 4, or 5 e.e. of serum the resultant eoneontraiion.s of 
1:2,500 and 1:1,000 wore obtained. To aoeoiuplish this, six tests of those sterile 
vials were prepared containin;', respectively, 0.1 e.e. of mertliiolate jirepared in 
1:33.3, 1 :25, 1 :20, 1 :S3.3, l:f)2.5, and 1 .-50 aqueous dilution.s. Addition of 3, 4, 
or 5 e.e. of serum, respectively, to vials containinp; the first three eoneenfrafions 


Taisle VII. Skua Snowixe SicxiriCANT Chances in ICmin Tjtei: 


SI'KCI- 

MKK 

OUIGINjVL 

RHACTIOX 

OKI: 

■\vki:k 

TWO ] 

wrinKS 1 

TIIIEKK 

AVKKKS 

CU.VICAIi .VOTES 




1:3. 

M)0 ^Irrthio)atc 

3 

-23 

—4 




Earh- latent .‘■vpliili.*-; previous K 

G 

3G0 K.U. 

200 K.U. 

120 K.U. 

120 K.U. 

Keurosvpliili.s, nsvinptoiiiatic; previous R 

IS 

300 K.U. 

3G0 K.U. 

200 K.U. 

200 K.U. 

Oonorriiea ; c.arly latent sypliilis; H at 
time of .‘.pecimeii 

20 

400 K.U. 

240 K.U. 

IGfl K.U. 

IGO K.U. 

Ko record 

2G 

344 

— 

— 

-11 

Ko record 

ij5 

+44 

-22 

+ 


Gonorrhea: K at time of .specimen; in- 
complete hi.story 

GI 

3G0 K.U. 

200 K.U." 

200 K.U.‘ 

200 K.U.' 

Primary M*pliilis; K nt time of spi'ci- 
men 

G7 

ICO K.U. 

SO K.U. 



Gonorihca; primarv syphilis; R at time 
of specimen 

74 

4 K.U. 

244 

-i±* 



Primnrv svphili.s, untreated 

Sit 

4 K.U. 




False positive, inconectly rceorded n.'- 
early latent; indtiefeo, no R; tiler 
Ilnetiinicd, 300 K.U. to negative tvitli- 
in 20 (lavs 

f)2 

-34 



— 

Latent .sypliili.s, previous R ; gonorrhea, 
R notv 

117 

4 K.U. 

4 K.U. 



Early Intent, comjtleled second R 2 dny.« 
before 

148 

20 K.U. 

-44 

-±i 

—1 

Early latcjil, no R ; quantitative Knlm 
fluctuated, 4 to 40 K.U. 

luOf 

4 K.U. 

— — — 

.Same as .Spreinicn 81 

1 :].000 Mrrthiolair 

12 

±24 

-13 

-12 

+ 

L:ifc latent svpliilis 

20 

344 

— 

— 

— 

No record 

32 

-44 

112 

— 

-'i 

Late latent svphilis 

55 

±44 

— 

— 

— 

Same as Specimen 55 above 

03 1 

4 K.U. 

-±3 

— - 

— 

False positive due to amallpo.x vaccina- 
tion inontii before 

72t 

4 K.U. 

-11 

— 

— 

Same n.s Specimen G3 

Sit 

4 K.U. 

— 

— 

— 

Same us Specimen 81 above 

83 

200 K.U. 

120 K.U. 

20 K.U. 

20 K.U. 

Early latent svphilis, no R 

92 

-34 

— 



— 

Same as Specimen 92 above 

94 

344 

—1 

-~± 

— 

Qiie.stionable primary; ob.scrved one 
month, dismissed tvithout R 

132 

4 K.U. 

-23 

— 


Ko record 

13G 

-44 

-±4 

— 

— 

No record 

142 

-44 

-23 

-23 

— 

No record 

148 

200 K.U, 

-44 

— 1 

—1* 

Same as Specimen 14S above 

149 

-44 

-24 

— 

—1 

JIucocutanoous relapse 

irint 4 K.U. 

— 

— 

Same as Specimen 81 above 

152 

-44 

-+4 



Old .syphilis, previous R ; cliancroid or 
lympliogranuloma at time of specimen, 
no R 


K.U., Kahn units. 


R, Treatment. 
•Contamination. 
fSame patient. 
JSame patient. 







PRESERVATIVES FOR SYPHILITIC SEBUM WITH USE OF JIERTHIOLATE 1109 


gives a 1:1,000 conceutration. Similarly, svieh quantities in the last three tubes 
gives a 1 •.2.500 concentration. 

The blood samples were obtained in 30 c.c. vacuum venules from patients at 
the local venereal disease clinie. They were refrigerated until the sera were 
separated and placed in the vials containing merthiolate. In some instances, 
serum stood on the clot for as long as three days. The sera were then kept at 
room temperature in the dark, and 1 c.c. poilions were removed immediately 
after adding the serum and at intervals of one, two, and three weeks, unless they 
were sooner exhausted. These portions were centrifuged, decanted, inactivated 
for thirty minutes at 56° C., and then tc.stcd by the Kahn standard and by the 
quantitative technique when indicated. 

Kesults with the two series are shown in Tables V and VI. The original 
Kahn reactions were separated into a quantitative group showing 4 Kahn units 
or more, a positive group showing 2 or 3 plus reactions, a doubtful group, and a 
negative group. Changes at one, two, and three weeks were tabulated as show- 
ing “no change,” “slight change,” or “significant change” (see footnote criteria 
in Tables V and VI. The 1 -.1,000 merthiolate gave a greater percentage of sig- 
nificant changes than did the 1:2,500 concentration, and both series .showed 
greater decreases in titer after two and three weeks than at one week. One 
negative serum (1:1,000 preservation) became doubtful (±11) in two weeks 

hut at the end of three weeks reverted to negative ( 1), Othenrise there 

were no changes in specificity. 


Tabi-e Vni. Diffep.e.vces IX Kahx Re.vctioxs Ovep. Two- of. Tup.ee-Week Periods With 
S.VME Sek.v at Two Coxcextp.-vtioxs of MjEP.TiiiouiXE (1:2,500 axd 1:1,000) 



XCitBEP. OF 
SERA 

XUMBER GIVIXG 
HIGHEF. TITEE AT 

1 : 2,500 

1 XC.'ilBEE CmxG 
mCHEB TITER AT 
! 1:1.000 

DIFFEREXCE IX EE.\CTIOXS BETWEEX 
_ THE TWO 

AgTcemcnt 

63 

- 


Slight disagreement 

19 

15 

4 

Significant disagreement 

11 

10 

1 

Totals 

93 

25 

5 


After three weeks, of the sera in the 1:1,000 series, 45.5 per cent showed 
‘no change” in titer. 33 per cent showed a “slight change,” and 21.5 per cent 
sliowed a “significant chamre.” The .sera in tlic 1 :2,500 series gave the following 
nt the end of three weeks: GT.7 per cent “no chanae”; 25 per cent “slight 
‘•liange”; 7.3 per cent “significant change.” In Table VII are listed the eases 
witli significant change.s in the Kahn reaction, and notes as available arc included. 

It was possible to pre.serve ninety-three specimens in both concentrations 
riic results arc summarized in Table VIII. The 1:2,500 dilution gave better 
'osults m a proportion of 5 to 1. In Table IX are listed the detailed results in 
those ernes of significant disagi'cemcnt. 

Of 223 sera pre.sorved by the 1:2.500 dilnfion. 14 .showed contamination- 
• at one week, , at two weeks, and 2 at the end of the third week Of 93 sem' 
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Table IX. Tabulation' on Duplicate Skiia Showing Signiitcant Di.SAonEBsiENr Wm.v 
Prilserved (1:2, gOO and 1:1,000 With JIuethiolate) 


specimen 

1 original reactions 

1 one week j 

1 TWO WEEKS 

THREE WEEKS 

1 1:2,500 1 1:1,000 1 

1 1:2,500 1 

1:1,000 ] 

I 1:2,500 1 

1:1,000 j 

1:2,500 1 1:1,000 

32 

-44 

-44 

134 

112 

123* 

— ... 

-34* -'+ 

30 

20 K.D. 

40 K.U. 

40 K.U. 

-24 

40 K.U. 

-12 

40 K,U. No test 

63 

4 KU. 

4 K.U. 

-34 

-±3 

-24 


—2 

72 

4 e;.d. 

4 K.U. 

-44» 

-11 

-23* 


-+3* — 

83 

300 KU. 

200 K.U. 200 K.U. 

120 K.U. 200 K.U. 

20 K.U. 120 K.U. 20 K.U. 

94 

344 

344 

-44 

—1 

-44 

+ 

-34 

123 

— 

— 

— 




±11 

-1 

133 

4 K.U. 

4 K.U. 

-44 

-23 

-24 

— 

-44 

136 

-44 

-44 

-2-1 

-±4 

-23 

— 

-44 

140 

-44 

-44 

-24 

-24 

-44 

— 

-24 -1 

153 

-44 

-44 

-44 

-±4 

-44 

— 

-44 


Iv.U., ICahn units. 

•Scrum showed contamination. 


DISCUSSION 

Inaccurate or unsatisfactory Kalin reactions liavc uncloulitcdly resulted, in 
the past, from either distant shipment of plain sera or the use of various pre- 
servatives unlniown to the scrologist. It is possible that syphilitic serum loses 
I’eagin to some extent after it has been separated from the clot,’“ and unless 
shipped as whole blood, or with a satisfactory preservative, undei'sensitivc tests 
will be I’eported from the distant laboratory. 

The present study indicates that none of tlie preservatives, in concentrations 
tested, shows a better presenmtive cfTect on syphilitic serum than merthiolote. 
Sulfo-merthiolate appeared to be almost as satisfactoiy. Compound one in a con- 
centration of 2 mg. per cubic centimeter was useful in this application. Neither 
sulfanilamide, phenylmercuric borate or nitrate, nor toluol gave consistent bac- 
terial inhibition in sera, although reagin content did not decrease appreciably 
in their presence. Craurford and Herlert’s^ recommendation of sulfanilamide 
was not confii'med in our limited study. TJic phenidmercuric salts are im- 
practical because of their low solubility. Gli^cerine, ivliich in 50 per cent con- 
centration preserved reagin, camiot be used routinclj' because of the high dilu- 
tion required. 

The use of sterile rather than nonsterile vials in the first part of the study 
did not prove advantageous, since bacterial contamination was desired to test the 
effectiveness of the preservatives. Either the vials or the serum furnished the 
contaminants in most instances, as Avould often occur in practical application of 
preservatives to serum. 

Merthiolate was effective bactei-iosfatically in 1 ;1,000 to 1 :10,000 concentra- 
tions. The 1 :1,000 concentration gave a greater percentage of decreased Kahn 
titei’s and one nonspecific reaction ; therefore, 1 :2,500 is recommended for prac- 
tical usage. Merthiolate 1 :2,500 did not markedly interfera with reagin over a 
three-week pei’iod in 92.7 per cent of 180 positive sez-a. The drop in one week was 
less 96.5 per cent of 200 sera remaining unchanged or dropping insignificantly. 
The comparative figure at one week's time for the 1 :1,000 series was 93.8 per cent 
of 81 sera. Under present conditions of transport, sera should reach a laboratorj' 
within one week. 
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The seven cases (3.5 per cent of total) in the 1 :2,500 series, which changed 
significantly in one week (see Table VII) j would have given one false negative 
(Specimen 92), and it was contaminated. Three others (Specimens 26, 81, and 
150) were from patients not Imown to have syphilis. The other three (Speci- 
mens 6, 20, and 64), though reduced in reagin, still gave strong positives. Of 
twenty-six cases shelving significant reduction of reagin in Table VII, for which 
clinical data were available, nine were either receiving penicillin or had 3 ust 
completed such treatment at the time the blood was obtained. Undue significance 
must not be attributed to this, for many of the other cases in this study were 
likewise being treated or had just completed treatment, yet showed no decrease 
in reagin. 

False positive sera may decrease in titer. Three specimens were obtained 
from a patient (Case 1) diagnosed as having false positive reactions due to recent 
immunizations and smallpox vaccination, also having a historj' of upper re- 
spiratory infection. Another patient (Case 2) had a false po.sitive reaction due 
to a malaria attack two and one-half weeks previonsly. A third patient (Case 3) , 
a IT-year-old inductee, incorrectly recorded as having early latent syphilis, de- 
nied exposure and had other quantitative finetnations from 360 Kahn units to 
negative. Tliese reactions are shoivn in Table X. 


Tabie X . tvatt n- Eeactioxs Showjxg Drops in Titep. Associated With False 
Positive Reactions Ff.om Thpxe Patients 


1 


speci- 

1 original i ONE week | 

1 TWO 

WEEKS ] 

1 THP.EE 

WEEKS 

date I 

[case 

men 

1 1:2,500 1 

1:1,000 tl:2,500 | 

1 1:1,000 I 






1 

58 

20 K.U. 

20 K.U. 444 

244 

-23 

-14 

-23 

-23 

2/5 

1 

63 

4K.U. 

4 K.U. -34 

-+3 

-24 

— 

—2 

— 

2/7 

1 

72 

4K.U. 

4 K.U. -44 

-11 

-23 

— 

-±3 

— 

i2/21 

2 

16 

±12 

-12 -11 

— 

-±± 

— 

— 

— 

2/12 

3 

81 

4K.U. 

4 K.U. 

— 

— 

— 

— 

— 

2/27 

3 

150 

4K.U. 

4 K.U. — 

— 

— 

— 

— 

— 


K.U., Kahn units. 


Five sera from both series showed very slight increases in titer after two 
weeks, one of which resulted in a nonspecific Kahn reaction (- 11) in 1:1,000 
merthiolate concentration, the only instance of the development of a false re- 
action with merthiolate. 

Contamination either enlianced or decreased Kahn titers in sixteen instances. 
Given sufficient inoculum, 1:2,500 mortliiolate will allow contaminants to in- 
crease, usually within two weeks. Tests on such sera should be carefully consid- 
ered and rechecked with another specimen if possible. 

The criteria for designating change in reaction as “no change,” “slight 
change,” or “significant change” were devised so that they would coincide with 
R physician’s usual interpretation of such reports were lie to receive them in 
following a ease. A false drop in quantitative titer of three dilutions in a pre- 
ser\-od .sample might he misleading. Quantitative titers on preseiwed sera should 
be interpreted with care. 
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SUMMARY AND CONCLUSIONS 

A study o£ the preservation of syjiliililif; reaffin as denionsti'atecl hy the 
Kalin test is presented. 

Twenty' ])rcservative .snl)stanee.s were eomjiared for their edeet on jiositive 
syphilitic sera and on negative sera over jieriods of two and one-half to four 
wcelvs at room temperature. None gave greater jn-eservation than mertliiolate 
(sodium ethyl mereuri thio.salicylate), whieli was effective, depending on tlio 
amount of original contamination, in eoncentration.s of 1 ;l,f)00 to 1:10,000. A 
comparison of two coneentrat ions revealed that scrum containing 1:2,500 mertlii- 
olate showed less drop in rcagin content than that with the 1 :1,000 amount. Test 
.specificity was not affected when concentrations lc.ss than 1 :1,000 were u.sctl. 

A practical method of i)rc.scrving .sera with nicrlhiolate 1 :2.50f) for shipment 
by mail is dc.scribed. Less than 4 per cent of 200 .sera so tc.stcd .showed a signifi- 
cant loss in titer in one week’s time, and only 7.3 per cent showed a significant 
decrease in three weeks. The use of such a method of preservation ivould result 
in more accurate serology in instances where whole blood cannot be sent to a 
laboratory ivilhout danger of gro.ss deterioration, Tiie method is not intended to 
supplant shipments of whole blood when such can be made .satisfactorily. 

Tlio nutIior.<! wi.=li lo o.vprci^ii npproeialion to ColoiwI V. H. Cornell, Medieiil Corpf, nnil 
to Dr. C. R. Rein (fonnorly Lieutenant Colonel, lledical Corp.'s), for critical rcvieivs of tlic 
manuscript. 
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SECONDARY BACILLUS PYOCTANEUS INFECTION IN MENINGITIS 
FOLLOWING INTRATHECAL PENICILLIN THERAPY 

Ruth C. Harris, iLD.,* Liuuax Buxbauji, 3I.A,,t axd 
Emanuel Appelbaum, M.D.t 
Neav York, N. Y, 

F ROil time to time there have been reported in the literature cases of secondarv' 
meningeal infections caused by intrathecal pimetures. In 1911, Schlagen- 
hanfer’ reported five cases of Bacillus pyocyaneus meningitis resulting from con- 
taminated saline used in mixing spinal anesthetics administered to these patients. 
A total of eleven cases of B, pyocyaneus meningitis after diagnostic lumbar 
punctures has been reported by Sonnenschein,' Levy and Cohen, ^ Evans,’' and 
Wise and ilusser/ Kerman and associates," in 1943, reported a case of B. 
pyocyaneus meningitis following pneumoenccphalogram. In this instance a wash 
bottle through which helium was passed was found to be the source of the con- 
tamination. In a review of the literature Kerman stated that among the fiftA'- 
two cases reported there was a mortality rate of 58 per cent, despite various 
hnies of therapy, including the sulfonamides. 

During 1945, one of us (E. A.) observed four patients with pneumococcus 
meningitis who were treated -with penicillin, intramuscularly and intrathecaUy. 
and subsequently developed a secondary B. pyocyaneus meningiti.s. Two of the 
patients were at the AVillard Parker Hospital, where haeteriologie investigation 
established the source of the secondarv* infection. 


C.ASE REPORTS 


Case 1. — Patient .A. il., a 9-month-ol<l Puerto Rican female, wa= admitted Dec. 16, 1914, 
with a diagnosis of pertussis because of a hi.atorj- of cougbing and vomiting for six days. 
IVhen first seen the patient had convulsions, the anterior fontanel was bulging, and dilated 
veins were prominent over the scalp. The temperature was 104° P. ; pulse, ICO ; and Tesplra- 
tioss, 52. A spina! tap was done, and 10 c.c. of cloudy fluid were removed under increased 
pressure. On direct examination this fluid showed the presence of pnenmocoeens tvpe XTOI. 

Treatment wtli 10,000 units of penicillin intramnscularly every three honr.« and dailv 
mfrafhecat injections of 10,000 units of penicillin in 10 c.c. of saline was started. Orallv, 
o 6m. of sulfadiazine were given daily to maintain blood levels between 9 to 14 mg, per cent. 
-tffer taenty-two d.iys, because the spinal fluid cultures continued to show pneumococci, the 
dosage of the intrathecal penicillin was increa.sed to 20,000 units in bi-daily injections and 
continued for twelve days. 

There were many exacerbations in tlic course of this patient’s illness, but as the tem- 
perature was normal from .Tan. 10 to 19, 1945 (Fig. 1), intrathecal treatment was discon- 
tinued on flic nineteenth. On January 22 the temperature rose, the patient again became 
■rntablc, and the anterior fontanel became tense. Pneumococcus type STIH was again 
recovered from the spinal fluid, and the bi-daily intrathecal injectiom- of penicillin were 


Ho«pitaI. B^-partment ol Hospitals, and the Bureau of Labora- 

Ri-celved for publlcatton, July CS. IPtC. 

•Former Chk-f KcfilAent. Parser Ho*-pUal. 

tBictfriolofrUt. 'W'nirmi Parker Hospital. 
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resumed. For the next three ■weeks the temperature ranged from 103 to OO’ F., and signs 
of meningeal irritation persisted, even though cultures of the spinal fluid showed no growth 
after Januarv 22. On February S, 100,000 units of tj-pe XVIII antipneumococcus serum were 
given intravenously. The temperature elevation gradually decreased and was normal from 
March 7 to 13. During this period spinal fluid drainage was carried out, and intrathecal 
penicillin was administered every morning and in the evenings only when the fontanel was 
bulging. 

On the evening of March 13, 1945, the patient vomited, and at 2 A.JI. on March 14 the 
temperature rose to 102° Fahrenheit. The fontanel was bulging, eyes protruded, and the pa- 
tient was irritable. Verj- tliick purulent spinal fluid was obtained under increased pressure, 
and 10,000 nnits of penicillin were instilled after drainage. This treatment was continued 
until March 17 when a report was obtained that a gram-negative bacillus had been cultured 
from all specimens of spinal fluid from March 14. The badUus was identified later as B. 
pyocyanens. From March IS to the day of death no intrathecal penicillin was administered, 
hut bi-daily lumbar punctures were performed to relieve pressure and to drain off fluid. One 
cubic centimeter of heparin was given intrathecally to prevent adhesions. Intramnseular in- 
jections of penicillin were not given after March 25. A total of 1,580,000 units of penicillin 
intrathecally and 7,430,000 units intramnscularly were administered. No local abscesses were 
ever noted in the buttocks in the region of intramuscular injections. 

The spinal fluid cultures were persistently positive for B. pyocyaneus, and the patient 
grew steadily worse and died on May 14, 1945. 


Case 2. — ^Patient, B. H., an S3-year-old wlute woman, was admitted Feb. 24, 1945, to 
another hospital, with the historj- of pain in the right ear for two days, A spinal tap was 
done and 20,000 units of penicillin intrathecally and 20,000 ■units intramnscularly were ^ven. 
The patient was transferred to IViUard Parker Hospital on the same day. 

On admission she was unconscious and had a stiff neck, positive Kemig sign, and 
diminished deep reflexes. She was given an infusion of 5 per cent glucose in saline and sodium 
sulfadiazine intravenously. On February 27 it was reported that the spinal fluid and blood 
cultures showed pneumococcus type 5IV, and treatment with 20,000 units of penicillin once 
daily intrathecally and 15,000 units intramuscularly every three hours was instituted. Sulfa- 
diazine therapy was also continued. 

The patient became rational on the third hospital day; the temperature gradually fell 
and reached normal on Barch 11, 1943. On March 14 at 2 a.m. the temperature again rose to 
103.4° F. (Fig. 2), and the patient again became slightly irrational. There was marked 
stiffness of the neck and positive Kemig sign. At this time purulent spinal fluid was obtained 
under increased pressure. 

On March 17 the laboratory reported tliat a gram-negative bacillus was cultured from 
all spinal fluid specimens since March 14 and that this microorganism was also a B. pyo- 
cyaneus. Drainage of the spinal fluid was done thereafter without injection of penicillin. The 
patient continued to receive sulfadiazine and intramuscular injection.s of penicillin. The 
temperature rose from 103 to 103° fahrenheit. She became comatose, developed rales at the 
lung bases and scattered areas of bronchial breathing. She died on March 28 2945. This 
patient received a total of 380,000 units of penicillin intrathecallv and 2,080,000 units intra- 
muscularly. 


C.VSE 3.~Patient, V. W., a 58-year-old woman, was admitted July 12, 1945, to a hospi- 
tal after an illness of one month’s duration. The s.vmptoms were .=ore'thro.at, fever and per- 
^stent headache. The patient had received 300,000 unit? of penicillin ivithout improvement. 
On July 15, 1915, the patient became lethargic and developed .signs of meningeal irritation, 
namely, rigid neck and positive Kemig and Brudzinsk-i signs. There was also a slicht left 
hemiparcsis, and the left knee jerk was greater than the right. The lungs were clear a short 

was heard, and the spleen was cni.argcd. Lumbar puncture 

‘.'-pc III uas cultured. The patient 
was treated with largo doses of penicillin intratliecally and intrama=cularlv and sulfadiazine 
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parenterally and orally. This treatment was continued for six days, after which the intra- 
thecal penicillin and oral sulfadiazine were discontinued because of general improvement and 
sterile spinal fluid cultures. 

Four days later the temperature rose to 102° F. (Fig. 3), and a cloudy spinal fluid was 
obtained from which B. ijyocyancitx was cultured. This was confirmed by five subsequent posi- 
tive cultures of the spinal fluid. For the succeeding 13 days oral sulfadiazine and intra- 
thecal penicillin were given. Intrathecal penicillin therapy was then discontinued, but daily 
spinal drainage, intramuscular penicillin and sulfadiazine were continued until the tem- 
perature became normal. The patient left the hospital 48 days after admission, completely 
recovered. 

C.ASE 4. — X. C., a 13-month-old infant, was hospitalized June 25, 1943, with a two-day 
history of fever and deh}-dration and convulsive tremors of the extremities for one day. Clin- 
ical signs of meningitis were present on admission, and type XV 111 pneumococcus was cul- 
tured from the spinal fluid. Xo primary focus of infection could be found. Treatment con- 
sisted of large doses of sulfadiazine orally and penicillin intramuscularly for two weeks. 
For the first sixteen days of treatment the temperature fluctuated between 102 to 103° Fahren- 
heit. Intrathecal penicillin was given daily from July 10 to July 16 and from July 23 to 
August 3 because of persistent growth of pneumococcus from the spinal fluid. A middle ear 
mfection became evident, and bilateral mastoidectomy was performed on July 31. From the 
right mastoid region Staphylococcus aureus was cultured, but no pneumococcus was found. 

On Ang. 6, 1945, three days after the last intrathecal dose of penicillin, the patient’s 
temperature rose to 102.0° F., and .signs of meningeal irritation recurred. Cloudy spinal fluid 
TOs obtained from which B. pyocyaneus was cultured. No more intrathecal penicillin was 
used; however, the intramuscular dosage was continued for four more days, and oral sulfa- 
diazine was continued in doses from 2.3 to 4.0 Gm. daily for the next nine days. The tempera- 
ture gradually became normal and the patient completely recovered. B. pyocyaneus was re- 
covered only On one occasion from the spinal fluid of this patient. 


BACTERIOLOGIC INTESTIG-VTION 


The day that the B. pyocyaneus was identified from the cultures of the 
spinal fluids of the two patients at "Willard Parker Hospital, 20 vials of the 
penicillin that had been used for treatment on that ward were sent to the 
laboratory for study. These Aials contained approximately 0.1 to 0.5 c.c. of clear 
penicillin solution diluted to 5,000 units per cubic centimeter. They were 
incubated at 37° C. without further dilution and showed no growth and were 
clear after forty-eight hours. However, after diluting the penicillin witli 2 
c.c. of beef heart infusion broth, by means of a sj-ringe and needle inserted 
fiu-ough the rubber .stopper, B. pyocyaneus was recovered after twenty-four 
I'ours incubation at 37° C. or room temperature. 

In order to cheek laboratory technique 16 additional vials, after use on tliat 
Ward, were tc.stcd as follows ; Tlie aluminum hand and nibher cap were removed 
nnd 2 c.c. of broth were added from individual broth tubes by separate pipettes 
to eaeli vial. All thc.se xials of penicillin showed growth of B. pyocyaneus in 
twcuty-fonr houre. The control liroth tubes showed no growth after ninety-sLx 
hours of incubation at 37® Centigrade. 


The method of preparing and administering the penicillin on the wards at 
our hospital was as follows; The penicillin was dissolved in 20 cc of saline 
tro,,, „ 500 c.o. . Slcri.-ol fl.nsk” Individ,,,!!,- v.appcd svrinnes .n„d 
„fv.llvs, Vinci, cveve aiilocliivcl. vc-c i,scd fo,- tlio wiginal dilulion ,nnd for each 
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intralhcc.'il dose. Tlie rubber slop2)er was cleansed willi alcohol before the 
needle was inserted. However, the inlrainuscular doses given at lliree-hour 
intervals were obtained by 2 c.e. syringes which -were kept in a covered jar 
after having been boiled. Penicillin for both intranuiseular and intrathecal 
doses for all patients receiving the dnrg were wilhdra-\vni from one vial until 
it was exhausted. 

In order to detennine the source of the B. pyocijancus on the ward in which 
the infection occurred, penicillin from three fre.sh vials was cultured on the 
ward immediately after the diluent (saline) was added and also at the time of 
each (three- to four-hour intervals) intramuscular dose. Two-tenths cubic 
centimeter of penicillin from the syringe containing the intramuscular dose 
was added to 3 c.c. of broth before injection. The I)roth tubes were then in- 
cubated for ninety-six hours, and readings were made daily. Gram stains and 
subcultures into broth and on agar were made to identify the microorganisms 
found. 


After ninety-six hours incubation no growth was observed in the cultures 
of the diluent (saline) and the penicillin immediately after dilution. However, 
B. pyocyancm was found in all cultures of the penicillin which was drawn into 
2 c.e. syringes for intramuscular injection. 

At the same time the procedure outlined was also followed in the laboratorj'. 
One vial of penicillin was freslily diluted, and ten 0,2 c.c. samples at thrce-houi‘ 
intervals were obtained by puncturing tlie disinfected rubber cap with a needle 
and a sjTingc. None of the cultures of the samples taken in the laboratory 
showed growth at the end of ninety-six hours of incubation. 

• In the laboratory the method of preparing and withdrawing the penicillin 
was the same as that on the ward, except that the 2 c.c. sj'ringcs used in the 
laboratory had been sterilized by dry heat in test tubes. 

All the objects in the wmrd treatment room wdiicli could possibly be a source 
of contamination vvere cultured at the same time. The following results were 
obtained : 


1. The jar in which the syringes wmre kept after boiling show'ed growih of 
B. pyocyanciis.^ 

2. Syringes (barrel and plunger) in the jar, ready for use, showed growili 
of B. pyocyaneits. 

3. Syringes (barrel and plnnger), immediately after boiling, show’cd no 


growth. 

•The Jars containing the syringes, the syringes, anci tlie forceps used for taking them out 
-were boiled in a flsli kettle by the night nurses every twenty-four hours. The forceps and 
wrlnces were boiled also at other times if tlicy came in contact witli contaminated material. 
The tars were kept on the "dressing” table and -were closed at all times, except when the 
wringes were being removed. The syringes were boiled unassembled, and the barrel a^nd 
were kept together by a rubber band during sterilization and kept in the Jar. The 
itprllized forceps were kept in 0.4 per cent solution of lysol wliile not in use. There was, 
unwover no way of cheeking whether during the wartime shortage of nurses and pressure of 
tiii’o tpfhniaue alwavs had been carried out as outlined and wliether the Jars had actually 
I'S.’w ctilrlUzwl every night. It is probable that some of the jars had become contaminated 
tiffniiph some breach of technique and that freshly sterilized syringes became in turn con- 
taminated when placed in the jars. 

otlier patient treated at the same time was a G-yoar-oId boy who was given 
I inif irltmmiiscularlv. He had a rise in temperature at tlie same time as the other two 
patleots (Cases 1 and 2). No local abscess appeared at any time, and his recovery was 
uneventful. 
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4. The sterilizer used for boiling the syiTHges showed no growth. 

5. The box in whicli the penicillin was kept in the refrigerator as well as 
the caps on 2 vials in the box showed a few colonies of Staphylococcus alhus. 

6. Top and shelves and traj* on the treatment table showed Staph, alhus 
and Aerohacter acrogenes. 

7. The window sill showed few Staph, alhus and A. acrogenes. 

8. Lysol and stock 70 per cent alcohol and the alcohol cotton wipes showed 
no growth. 

Prom these studies on the ward in which the infection oecnrred, we were 
able to conclude that the syringes after being sterilized by boiling were con- 
taminated by being kept in a .iar harboring B. pyocyaneus. These syringes, 
when used to withdraw the intramuscular doses of penic il lin, contaminated the 
drug. 

After the soui’ce of contamination was traced in the ward in question, vials 
hai-ing some residual penicillin, the .jars in which the sjwinges ready for use 
were kept, and the baiwels and plungers from all the other wards in the hospital 
were cultured. Of the 21 Auals tested, 3 vials showed growth of B. pyocyaneus 
and 4 of Staph, alhus and of A. acrogenes. Two syringes showed growth of the 
aerohacter and two others Staph, alhus. 

A total of 61 vials of penicillin were cultured from all wards; of these, 41 
showed groivth of B. pyocyaneus, 39 from the ward where the accidental infec- 
tions occurred. The vials of penicillin containing 5,000 units per cubic centi- 
meter from which either the B. pyocyaneus or the A. acrogenes was obtained 
were clear. The vials that showed contamination were not from any particular 
lot number or from only one commercial biologic laboratory. 

To insure absolute sterile conditions for the dilution and administration of 
penicillin, the following procedure was adopted at the "Willard Parker Hospital ; 

1. Indmdual 20 ’ c.c. ampules of saline are used to dilute the penicillin. 

2. All needles and 2 c.c. syringes are assembled and placed in test tubes, 
and large syringes are indmduaUy wrapped and then all equipment sterilized 
in the autoclave. 

3. Caps of the penicillin mals are washed with individual iodine and 
alcohol swabs before puncturing. 

4. Individual vials of penicillin are used for each patient and are labeled 
with the name, date, and ward number, 

DISCUSSION 

Penicillin solutions used on the wards in three ho.spitals became con- 
taminated with B. pyocyaneus. As the .solutions remained clear they were con- 
sidered sterile and were used therapeutically. The intramuscular injections 
produced no abscesses at the site of inoculation; the intrathecal injections how 
over, resulted in B. pyocyaneus meningitis in four patients with 'death i’n two 
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Altlioufrli penicillin in high concenlrations may inhibit the active growth 
phase of either B. pyocijanc'its or A. acrogencs, it has been established hy 
Fleming' and Abraham and associates* that it is not bacteriocidal for these 
microorganisms. It is therefore important to maintain ab.solutcly sterile tech- 
nique in the preparation and administration of ])enicillin. This is c.specially 
important, since the penicillin shows no visual evidence of contamination and 
remains clear even at a concentration of 5,000 units per cubic centimeter and only 
becomes cloudy after it is diluted to contain less than 1,000 units per cubic 
centimeter. 

.SUAniAItY 

1. Secondaiy B. pnocnancus meningitis following intrathecal penicillin 
treatment for pneumococcus meningitis was observed in four patients, two of 
whom died. 

2. The .source of the B. pyocyancus was traced in two of the cases to 
penicillin solutions contaminated by syringes used to withdraw the drug for 
injection. 

3. As penicillin solutions containing 5,000 units per cubic centimeter .show 
no evidence of contamination, absolutely sterile technique in the preparation and 
administration of penicillin must be observed. 

We ■n'isli to extend our thanlc.s to Dr. Vera B. Bolgopol and I)r. .Teroiiie I/. Kolm, for tlieir 
aid in preparation of tliiii paper, and (o Jfiss Btilh Go.ding, for iier a.s.si.stnnec in the b.ic- 
teriologio diagnosis. 
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THE TWO-DOSE DEXTEOSE TOLERANCE TEST IN 
THE DIAGNOSIS OF DIABETES ]MELLITUS 

James F. Conner, M.D., EocHEbTER, N. Y., and 
Frank W. Reynolds, M.D., Baltimore, ]Hd. 

'piIE standard single dose dextrose tolerance test, first used by Jacobson.’ 

1 has not proved entirely satisfactory for the diagnosis of diabetes melbtns. 
The procedure is not only time-consnniing and discomforting but 
in sensitivity and specificity.-''' ^Moreover, the results of the test aie in ueneec 
significantly by the composition of the antecedent diet.- ® 

To vitiate the deficiencies in the standard test, several modifications have 
been proposed. One of these, in which two doses of dextrose are gh en one 
to two hours apart, was suggested by Staub’® and Traugott.” In the hands of 
Malmros’- and Julesz’^ this procedure seemed none too satisfaetoiy, and so 
fell into disuse. 

The two-dose test was revived and further modified by Exton and Rose,’ 
who shortened the interval between the fii’st and second dose of dextiose to 
one-half hour and who abbreviated the duration of the procedure to one houi. 

The two-dose one-hour test subsequently has gained considerable popu- 
larity. It has been used in the Out-Patient Diabetes Clinic of Stiong IMem- 
orial Hospital® since 1938. We propose herein to summarize our experience 
’♦with the test, which in clinic practice has been timesa%'ing, economical, and 
satisfactory for the diagnosis of diabetes mellitus. Of special interest are the 
data concerning the value of an additional sugar determination made two 
hours from the beginning of the test. 

Technique of ihe Test . — All incluiduals tested vrere ambulant patients in the Out- 
Patient Department of Strong Memorial Hospital. Each vras instructed to take neither 
food nor insulin from the time of the evening meal until the test had been completed the 
following morning. No attempt was made to control the diet preceding the test. 

The sugar solution was prepared by dissolving 100 Gm. of dextrose in 6-50 c.c. of 
uater. The resulting 15 per cent solution was diiided into two equal portions. 

-After the patient had voided, a specimen of lenous blood was withdrawn and the 
first portion of the dextrose solution given. Tno minutes were allowed for its ingestion. 
Tliirtj- minutes later, blood and urine specimens were obtained and the second portion of 
the dextrose solution gi\cn. Third and fourth specimens of blood and urine were obtained 
one hour and two hours, respectively, after the first do=e of dextrose solution had been given. 


The Phy.’tiologic Basis of the Two-Dose Test . — The two-dose dextrose toler- 
niiee test is based upon sound physiologic principles. The fir.st of these, known 
as Allen V law of paradoxic dextrose utilization, is the fact that the more dex- 
Irose ingested by a normal individual the more is utilized. The patient with 
diabetes mellitus. on the other hand, limited in his ability to cope with earbo- 
hydrat es. develops hj-perglycemia and usually glycosuria after the inge.stion 
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of sizable amounts of dextrose. Tlic second principle, the Hamman-IIirsdiman” 
plienomenon, is that ^Yllen dextrose is given to nondiabctic persons in two 
increments llie hyperglycemia which follows the second dose is less than that 
produced by the first. The diabetic patient, less adept in removing excess 
cai’bohydrate from the blood, responds with increased hyperglycemia to re- 
peated doses of dextrose. 

Advantages and Disadvantages of the Two-Dose Test. — The principal ad- 
vantages of the two-dose test are its brevity, simplicity, and economy. The 
shorter duration of the test diminishes the effect of faeto}-s such as hunger, 
fatigue, and impatience. Fewer venipunctures and fewer chemical determi- 
nations are necessaiT than with the standard test. 

There is some reason to believe that the composition of the antecedent diet 
distorts the results of the two-dose test less than those of the .standard one- 
dose procedure. Presumably, this is because the first increment of dextrose 
acts as a buffer against whatever depletion of liver glycogen may have oc- 
curred before the test is pei’formed. 

The results obtained bj' groups of investigators studying the influence of 
the antecedent diet upon the Iwo-dosc one-hour test are at A’arianee. Exton 
and Rose state that moderate variations in the diet do not influence the test. 
Su’eeney, liluirhead, and Allday,*' drastically altering the composition of their 
subjects’ diets, found effects they considered significant, and Langner and 
Fies*® state that ‘'moderate as well as extreme m.nnipulation of the diet is 
capable of altering the Exton-Rose glucose tolerance from normal to the dia- 
betic tj'pe.” Wayburn and Gray,*® however, found the two-dose test “rela- 
tively free from the influence of fairly marked changes in the preceding diet 
and therefore superior to the one-dose test when the preceding diet is not 
known.” 

A disadvantage of the test noted by Young®® is that when dextrose absorp- 
tion is unusually rapid, the two-dose test gives an erroneous pictiu’c of the 
true status of the patient’s earbohydi’ate tolerance. In oxir experience these 
individuals may be identified by prolongation of the two-dose test to include 
a two-hour specimen. 

Another disadvantage of the test, although one seldom encountered, is 
that nervousness may delay passage of the ingested dextrose from the stomach 
into the intestine. Gastric motility varies considerably from subject to sub- 
ject,®*’ ®® and, in a few, delay in the emptying time of the stomach may retard 
the hyperglycemic response, a factor which merits consideration because of the 
brief time interval involved. 

Comparison of the Ttvo-Dose Test With the Standard One-Dose Procedure . — ■ 
No extensive comparison between the standard one-dose test and the two-dose 
procedure is available. Kelly, Beardwood, and Poivler®® found the two tests 
in close agreement and cite two cases out of fifty in which the two-dose test 
was found to be superior. Bro^vn®* also has compared the two procedures and 
found them equally accurate. Langner and Dewees,®® who studied 160 pa- 
tients believe that the conventional one-dose test is the more specific of the 
two although they consider the Exton-Rose test somewhat more sensitive. 
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disease in othei’ membei's of the family, the absence of other conditions asso- 
ciated with hyperglycemia, the degree of glycosuria, the patient’s reaction to 
infections, and the results of the two-dose test. 

Of the eighty-two patients with diabetes mellitus; twenty-tAco rcrpiired 
insulin daily; forty-nine were regulated satisfactorily without insulin; and 



eleven were given insulin at the onset but subsequently were able to dispense 
with the injections as their condition improved from weight reduction, dietary 
regulation, and control of infections. 

No attempt was made to subclassify the group of insulin-treated diabetic 
patients according to the amount of insulin required. Nor did there seem any 
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special virtue in trying to evaluate the “severity” of diabetes from the results 
of the dextrose tolerance test alone. 

The results of the tests, expressed as average readings for each group, 
are shown in Table II and represented graphically in Pig. 1. 
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Consideration of the mean values alone indicates that in the average case, 
the two-dose procedure readily separates the diabetic patient from the non- 
diabetie person. Standard deviations of the mean values, however, tend to be 
large, especially in the diabetic groups. Further statistical analysis therefore 
was made in an attempt to determine which criteria are most reliable. The 
results of this analysis are summarized in Table III. 

The data of Table III indieate that the lieight of the one-hour blood sugar 
reading is the most reliable criterion. The height of the two-hour blood sugar 
appears to be the next most valid differential point. The x/S values of the 
other calculations are below 2.0, and therefore cannot be considered statisti- 
cally significant. 

From tins anal 3 'sis, we believe the data in Table R’’ to represent the most 
important considerations in attempting to differentiate the normal from the 
diabetic by the two-dose dextrose tolerance test. 


Table W. Criteiua tor Dipferentiation of Normal Persons Prom Patients 
AVitii Diabetes itELiATUS 



1 niAIOD .SUGAR READINGS 


NOnMAL 

1 

doubtful 

1 

PIABETIC 

One hour 



Below 150 


150 to 170 


Above 170 

Tivo liours 



Below 125 


125 to 1.35 


Above 135 

Table A^. 

Correctness op Proposed Diagnostic Criteria 






EXTON AND 

COOIJ) AND 

XIATTIIEWS AND i 





rose 

associates 

ASSOCIATES 



TOTAL 




1 

1 





Nuir- 


PHE' 


pf.r- 


PER- 


PER- 


BER OF 1 

NUM- 

CENT- 

Nuar- 

CENT- 

NUM- 

CENT- 1 

NUjr- 

CENT- 


CASES* 

BEE 

AGE 

BEE 

AGE 

BEE 

AGE 1 

BEE 

AGE 

Normal 

29 

20 

09 

21 

72 

27 

93 

29 

100 

Diabetic 

So 

78 

92 

77 

91 

82 

90 

84 

99 


♦Includes six borderline cases summarized In Table VI. 


All of the cases, both normal and diabetic, summarized in Table II meet 
both of the criteria set forth preAUOUsly. The number of correct diagnoses 
Avhich would have been made had the criteria of others alone been relied upon 
is shown in Table V. 

ANALYSIS OF BORDERLINE CASES 

There remain nine cases in Avhich the diagnosis of diabetes mellitus could 
neither be readily established nor definitelj’’ excluded. These eases are de- 
tailed in Table VI. 

In Cases 1 to 3, there was clinical evidence of hepatic or pituitary disease. 

Cases 4 and 5 are considered diabetes mellitus, although the one-hour 
reading leaves some doubt as to this diagnosis. The low blood sugar at one 
hour may represent delay in gastric emptjdng time. Cases 6 to 8 probably 
represent instances of unusually rapid dextrose absorption by nondiabetic per- 
sons, as suggested by Young. Technical error in the blood sugar determina- 
tions cannot he ruled out. Case 9 is unique in our experience. Tliis patient, 
when studied in the Out-Patient Department, showed no emdenee of diabetes, 
although two years previously he was said to have had glycosuria during 
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TjVble VI. Summary of BordDruxe C.vses 



[ 



1 DIAGNOSIS BY CRITERIA OF : 

case 

1 PATIEST 

CEIXIC.AE 

DIAGNOSIS 

TWO-DOSE 

TEST 

ESTOK AND 
KOSE 

goued and 

ASSOCIATES 

MATTHEWS AXD 
ASSOCIATES 

1 

V.L. 

Cirrhosis of 
liver 

95-I43-1S2-11S 

Diabetes 

Indetermi- 

nate 

Diabetes 

2 

C.J. 

Cirrhosis of 
liver 

87-133-163 

65-115-160-156 

Diabetes 

Normal 

Indetermi- 

nate 

3 

E.M. 

Pituitary 

basopHlism 

80-161-179-145 

Diabetes 

Normal 

Indetermi- 

nate 

4 

B. S. 

Diabetes 

84-118-164-160 

Diabetes 

Indetermi- 

nate 

Indetermi- 

nate 

5 

A.V. 

Diabetes 

74-111-140-160 

86-95-168-165 

Diabetes 

Normal 

Indetermi- 

nate 

Normal 

Indetermi- 

nate 

6 

N.P. 

Rapid 

absorption 

100-208-135-90 

Xormal 

Indetermi- 

nate 

Normal 

7 

E. J, 

Rapid 

absorption 

93-160-184-83 

Diabetes 

Indetermi- 

nate 

Diabetes 

8 

L.B. 

Rapid 

absorption 

87-139-175-118 

Diabetes 

Diabetes 

Indetermi- 

nate 

9 

P.M. 

Diabetes 

82-111-127 

Diabetes 

Normal 

Normal 


hospitalization for drainage of a palmar abscess. Six months later he was 
admitted to the hospital inth pyelonephritis and in the presence of infection 
again became franMy diabetic with hyperglycemia and glyeosnria, requiring 
the use of insulin. 

DISCUSSION 

As with other laboratory procedures, the two-dose dextrose tolerance test 
should be used only to supplement other clinical considerations in attempting 
to differentiate the diabetic from the nondiabetic patient. 

Properly interpreted, the test is a valuable procedure for making this 
differentiation. Greatest reliance should be placed upon the height of the 
blood sugar at one hour. However, it is distinctly helpful to see the complete 
curve and to correlate the readings with other factors. The one-half hour 
reading contributes little to the differentiation, but the two-hour reading has 
proved of great value in borderline cases. The results of the test should be 
interpreted with reserve in the presence of diseases of the liver, thyroid, or 
pituitary gland. 

COXCLUSIOXS 


1. The two-dose dextrose tolerance test is based on sound phvsiologic 
principles and is sufficiently sensitive and specific to make it a valuable pro- 
cedure for the diagnosis of diabetes mellitus in clinic and office practice. 

2. The height of the one-hour blood sugar is the most reliable criterion 
lor differentiating the normal person from the diabetic patient. 

3. Determination of the blood sugar at one-half hour contributes little to 
the differentiation and may well be deleted from the procedure. The two-hour 
reading, however, is reliable and should be included in all doubtful cases 

4. In a few cases no definitive diagnosis can be established from the re 
Milts of the dextrose tolerance test alone. These cases should he viewed in 
their entirety, and special consideration should he accorded the clinical picture 

ant 5s within the diabetic ran-e 

and the two-honr reading normal, c.vce.ssively rapid dextrose absorption should 
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COXN'KU AND UKYNOTvDS 


be suspected. When the oiic-hour blood .sugar reading i.s Jioriun] and tlie two- 
hour .specimen indicative of diabctc.s, delayed gastric emptying i.s to be 
considered. 
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A DETAILED EEPORT OX THE WEIGHTS AX'D WEIGHT LOSSES OF 
TA\'ENTY-FOUR JIEN IN SANTO TOJilAS INTERNJIENT CAIVIP 


Barker H. Brown, Ph.D.® 
Ann Arbor, Mich. 


A lthough there have been a number of reports on the nutrition in various 
^ prison and internment camps of World AVar II, there has been to my 
knowledge no detailed report on a group by one who knew the indi^dduals 
and their condition intimately. It was therefore considered to be of A-alue to 
report the following data. 

In Table I are presented the weights of twenty-four men ci\'ilian internees 
of Santo Tomas Internment Camp in Manila, P. I., thirty-six months after 
their internment and two weeks before liberation on Feb. 3. 1945. The classi- 
fication of body types was made bj' the author who had lived in either the 
same or adjoining rooms with these men for eighteen months or more. The 
ideal weights were taken from tables compiled by the Statistical Bureau of 
the jMetropolitan Life Insurance Company (WohP). This particular group 
of men cannot be said to be entirely typical of the camp population, as they 
were the more healthy individuals remaining from two rooms after the other 
members not so fortunate had been transferred to quarters considered to be 
more suitable for those in a poor state of health. In fact this group, in gen- 
ei'al, had been able to obtain eonsiderable amounts of supplementary food in 
addition to the camp ration. For example the author had been able to add 
about 3 ounces of canned meat daily to his diet and about 1 ounce of salad 
od during the last five months. This, in addition to consuming large amounts 
of peanut butter as long as it was available (until about May, 1944) and gorg- 
'Bg himself with rice a.s long a.s it was available (until about Feb. 1, 1944). 
allowed him to keep his weight at 93 per cent of the ideal. However, in spite 
of this, his blood pressure was 90 mm. ITg instead of a normal 127 mm. H"; 
Pwlse, 48 to 50 instead of a normal 70; red blood cells, 3.25 millions per cubic 
millimeter instead of 5.5 millions per cubic millimeter; and the hemoglobin 
about 55 per cent. At this time a blood pressure of 100 mm. ITg and a red 
blood cell count of 4 millions per cubic millimeter or over was considered 
exceptional in tbc camp pojndation. 

Perhaps it .should lie added that the low red blood cell and hemoglobin 
values of the author were no doubt in part due to three donations for tran.s- 
fusiou of about 500 c.c. each given in the latter part of 1943 which dropped 
the red blood colls to 3.5 millions per cubic millimeter. Earlv in 1944 a treat 
ment with iu.icctiblc liver preparations plus 70 Gm. of peanut protein da'ilv 
raised this to 4.25 millions per cubic millimeter in six wc-eks. Several months 
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Table I. Detailed Data on Weights and Weight Losses of Twenty-Four Men Internees of Santo To-mas iNTEitNiiENT Camp, Manila, 
P. L, After Thirty-Six Months of Internment and Two Weeks Before Liberation 

~ ~ ^ WEIGHT 

I I I I FINAL AS I 
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$SUght etlema in lower extremities. 


WEIGHTS AXD WEIGHT LOSSES OF MEX IX SAXTO TOAIAS rXTERXMEXT CAMP ll3l 


later, wlren tlie covint l\ad again fallen off considerably, a second series of liver 
injections withont the supplementary protein (no longer available) had no 
effect on the red blood cell count. 

Keys and co-workers,- in experiments with thirty-four men, found that 
edema had developed in nearly all cases in a six months’ starvation period 
during which the subjects lost 25 per cent of their weight and were on a 
protein level of 49 C4m. derived from vegetable sources. It therefore seems 
rather remarkable that so few of our group showed edema at this time, for 
as is shomi in Table I we had lost on an average of 25 per cent in weight 
although over a longer period of time. As indicated in Table I only Subjects 
13, 20, and 24 showed definite edema at this time. In the two weeks which 
ensued after these data were collected and before liberation, Subjects 1, 5, 10, 
21, and 22 also showed traces of edema. Our calorie level from the camp 
ration had been less than 1,000 for over five months and the protein level at 
20 to 30 Gm. obtained chiefly from rice and corn with a few beans, sweet 
potatoes, and negligible amounts of meat. Even the author, whose diet was 
supplemented by about 3 ounces of meat daily, received only 40 to 50 6m. 
of protein daily. It seems possible that we had gradually become adapted to 
a low level of protein and general metabolism, as the blood pressure and pulse 
rates would suggest. 


Table 31.* Ateeage tVEiGHTS of Various Age Groups at Saxto Toiias I^r^ERXlIEXT C.Airp, 
ilAxiLA, P, I., Thirtt-Sjx Mokths After Ixtervmest axd Two Weeks 
Before Liber.vtiox 


SUBJECTS 

AGE 

, number I 

j OF i 

1 PERSONS 


AVERAGE 

WEIGHTS 


PREWAP. 

(POUNDS) 

36 MONTHS 
IA.TER 
(POUNDS) 

1 

LOSSES 

1 (POUNDS) 

PER CENT 
OF 

PPmWAE 


19 to 40 

30S 

166 

124 

42 

75 

-Men 

41 to GO 

aoD 

175 

122 

53 

TO 

Men 

Over 60 

4.13 

177 

119 

58 

67 

Camp totals 


1,.50G 

172 

121 

51 

70 

Women 

19 to 40 

G67 

125 

101 

24 

SI 

U omen 

41 to GO 

44S 

135 


35 

74 

M omen 

Over 60 

119 

149 

96 

53 

64 

Gamp totals 


1.-2.32 

132 

100 

32 

76 


•OfUcia! Records o£ Santo Tomas Internment Camp. UnpribUshed. 


It is interesting to note that our camp average of 121 poimds (Table 11) 
for men was from 10 to 15 pounds below that of 4,61S prisoners of war freed 
in the Far East and reported by the military anthorities.’ 

Table II also bears out the general observation made by the author that 
the Avomen fared considerably better than the men. Their weight at this time 
was 76 per cent of normal as anainst TO per cent for the men. \his ivas prob 
ably largely due to the fact that they received the same food rations as the 
men in spite of the fact that their requirements were considerably less It is 
also notice.able (Tabic III that the older and more obese individuals lost more 
weight and reached a final lower weight than the vounger people This w^. 

more netively. espeemlly around the kitchen, and thus received more food in 
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many cases. Tlie yoniifier ones were more viporons aiirl more able to produce 
extra food in gardens of tlieir own or to do work for oilier individuals in camp 
and thus obtain eitlicr directly or indirectly more food. Tbe younger people 
also were not so particular about their food and rcgardle.ss of former food 
habits ate rice, unappetizing stew, or anything else that could be had, while 
many of the older people, in the earlier days when considerable amounts of 
food were thrown away daily, refu.scd to cat heartily and thus .started to 
decline long before it was neee.ssary. 

The unn.sual case of an extremely obe.se individual (B. C.. Negro) who 
entered camp weighing 365 jjounds and di’ojijied to 148 iiouiuhs, a loss of 217 
pounds or 59.4 per cent of his total weight, is also noted.'* 

It might be of interest to point out that, in general, this group of men 
had lived for extended periods in the trojnes. Several had been born in the 
Islands and exec])! for visits and education abroad had sj)ent their lives there. 
Two others, Sirb,iects 24 and 2.5, liael .spent np])roximatcly forty years each 
in the Islands. 51 any others had lived there from five to ten years. The rela- 
tive condition of these individuals .sugge.sts that the old idea of the unhealthy 
climate of the tropics is largely a myth if one follows reasonable rules of 
health and sanitation. 
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THE COMPARATIVE EFFICIENCY OF VARIOUS LRCER FUNCTION 
TESTS IN DETECTING HEPATIC DAIMAGE PRODUCED 
IN DOGS BY XYLIDINE 

Joseph L. Svirbely,* A. Ralph SIoxaco,! and W illiaai C. Alfobdx 

Bethesda, ]\Id, 

S TUDIES concerning the comparative values ol different liver function tests 
on human beings/"’ eats and rabbits,® and dogs/ ■with references to the 
original methods, have been published during the past feu* years. Hepatic dam- 
age in the cats and rabbits cited mas induced by daily ingestion of selenium 
(from 0.1 to 1.0 mg. per kilogram) and, in the dogs, by small do.se.s of carbon 
tetrachloride several times a rveek. 

During the course of an inve.stigation carried out in this laboratory rrith 
various species of animals, it was found that jaundice and fatty livers were 
produced in cats and dogs by a moderately low concentration of sylidine, an 
organic amine ha-ving the formula CeH-CCHjloNH,. This report is concerned 
with the evaluation of varnous liver function te.sts in reference to their efficiency 
and practicability in permitting eaidy diagno.si.s in eases of experimentally in- 
duced liver damage in dogs. 


EXPERIJIENT.VL METHODS 


Thirteen adult female dogs weighing from 5,1 to 8.0 kilogi'ams were used 
as experimental animals. They had been dewormed, kept under observation 
for at least six weeks prior to the experimental period, and had .shown no signs 
of distemper or other respiratory infection. 

Seven dogs (Group I), of wltieh three were used a.s controls, wer-e fed a 
diet (Diet A) consisting of 46 per cent horsemeat, 46 per cent kibbled bi.scurt.s, 
J per cent Sure’s salt niixtirre.® and 4 per cent dried brewers' yeast. For com- 
parative purposes, six dogs (Group II), of which tlir-ec were ri.sed as eontroh, 
were fed a diet (Diet B) consisting of 30 per cent technical casein, 27 per cent 
cfackermeal, 23 per cent sugar, 9 per cent Crisco, 4 per cent Sure'.s salt mixture. 
J per cent dried lu-ewers' yeast, and 3 per cent cod-liver oil. The dous in each 
grnup received 20 Gm. per kilogi’om' of the assigned diet.s daily and .showed a 
Weight gain of approximately 0.1 kilogram weekly as long a.s they ate and re- 
laiiicd the food. As will be noted, the re.siilt.s of Die liver function tests and 
microscopic examination of the lir-er.s did not indicate any difference with 
respect to these diets. 
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Hepatic damage was produced by exposing the dogs (o a vapor-air mixture 
of xylidinc of a liigli degree of inn-ilA'. Tlic inludalioii exposures were of ap- 
proximalel}' six Jiours’ duration daih-, i\ronday liirougJi Friday. The average 
ealculalcd concentration of xylidinc in llie chambers was 0.42 ing. per liter 
(85 p. p. m.), while the average concentration as determined by ultraviolet ait- 
sorption was 0.22 mg. per liter (45 p. ]). m.). Vomiting, loss of aitpctite, weak- 
ness, labored respii'ation, and .ianndiee were the usual .symptoms observed. 
Weekly bematologic examinations i-evealed no marked changes. The .sinvival 
time for the majority of the eximsed dogs was a])])roximatcly four or five weeks. 
Death occurred within a week after definite signs of jaundice were noted (jaun- 
dice occurring about one or two weeks after loss of aijpetife). On refirsal of the 
dogs to eat the diet, forced feeding was ifislitiiled. Onl^' one dog in Group II 
was able to retain the food. Xo signs of jaundice were noted even after fifteen 
weeks of exposure, when it was .sacrificed and the liver found to be grossly 
nodular. Post-mortem examination of all the animals which died within five 
weeks showed marked jaundice around the limbs as well as the abdominal vis- 
cera, and the livers aiipeared j)ale and fatly. 

In general, the methods of .Smith atid a.ssociatcs" foi’ determining hepatic 
damage in cats and ra))bits were u.sed for Die bromsulfalci?!, rose bengal, and 
bilirubin retention tests. In Jill these exiicriments, 5 mg. of the dye (or bili- 
rubin) per kilogram body weight were injected intravenou.sly. Examinations 
of the dj'e in the plasma were made at five- and Ihirty-minule intervals for the 
bromsulfalein and rose bengal retention tests and at 5- and 320-minute inter- 
vals for the bilirubin retention test. Ail the estimations were made with the 
Fisher speelropholomcter using approi>rialo filters and control plasma solu- 
tions. The amount of intravenously injected substance per cubic centimeter 
of plasma obtained at the diffei-ezit time intervals was read from a calibration 
curve. The per cent retention of tlie dye was expre.s.sed in terms of the amount 
found at thirty minutes (the per cent retention of bilirubin being based on the 
amount found at the end of 120 minutes) as comi)arod to that foimd at five min- 
utes. Although some of the injected dye or bilii'ubin is removed from the blood 
stream -within the five-minute period, the per cent retention determined by the 
foregoing method tends to minimize the effect of variables, such as the total 
blood vmlume compared to the body weight, tlic hematocrit values, or possible 
inaccuracies in the administration of the dye or l)iliruhin. 

The method of Bodansky'’ was followed in determining the serum phos- 
phatase actmty. Urobilinogen in the twenty-four hour uzane .specimens was 
determined by the method of Sparkman*® following treatment of a sample of 
urine with freshlj^ prepared ferrous hj'droxide to reduce any urobilin as sug- 
gested by Schwartz and co-workers.** Values for icterus index were obtained 
b-v' the visual comparison of .saline-diluted plasma udth potassium diehroznate 
standards as outlined by Kolmer and Boerner.’- The prothrombin clotting 
time was determined in jdasma by the method of Quick*® using freshly prepared 
thromboplastin made from rabbit brain. The prothrombin time ratio was ex- 
pressed as the clotting time of the plasma of the exposed as compared to that of 
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tlie control animals. The direct and indirect van den Bergh tests were per- 
formed according to standard procedures.^- The albuinin-glohulin ratio and 
fibrinogen estimations were carried out as outlined by Reiner.^'* Prehminary 
woilc vith the cephalin-cholesterol test confirmed the observation of Hanger’^'’ 



Fig- 1. — Liver luncUon tests. 


that jnavkctl llocculation occurred in the scrum of normal dogs. For laboratorr 
animals, this test has been reported to be of value only in monkevs 


The various test.s were perfi.rmcd at least sixteen hours after tlie previous 
days exposure and feeding. All tests previously de.scribed wore performed 
once u week, except the ietenis index, prothrombin time ratio, and indirect van 
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den Bersh reactions Mliidi were determined twice weekly immediately after 
exposure. The urinaly.ses were done on Iwenty-l'oiir hour .si)eeimcns collected 
each morning, Tuesday througli Saturday. 

Itlicroscopie examination of tlie liver wa.s done after fixation in a 4 per cent 
formaldeliyde solution hufi’ered to pll 7. J’araffin .section.s were routinely stained 



%\dth hematoxylin-azure eosinate,’" the modified van Gieson stain for liemo- 
o-lobin,’® and the acidulated ferroc.ranide reaction for iron. Frozen sections were 
stained for fat according to the technique of Lillie and Ashhurn.’” Other special 
stains such as Mallory’s aniline blue collagen staiiF® and Laidlaw’s silver stain 
for reticulum^" were used as desired. 
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> ease of Do- 22 . on l>i. t 1’.. fho iiioileinto olr\;itioii of mtutii jiliasplmtnv,*. 
for tho fiiNl lo^o ?o n ninrln'ijly lii-li lovo] dtirin- llio rost oi 

)iO'>\iro ]>i‘rio(l. In Shis htStor period, the oilier t<sts eiliier returned to 
ninl or had deeieasid values, 

>fhr<nnhin Thiu /.’.iho. The ris.- in lln- piolhionihin time tatio (values 
:2 hoin- eonsidend ahnormal t m'lieially jiaralh'led the ineroasinfr rc- 
if hronisulfah in. exet jU in tlie rase of Do- 22. However, without siip- 
•'viilenee. the ineroases noted in the ratio durin- the first three weeks 
siifiieionl to he eonelusive. A marked iiieiejisi* in this ratio was iisu- 
i 3’rior to the death of the animal. v.h< n liver damn”e was indicated by 
icr test.s. Tliis lest js teehnieally more difiieull than the bromsulfnlein 
*ost, Wide variations in elottin- time ma.v oeetir unless the amount of 
led to the blood is en refill] v controlled 


'If VnmHnnpfn. This t»vst did not appear to he as .sensitive or n.s 
the bromsulfnlein retention le.st. Values execedin- the excretion of 
'.ay of uroi'iiino-en were eon.sidered .aimnrmni. Don.sidembie vairiaVinn 
n- the do-s reeardinv: the time rei|nired for exert'tinir hiirh amount.s 
-ecu. The data obtained indicated that spot analysis of the urine 
■'factory for urohilino-cn estimations. Kxeretion of nrobilinotren for 
i do"s rcaelied liich levels for one or two days and then returned to 
I'scful iiu'orm.ation with this test can only he obtained by daily analysis 
. -four hour samples of urine. 

den Bcrffh ffcoeffon. —This te.st was of little value in detecting early 
iivor damaao, the direct and indirect reaction being obtained onlv’ when 
' were jaundiced and near death. Bilimiiin i.s not found in the blood 
al dog.s, so appreciable amounts in the blond can only bo expected in 
; .severe liver dama-c, 

■'■rii.s Indcr.—ln Group I. the icterus index rose above the normal values 
ha the exposure period but did not reach hi-li values until death was near. 
*? in Group II were Ic.ss conclusive, and the test was considered inferior 
■ le of the others used, 

rfhrinoijtn and Albumin :Globulin Jiaiio . — Neither of these tests showed 
ages ■which proved to be statistically significant. However, there was 
• rally a decrease in fibrinogen prior to death of the animal. 


PATHOLOGIC EXAAIIX.VTIOX 

Dog 15, dying after ten clays, showed marked fatty metamorphosis in the 
ntral two-thirds of the hepatic lobules. 

The livers of Dogs 11, 14, 19, 20, and 23, dying within four to seven weeks, 
''rare preeirrhotie. This was characterized by patchy and periportal proliferation 
'Ji small basophilic spindle cells forming poorly marginated bands extending 
between adjacent portal areas and to the capsule. These cells formed strands 
or small tubules which at times closely resembled bile ducts. In addition, these 
bands had a few collagen and silver-positive reticulum fibers and were infiltrated 
by ceHs, chiefly lymphocjTes. 
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RESULTS AND DISCUSSION 

The data olitaiiied from the lesfs are slimvii in ]<'igs. 1 and 2 in 'wliich each 
value reprcsenis the average for all dogs surviving at tliat time. 

Tlic results of the liver fund ion lesls wliieli gave early evidence of licpatic 
damage are shown in Tables I and II. Since the tests were performed on definite 
days of the Aveek, some of the A-alues are mi-ssing during the last iveek of C-X- 
posure, due to tlic death or sacrifice of the animal. 

Bromsulfalcin licicniion Test . — This test Avas the most sensitive and con- 
sistent of tho.so studied. AVith the ]irocedurc folloAvcd in this experiment, it Ava.s 
concluded that, generally, I'etcntions up to 10 per cent maj- he cxjieeted in nor- 
mal dogs. Retentions from 10 to 15 ])er cent arc suggestive of liA'er damage, 
and those above 15 per cent are definitely abnormal. All of the exposed dogs fed 
Diet A shoAved high retention of the dye by the end of the .second Aveck, three of 
the animals (Dogs 11, 14, and 15) liaA’ing been in the suggestive range the pre- 
vious Aveek. Abnormal I'etention in Dogs 20 and 23, fed Diet B, occurred in the 
third Aveek and in Dog 22 during the fourth Avcck of expo.suro. The marked re- 
tention of the dye Avas noted .soon after the dogs could not retain the food. For 
Dog 22, Avhich I'otained its food, the abnormally high retention values reached 
the peak at the end of the sixth Aveek and ncA’er exceeded the high A'alues found 
in the re.st of the dogs.'' 

Hose Bengal Beteniion Tesi . — This test clo.sely paralleled the bronnsnlfalein 
tost. IIoAve\-er, the A'alues obtained on the control dogs A-aried more Avidely 
due to the difficulties in measuring dye concentrations in the presence of A’aiy- 
ing degrees of turbidity. It Avas found necessary to take initial blood sample.s 
for each dog prior to in.ieetion of the dye, the jilasma being used as the blank 
in the spectrophotometer. Retentions up to 15 per cent Avere considered nor- 
mal; 15 to 20 ])er cent, suggestiA’c; and aboA'c 20 ]ier cent, definitel.A* indicatii'e of 
liA-er damage. lA'y and RotlF* haA'e likcAvise rciiorfcd that the ro.se bengal test 
in the dog gave comparable re.sults to tho.se obtained by the bromsulfalcin test. 

Bilinihin liefeniion Test. — TJiis test Avas le,s.s sensitiA’e and more erratic 
than either of the dye tests. Generally, abnormal retentions (those aboA’c 15 
per cent) AA'ere not observed until one Aveck after the dye tests had indicated liA'cr 
in.iury. Due to the rapid excretion of bilirubin by dogs, the per cent retention 
seldom reached high IcA’els cA'en in cases of .severely damaged liA'ers. Drill and 
Ia'v" concluded that this test Avas of little A'alue in detecting Ih’er damage in dogs 
poisoned by carbon tetrachloride. Smith and associates' haA-e reported, hoAv- 
cA'er, an abnormal retention of bilirubin and of rose bengal in most of their 
chronically selenium-poisoned cats and rabbits. 

Scrum Phosphatase. — This te.st Avas found to be mseful in detecting liA'er 
in.iury. A moderate rise in ])hosphata.sc activity (values above 4 units per 
100 c.c. of serum being considered abnormal) Avas generally noted for all the 
do"s during the first Aveek of exposure. High elcA'ations Avere not noted until 
the fourth Aveek of exposure. In the absence of normal values for indiA-idual 
subieets, this test Avould not appear to be as conclusive in making an early diag- 
nosis of' liver damage as either the bromsulfalein or rose bengal retention tests. 
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111 the c:i'-o of Oot! oii IVut 11, tlii' uimh'iiilo oloMilitoi "i ‘ciiiiu jihcispliulasc . 
noted lor tiie fiiNf « inlit lo c fo a iii.'iilci'fil.' loic! duiiii'T tho K'<,! of 

llio oxiuKiiro pi'lioil 111 this latlot joiiotl, tln' olhor tf^ts I'Uhi'i' letiiriit'd to 
llieiioinial oi iiinl deou I'-t <1 v.ihii'- 

ri„th,"mhin 7'nn, /.o/io Tiio iIm- in liic inolluninliiii lime i.ilio (Million 
ul’o\o 1- heiii” I'oiisiili i‘i il almoiiiinn iiiiifi.iH^ j'ln.illolcil (Ik* iiieioiisinp; re- 
tention of hroniMilfnli in. i \<'( pi in Ilio < n'-a <'f line ‘J2 IIoucmt, v,it'’onl .stiji- 
portine cxithnee, the iiieiin^is noted in llio i.itio dtiiinir the fust tlireo wtclts 
wore not ‘.iifiieient to I'o ronidnsixo. A inniKod iiii'K.i'-o in lids intio ivns usu- 
ally notid jniof tti the dinlli of the aninml. when liver daniaere was indicated by 
all the other test^. This tost is tcehnically more eliHicnll than the broinsulfalcin 
retention test. ^Vide v mint ions in clot liner time max oeeiir unless the ainottnl of 
oxalate added to the blood is carefullx eontiolled. 

Friiinn/ ffiohi/iiioe/i n.— -'I’liis te.sf did not a))pear to bo as .sensitive or as 
reliable ns the bisxinsulfnleln n'tontion test. ValiU's cxeeidiim the excretion of 
3 mrj. per day of nrobilinoeeii xxeie eoiisideicd alnioimnl. Ponsidcraiilc variation 
existed anionir the do'.rs leeaidinir llie lime nspiind for e\ei(‘!iii;r hiph amounts 
of urobilinogen. The data obtained indiealod that s])of analysis of the urine 
is not satisfactory for nrobilino-jcn estimations. Kxcietioii of urobilinogen for 
individual dogs reaelicd liiuli levels for one or Ixxo dax.s and then rcluriicd to 
normal, U.scful information xxilh Ibis test can only be obtained by daily analysis 
of txxenty-four hour samples of urine, 

roll cicii lierffh I?cadion. — Tins test xvas of little value in delecting early 
bigns of liver damage, the direct and indirect renclion being obtained only xvhen 
the dogs were .iaundiced and near death. Bilirubin is not found in the blood 
of normal dogs, so appreciable amounts in the blood can onlx- be expected in 
cases of severe liver damage. 

Icterus Index. — In Group I, the icterus index rose above the normal values 
early in the exposure period but did not reach high values until death was near. 
Results in Group II were less conclusive, and the test was considered inferior 
to some of the others used. 

Fibrinogen and Albumin :Glohulin Folio . — Neither of these tests showed 
changes which proved to be statistically significant. However, there was 
generally a decrease in fibrinogen prior to death of the animal. 

PATHOLOGIC inC X JIIATATIOX 

Dog 15, dying after ten days, showed marked fatty metamoi-pliosis in the 
central two-thirds of the hepatic lobules. 

The livers of Dogs 11, 14, 19, 20, and 23, dying within four to seven weeks, 
were precirrhotic. Tliis was characterized by patchy and periportal proliferation 
of small basophilic spindle cells forming poorly marginated bands e.xtendin" 
between adjacent portal areas and to the capsule. These cells formed strands 
or small tubules which at times closely resembled bile duets. In addition, these 
bands had a few collagen and silx'er-positive retieiiliim fibers and were infiltrated 
bj^ cells, chiefly Iymphoc3*tes. 
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Sciiltei'ccl iJirovigli the ])arciic‘hyinR, often near the intei'portal bandsj there 
were groups of basopliilie regenerating liver ('clIs. An occasional cell in these 
gi'oups showed jrartial eytoplasinie oxyphilia. lloi-e often there were plugs of 
inspissated bile in tlic eanalieuli. 

ElsewJiere, tlie fnl-ladon liver <'ells weiv iisnally swollen, oxyphilic, and 
occasionally frankly necrotic. Ifeinosiderin, generall.v in small amounts, was 
present in scattered Kupffor cells and )e.ss often in hepatic cells. 

The liv(*r of Dog 22, killed after fifteen v'ceks, was giussly nodular and cir- 
rhotic. This was characterized, niicrosco])ieally, by coai'se fibrou.s traheciila- 
tions, irregularly traversing the liver, distorting the lobular architecture, and 
segregating nodules of l)aso])hilic liver cells. These bands contained small bik 
duels and were infiltrated by many cells, chiefly lymphoe^’tcs and lipochrome- 
laden macrophages. Occasionally, small groups of liver cells, .some of which 
were necrotic, were included in these bands. 

The livers of the control animals showed no significant changes. 

The other changes to he noted in the dogs dying within four to seven w'eelvs 
were the presence of a few i)ile easts in the renal tubules and hemosiderin in .scat- 
tered littoral cells, cspeeiallj^ in tlie splenic pulp. These changes Kcrc absent 
in the dog killed at fifteen weeks. 

SUJIMAUY AND CONCnuSTONS 

Xylidine at a moderatel.v low concentration is an effective agent in pro- 
ducing jaundice and fatty liver.s in dogs. With prolonged exposure, the livers 
pass through a prceirrhotic to a cirrhotic stage. lilicroscopic examination of the 
liver sliow'ed evidence of parenchymal damage with no evident impairment in the 
cells of the reticnlo-cndothelial sj'stem, since these retain tlieir function of 
phagocytosis of iron-positive pigment. 

Tlie hromsulfalcin retention tc.st was found to he (he most reliable one 
in detecting liver damage. The ro.se hengal retention test was almost as sensi- 
tive but had certain disadvantages which made it less desirable. 

The serum phosphatase activit.v and protlirombin time ratio were of eqtml 
value but less conclusive than the dj'e retention tests. 

The bilirubin retention and urinar.v urobilinogen excretion tests gave in- 
dications of liver injurj' hut were less consistent than the dye retention, serum 
phosphatase, or prothrombin time ratio tests. 

Icterus index determinations may he of some value wliereas the van den 
Bergli, fibrinogen, and albumin .-globulin ratio estimations do not appear to 
yield information early enough to aid in the diagnosis of liver injvuy. 

This order of etificienc.v agrees very well with the results obtained b.y Neefe 
and associates^ in their work on liver damage produced in hiunan subjects by 
administration of yellow fever vaccine and with the findings of Drill and Iiw‘ 
in carbon tetrachloride poisoned dogs. 

Acknowledgment is made to Mrs. Virginia B. Banff, for her assistance throughout this 
experiment. 
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STUDY OP iVBSORPTION PEOjM CBYSTALLINE INSULIN PELLETS 
AND SOLUTIONS AT VAEIOUS SIT’ES IN PABBITS 

Roukut C. Page*' axd Everett II. Lang 
Tuckaiioe, N. Y. 

T he study Jierein reported was initiated ])riinaril 3 - to detennine if absorption 
from insulin pellets varied at different sites of implantation. Insulin pellet 
implants have been reported;’’^ however, to our knowledge there is no infor- 
mation relative to insulin implants in the spleen. It was believed that .study 
of splenic implants would be of interest inasmuch ns the venous drainage from 
both the spleen and pancreas goes mainly to the liver via the portal system. 
Therefore, absorption from splenic implants would closely follow the route of 
normal endogenous insulin after its release by the pancreas. Any hepatic 
regulatory effect on insulin would be expected to play its part in absorption 
from splenic implants, whereas little or no effect from the liver would be ex- 
pected in the case of intramuscular or subcutaneous pellets. 

JIATERIAE AND METHODS 

Crystalline zinc insulin with a potency of 25.89 units per milligram was 
used throughout the experiments. Pellets were made by compressing the ma- 
terial as tightly as possible in a small mechanical hand press. The pellets had 
a diameter of approximately 2 mm. and a thickness of Vo to 1 mm. depending 
on the weight of insulin used. The rabbits used in the pellet implantation 
experiments were New Zealand Whites weighing from 3.5 to 4.5 kilograms. 
They were starved for a twenty-four hour period preceding tlie e.xperimcnt 
and during the blood sampling period, but water ^vas given. 

Sodium pentothal was used as the anesthetic. Each rabbit was given an 
initial intravenous injection of 2 c.e. of 2 per cent solution fairly rapidly. 
This resulted in light anesthesia. Additional amounts of sodium pentothal 
solution were then given slowly until surgical anesthesia was reached. The 
rabbits tolerated pentothal very well. Only one rabbit out of forty-one was 
lost from respiratory failure and that wms the third animal used in the series. 
The amount of 2 per cent sodium pentothal solution used varied from 2.5 to 
10 e.c. with an average of 4.9 c.c. per rabbit. 

The splenic implants were performed as follows. The upper abdomen was 
opened with a midline incision, and the spleen was brought to the surface. 
The arterial supply was clamped off lightly and a small incision made through 
the fibrous capsule. The pellet was then inserted deeply in the splenic pulp 
and the capsule closed with a single silk suture. The clamp was then removed, 
and the abdomen Avas closed Avith linen sutures. The skin Avas closed by metal 
clips. A bandage AAms Avrapped around the abdomen to preA^ent ti'auma to the 
Avound from the animal’s cL-iavs. 

From the AArellcome Rescnrcli Laboiatories. 
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The iut vi\uiu‘'euliu' poUetn Avero iiisortotJ iu the substdiico of lit*' Irfipezms 
musrlo, till’ tiinseli' inrisioii Avns *’l<>so*l willt n sill; siiltirr'. Tlic skill ivt- 
cisiou was closed ivitli iiieinl elips. Tin* siil'cuffiiicovis pellols ivcrt; inipluiilc*! 
iu the sonpulur uren. !\ii(\ the skin iueisimi wus closed with inelnl clips. Con- 
trols ivere run ivitli 5 o.c. of 2 jier cent sitdiuin pontotlinl solution to rule out 
any ctToct of the atic.stholic on tli*' ltloo*l .suirnr level. A .second series of con- 
trols wore run ii.sinp .slnrcli pellel.s iiiijilnntcd in the .spleen to rule out nny 
oftoct of the operative procedure on the Idotid suenr. Blood sninples Avere 
taken front the lunruin.'il vein of the ear just hefore the opernlion and at four, 
five, twenty-four, and thirty hotir.s after the iin]>lnut was made. Clucose de- 
tonninntions ivere made by tbe miero method of llauedorn-densen. 

A solution coutaluiuu aO unil.s t>er eubie eeiitimelor of the ery.stnllino in- 
sulin was made up in slipbtly acidulated water eontniuiuR 0.1 per cent phenol, 
A "roup of ton fn.stintr rabbits were injected subeutancously with 0.8 nnils 
each and a second pronp of ten with the smne amount intramuscularly. Blood 
.samples were taken before injeetion an<l at three-fourths, one and one-half, 
two and one-half, and four houns followinp iujeetiott. The croups were re- 
versed a week later. 

!ti:SUI>TS AND DISCUPSIOS 

The results of the pellet implnnt.s and anc.sthctic controls are shoim in 
Table land in Fig. 1. 

The sodium pcntothal solution given intravenously had very little effect 
on the blood sugar level. Blood sugar values at four and five hours ivere 
slightly but not significantly lower than before the anesthetic was given. 


TAI1I.K 1 


! 

EXPERtilEKtAL ' 

1 TOTAL ] 
i NUMBER 
OFANl- ' 
MALS IN 1 

enperi- ' 

DEATHS i 

WITHIN 1 

24 HOURS 1 

1 ] 
i 

deaths i 

rROM24TO 1 
48 HOURS ! 

KIM.KD 
INSULTS' 
SHOCK 
FROM 24 TO 
4S HOURS 

sur.nvAL 

aeter 

48 nouns 

PELLET SIZE 
fMILLICR.AMS) 

_Kiocr3o?.e 

1 KENT ' 

NO. \ (%) i 

NO. ( (%) i 

NO. 1 («7o) 

NO. I (%) 

variation 1 avepage 


Subcutaneous 
Intraffluscular 
Intrasplenic 
Starch pellets 
Intrasplenic 
I^cntothal 
^travenous 
5 c.c. 2 Per cent 


10 

8 

80 

0 


1 

10 

1 

10 

2.9 to 2.1 

2.56 

10 

4 

40 

0 


o 

20 

4 

40 

5.3 to 2.1 

3.07 

10 

4 

40 

1 

10 

1 

10 

4 

40 

6.5 to 3.0 

3.65 

5 

0 


0 




5 

100 

10.0 to 5.0 

8.00 

5 

0 


0 




5 

300 




The operation with starch implants intrasplenicaBy resulted in a moderate 
increase in the blood sugar in 80 per cent of the animals four and £re hours 
after the operation. All of the controls survived during the thirty-hour ob- 
servation period. The subcutaneous insulin pellet implants produced a pro- 
nounced drop in the blood sugar to an average value of 49.9 mg. per cent 
glucose at four hours and 46.4 mg. per cent glucose at five hours after tbe 
operation. Bight out of ten rabbits died in insulin shock within the twenty 
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four hour period followinff llie implanlation. Examination of the pellets after 
the death of the animals revealed that they had become very soft and, in sev- 
eral cases, had lost most of tlieir shape. 

The iirtramuscular insulin implants resulted in a decrease in blood sugar 
level to an average value of 60.6 mg. per cent glucose at four hours and 57.4 
mg. per cent glucose at five liours after the implantation. Pour out of ten 
rabbits died in insulin .shock within tu-enty-four hours of tlie operation. E.v- 
amination of the pellets, after the death of the rabbits, revealed that they 
retained their shape fairly well but were soft. The twenty-four and thirty- 
hour blood sugar levels on the six surviving animals were 23.4 and 11 mg. per 
cent lower than the initial value showing a definite liypoglyceinic action for 
at least thirty hours. 



Fig. 1. 


The intrasplenic insulin implants gave a hypoglycemic etfeet very similar 
to the intramuscular implants at the four- and five-hour periods, the blood 
sugars being 58.8 and 55.3 mg. per cent glucose, respectively. The twenty- 
four hour value (six rabbits) was 51 mg. per cent glucose, while the thirty- 
hour value (four rabbits) was almost 20 mg. per cent lower than the initial 
level. The splenic implants lienee gave a somewhat longer insulin release than 
the intramuscular pellets. There was very little change in the shape of the 
pellets in the spleen although they became quite soft. There was no evidence 
of any regulatory action by the liver on the insulin released from splenic 
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implant.s. Tlio result.'; (if iIk' itilnunuscular and MiliciilaMcdii.'! iiijccl imis arc 
sliowii in Taiilc 11. 'I’lic iwn and oncdialf iidnr valnc uitli llic intrnnin.scnlar 
injection is soincwhat liiuhcr tlian with tlu* snlKnitancnns injection. Tlicrc are. 
honever. no diffcrcncc.s lie? n-cen (lie (wo cnrvc.s eitlicr in (lie rai)idi(y of on.set 
or depth of the hyponlyeeiiiia. This result would indicate (hat the more rapid 
absorption from snUentaneons insulin iiellets is prolialtly due (o tneehanical 
factoi-s with a greater tendency for the sulientaneons pidlet to he disrupted. 
This is in aerei'inent with (he apiiearaiiee of the pellets after (he deaths of the 
rabbits. 

CONCI.r.-'ION.s 

Subcnlniieons insulin iiellet iinplanls in rahhits result in a more rapid and 
intense hypo'^lyeeniie action than intraniiiseiilar or intrasplonie implant.s. This 
i.s probably due to moehanieal factors that cause a more raiiid breakdown of 
the pellet. 

Intra.s])lenic insulin pellet implants produce a more prolonged in.sulin ac- 
tion than intramuscular imiilnnts. There is apparently no appreciable hepatic 
regulation on the insulin released from the splenic implants. 

There are no marked differences in the in.sulin aetimi in rabbits between 
intranuiseular and .subcutaneous in.iections with regard to speed of onset and 
depth of hypoglycemia. 
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THE NATURE OF THE ACTION OF DHIETIIYLAIMINOETHYL 
BENZHYDRYL ETHER HYDRO CimORIDE (BENADRYL) ; 
EFFECTS UPON THE HUMAN EYE 

Raymond Harris, B.S., M.D., Thomas Hodgk McGavack, B.A., JLD., F.A.G.P., 

AND IlERnnuT Elias, M.D. 

New York. N. Y. 

T he antihistamine action of Benadryl has been well established,’’'® and 
upon this mucli of its weaker antispasmodic cfCcct may secondarily de- 
pend.®* ®’ Because of its antagonism to the depressor and spasmogenic 
influence of acetylcholine, an atropine-like activity has been claimed.'* 

The drjmess of the mouth sometimes seen clinically may be a manifestation of 
this character. On the other hand, others have observed an increase in the 
pressor action of epinephrine," although this has not been confirmed at the 
bedside.'® Symptoms and signs of sympathomimetic action are conspicuously 
absent in patients who have taken the drug in quantities up to GOO mg. daily.'® 
No increase in pulse rate or blood pressure is evident; dryness of the mouth 
is rare; and palpitation has not been noted. " Jitteriness" and “inward nerv- 
ousness” are not only absent, but placidity and even drowsiness may occur;'® 
when the drug is given oraRy or intravenously, it causes no dilatation of the 
pupil of the eye.'° Effort has been made in the present study to extend the 
observations in connection with the oral administration of the drug and to 
record the effects of the alkamine ether following its topical application to the 
eye, thereby clarifying certain points regarding the fundamental nature of 
its action. 

METHODS AND RESULTS 

The Effect of Orally Adinmistercd Benadryl. — The pupils of twenty ambu- 
latory subjects, Avithout knoivn disease of the autonomic nervous S 3 *stem or or- 
ganic disease of the eye, were obseiwcd before, periodically during, and after 
the use of benadryl orally in daily doses of 150 to 400 mg. for periods of time 
ranging from three to twelve weeks. Throughout the period of studj*, a con- 
stant diet was used, other drugs were not employed, and normal freedom of 
the hospital ivards ivas alloived. Measurements of pupillar}* diameters ivitli 
an especially adapted millimeter ruler ivere carried out under constant con- 
ditions of lighting, while the attention of the patient Avas directed to an 
object, the character and position of Avhich did not Ami’y. 

No perceptible change in pupillary size nor in the ability of the subject to 
read a Snellen chart Avere observed in any one of these subjects as a result of 
the administration of benadryl. 

Prom the New A^ork Medical College, Metropolitan Hospital Research Unit. 

Read in part before a Research Session of the New York Academy of Medicine. June 5. 
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The Kfirct of TopiroUij AppUai nniadrpl.—Vor llirsc oxpcrimt'Til.s. sixty 
anibulntorj’ subjects wen* olu'sen nt random, save for the exclusion of anyone 
with nu organic disease of the eye or a clinically recognisable disturbance of the 
autonomic nervous s'ystcm. The ages of these individtials ranged from 21 to 
65 years. All applications were made to the right eye: the “fore” reading 
and readings jiindo on the left eye nil .served ns controls. At no time in any 
one experimcnl was the .sire or aeeoniniodntive capacity of the loft eye jier- 
ceptibly affected. One drop of a fresh 0.5 j)er cent aqueous solution Avas 
instilled at ten-second intervals for three doses, unless olherwi.se noted. All 
readings were taken nt 0-. 15-. and GO-minutc intervals, rc.spcctivcly, in relation 
to the in.stillation of the drug. 

The Influence of lirnadriil Alone: A definite increase in the size of the 
pupil was observed in forty-eight of the sixty subjects, averaging approxinmtely 
1.9 mm. nt the end of one hour (Tabic I). In the remaining twelve, no change 
was oh.scrved: the Avn.shing out effect of the excessive flow of tears may have 
played a part in this failure to react. 

A.s a rule, a maxinuiin dilatation w.as present by the end of an hour and 
had begun to dccrea.se quite noticeably within two hours. In only four patients 
was any dilatation still measurable at the end of twenty-four liours. 


T.U3i,e I, Cjiaxge,s z.v Vi.s-cai, Ari-.M:ATi;.s or .SaxTY .‘'un.mcrr.s Foai-OAvixT, ToriCAL 
Appi.ic.atiok or BrsAPUYi. (0..'; Pnr. Ck.vt .\QtT,or.s Soi.ctjox) 



iNmr.ASEn jx 

i>rcr.E.\,sr:i) ix 

uxcn.Axon) ix 

i^pillary size 

•IS 

0 

12 

'isnal acuity 

0 

12 

4S 

Accommodation 

0 

•i,3 

17 


Visual acuity, as determined by the Snellen chart read at a 20-foot dis- 
tance, Avas decreased in tAvclve subjects and imaltercd in forty-eight (Table I). 
Ao attempt AA'as made to correlate these findings AAuth the presence or absence 
of astigmatism. Capacity for accommodation Avas tested separately for each 
eye before and sixty minutes after the instillation of benadryl Avith the aid of 
a Prinz accommodation ruler and a Jaeger reader No. 3. In each instance, the 
chart Avas moA'ed tOA\'ard the subject at a uniform speed from an easy reading 
distance. The point at AA-hich the chart became blurred and Avas no longer 
readable AA'as accepted as the “limit of accommodation.” Both before and 
after benadryl, the results of from three to six readings vrere averaged to 
obtain the final figure recorded. Patients unable to give reliable results prior 
to the instillation of benadryl AA'ere eliminated from the experiment. Fortv'- 
three of the sixty patients shoAved a decreased capacity for accommodation. 
The average “limits of accommodation” for these forty-three subjects before 
and after benadryl were 10.3 and 13.1 cm., respectively. Corresponding figures 
determined for the entire group of subjects Avere 10.7 and 12.7 cm” respec- 
tively. • ’’ 

The Effect of Epinephrine Upon, the Action of Benadryl: In these and 
subsequent experiments, three drops of benadryl Avere used in the right eye 
Avhereas only one drop of each of the other solutions, respectively, was em- 
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ployed. Whenever a second agent was tested (unless otherwise stated), it was 
given first, and readings were made at 0, 15, and 60 minutes, respectively. 
Immediately after the sixty-minute period, the benadryl solution was added 
with additional observations at 75 and 120 minutes, respectively. 

The results of these and all subsequent experiments on the size of the 
pupil, for which fifteen subjects were used, arc summarized in Table IT. In all 
instances, tlie size of the pupils in the “fore” jicriod served as a control, and 
the diameter found has been expressed arbitrarily as 100. The “after” read- 
ings have been recorded as a pereentage figure of this “normal.” In six pa- 
tients benadryl and epinephrine (0.001 per cent) were instilled, one immedi- 
ately after the other, to a total of three drops for cacli. The total ensuing 
dilatation was no greater than witli benadryl alone but reached its maximum 
earlier, that is, in fifteen minutes rather than in one hour. 

The mydriasis folloAving a single drop of epinephrine was slight in degree 
and did not infiuenec the re.sponse to subsequently instilled benadiyl (Table II). 

The Effect of Jlomntropinc Upon the Action of Benadryl: One drop of a 
1.0 per cent aqueous solution of homatropinc sulfate caused an average inerea.se 
of 156 per cent in the size of the inqiil of the right eye of each of fifteen subjects. 
The subsequent administration of benadryl caused a small additional average 
widening (169 per cent) (Table II), although two of tlie fifteen patients did not 
respond at all. 


Table II. CoJiPAnisox or ErrECXs Urox PurnmAitv Size or Bkxadi'.w. axd OriiEr. Agents, 

Singly and in Comiii.vatio.v 


SUB- 

JECT 

XO. 

BENADRYL 

(0.5%) 

EClNEPn- 

RINE 

IICI 

(0.001%) 

EPIXEPH- 

KIXE 

HCi PEUK 
BEXABRYI, 

HOM- 

ATKOPIXE 

SO* 

0.0%) 

HOM- 
ATHOnXE 
SO, PLUS 
BEXABHYL 

rsnniNE 

so, 

(0.5%) 

ESERIKE 

so, 

PLUS 

benadryl 

1 

100 





25 

22 

2 

108 





33 

33 

3 

160 


140 

175 

200 

17 


4 

150 

100 

133 


175 


48 

5 

100 

100 



150 

38 

38 

6 

138 

110 

140 

120 


67 

07 

7 

127 

100 


167 

187 

25 

55 

8 

150 

113 

125 

175 

195 


63 

9 

120 

100 



105 

33 

42 

10 

125 

100 



147 


55 

11 

120 

100 


167 

177 

33 

33 

12 

140 

108 

138 

160 

166 

33 


13 

124 

104 

122 

ISO 

192 

57 

67 

14 

120 

105 


145 

103 

28 

44 

15 

123 

102 

119 

128 


51 

56 

Average 

127.0 

104.1 

124.8 

1.56.6 

109.1 

38.0 

47.6 


The Effect of Eserinc Upon the Action of Benadryl: Eserine sulfate, pref- 
erably tei-med physostigmine sulfate (0.5 per cent) produced a characteristic 
miosis in ivhich the average diameter of the pupi]lar.y aperture was reduced to 
38.0 per cent of its former size. In five of fifteen patients, the subsequent ap- 
plication of benadiyl, under the conditions of the exiieriment, had no influence 
upon the pupillaiy opening, but the average increase in diameter for tlie entire 
group was of sufficient magnitude to augment the size of the pupil from 38.0 to 
47.6 per-cent of its initial value (Table II)- 
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('oNci.rsioN 

Wliilp certain variations oi' the )*rovi(Hisly mentioned j)roiM'<inres nii'pilit 
permit more aeonrate ineas\ireine)its of the efteets of henadryl n])on the eye, 
the results of the d<'sai:e. time of a]']ilieation. trecjuency ('f ohservation, and 
methods of measurement arbitrarily emjiloyed hav<’ afforded <lata capable of 
clear iutcrj'retation. Tlie imrtinl jmralysis of aeeommodation, tin* sHtiht in- 
hibition of the miosis caused by e.serlne. and the furthering effect of henadryl 
upon the mydriasis prothieed by epinephrine and ntroi)ine all s( cm to ])()int 
toward an atropine-lihe or vanai-j'aralyrant «>ffect of henadryl wlnui toineally 
apjdied to the eye. 

.srMMAin 

1. Orally administei etl dimethylaniinocth.vl lien/.liydi'yl etliei' li\ droeldoridc 
(henadryl) in dnsos up to 4(t0 nni. <laily does nf>t influence the size of tin; puptil 
of the eye. 

2. Benadryl tojneally a]iplied to the bulbar <*on.innetiva in 0.:) per cent 
aqueous solution onuses ^vithin fifteen minutes a modor.ate mydriasis of readily 
measurable proportions-, this hccomes maximal avithin one hour. The capacity 
for accommodation is simultaneously decreased. 

3. Epinephrine accelerates the action of henadryl upoti the }uipil but under 
the conditions of these exiierimcnts doe.snot increase its intensity. 

4. Benadryl furthers the inydriatic effect of liomntroi)ino and Ic.ssens the 
miosis produoed by c.scrinc. 

o. The pYobablc nature of the ocular action of henadryl is mentioned. 
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LABORATORY METHODS 


rOXSTANT FI.OW (JASS^lXn CHAMBFUJ^: I’KlXfUPIiES 
1XFLUKX(BN(; IBCSICN AND ( d’KlJATK )N 

S. D. Su.vi:i:. I’n.D, 
l''i>(ir.\V(i(»n AKsr.NAJ-. Mi>. 

INTKDIircTION 

A lthough (lyniimic (or coiistnut flow) fli.'inihci-s for the cxporitnciitul 
iinssini: of aniinnls <>r luiinnn sohjods ii:ivo lucii dpsoi'iijoil i)rcviou.sly,’'’'^ 
thp liasie ])rin(‘ipl('s uiidorlyiiiir (ho ojii'nilionnl holwivior of such cliaiiibcrs liavc 
not boon disoiis'^cd. It is (lie (Hirposo of (his jiajior (o present siicli a diseiissioTi. 
Kxperimen(al data for various eases are trivon in verifieation of the principles- 
doscribed. 

nr-scRiiTivn 

A dynamic ebamher is one throueh Avliioh air is continnously dra\\-n at a 
fixed rate. The agent to he investigated is introdnecd into the aflliient air as 
<1 vapor, smoke, dust, or foe. Animals to he cximsed ai" introduced into the 
chamber through a door, after (he de.sired concentration i-.as been cwtablLshcd. 
The constant stream of aii- through (he ebamher renews the oxygen supply for 
the animals and removes the exhaled moisture and earhor. dioxide. Concentra- 
tions may he maintained by this system with comparative ease. 

However, it is essential that the agent he di.spersed at a constant rate 
through the jicriod of operation. The upper limit of concentration obtainable 
is fixed by the physical characteristics of the dis.seminatcd chemical and the 
method of di-spei-sion. A discussion of methods or apparatus for the di.spersion 
of agents in various states is not within the scope of the present report. 

The flow of air through the chamber is maintained by a pump, usually in 
the effluent line, and is measured by an accurately calibrated orifice meter, 
rotameter, or similar device. To insure an even air flow, buffer tanks may be 
installed to eliminate the effect of pump pulsations. Since with the pump in 
the effluent line the pressure ^nthin the chamber is always slightly less than 
atmospheric, leakages outward from the chamber cannot occur. Thus, extremeh- 
toxic compounds can be biologically assayed without danger to the experimenter. 

ESTIXIATION OF CONCEKTR.^TION' 

Concentrations of agents in the chamber may be either calculated theo- 
retically or determined by analysis. The theoretical or “nominal” concentra- 
tion, as it has been called in Chemical "Warfare Service laboratories for many 
years, is calculated from the quantity of agent introduced into the chamber per 
minute and the rate of air flow through the chamber, as follows ; 

^seminal coacentration in milligrams per liter = agent flow in milligrams per minute 
— air flow in liters per minute 

From the Gassing and Analytical SecOon, Medical Division. 
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The validity of such nominal concentrations depends on tlie accuracy of 
measurement of both the rate of flow of the agent into the chamber and the rate 
of flow of air through tlie cliamber, fihvaijs provklrd that both of time flows art 
constant. 

The analytical concentration is measured by chemical or physical analysis 
of a sample of air drawn from tlie chamber. If the collection of the sample is 
complete and the method of analysis accurate, the analytical concentration is 
the actual concentration within the chamber at the time of sampling. Lack of 
agreement between the analytical and nominal concentrations may be due to 
one or more of the factors discussed herein. 


EQUILIBRATION 

AVhen a vapor or gas is introduced at a uniform rate into a chamber through 
which there is a continuous flow of air, the concentration within the chamber 
increases until it is practically constant. If it is assumed that perfect mixing 
with the chamber air occurs, the concentration at any time may be calculated 
by the follovdiig modification of the usual ventilation efpialion*^: 

C = (3 - e'^) (1) 

h 


Where f' = the concentration in milligrams per liter at time 1 
w = milligrams of agent introduced per minute 
a == the volume of the chamber in litei's 

b == the volume of air passing through the chamber each minute. 

The percentage of the desired concentration ^ obtained in time t is then 
given by^: 

Per cent = 100 (1 - e ~) (2) 

Prom Equation 1, it is apparent that the chamber concentration, at first, 
rises rapidly and then approaches a constant value at infinite time. Conse- 
quently, for practical purposes, animals may be introduced into the chamber 
when the concentration reaches 99 per cent of the theoretically constant value, 
since the rise in concentration from that point is less than 1 per cent for any 
finite exposure pei'iod. The time required for equilibi'ation of the chamber 
to 99 per cent may be calculated by setting Equation 2 equal to 99 : 


-lit 

too (1 - e~) =99 


or 


-bt 

e • 


100 - 99 
100 


0.01 


which when transformed into logarithmic form, becomes : 

’ bt 

- — = In 0.01 == -4.6052 
a 


= 4.6052 ^ 


and 


(3) 



Constant n.ow c.assino, cnAMur.KS; ano oi>i:i!\tion 


llor) 


Thus, if the size of tiie ehnmi)ci’ (a) and (he rate of air flow (b) arc known, 
the time for reaching: Hf) i)er cent of the theoretical concentration at infinite time 
can he estimated easily from Equation 3. 

This equation may be given the general form : 


where x == per 
constant. 



(4) 


cent of nominal concentration attained in time t, and K = 


a 


Values of K for various values of x are 


X 

K 


4.605 

05 

2.996 

90 

2.303 

85 

1.S97 

SO 

1.609 


Experimental verification of this jirinciple is presented a.s follows. 

In one series of experiments, chlorine was introduced at a constant rate 
into a 629 liter chamber, ojieratcd at three different constant air-flow leve].s, 
125, 250. and 500 litei-s per minute. Samples were drawn at i-egular intervals 
and analyzed until three analyses coincided. In Table I a comparison is made 
between these analytical eon cent i-ations, expres.sed as percentages of the final 

Tabix I. Time to Re.\cu Constant Concente.\tion in 029 Litee Chaaibee 
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concentration, and tlie tlicoretieal per cent of tlie constant value concentration, 
which should be reached at the time of sampling, as predicted by the use of 
Equation 2. The results, given in Tabic I, showed a elose agreement Iretwcen the 
observed and calculated values. 

In another scries of exjrcriinents, dichlorodicth}-! sulfide Avas dispersed into 
a 20.000 liter chamber which was operated at an air flow of 3,600 liters per 
minute in Table II, the actual per cent of the final concentrations found by 
sampling at regular inter\'als arc compared with calculated values, as in Table 
I. The observed and calculated percentages also showed close agreement. 


T.able it. Tijie to Pe.acii Coxst.axt CoKcnsTn.ATio.s' i.v 20,000 Liter Chajiber; 
Air Feoav, 3,G00 Liters Per Mixute 


TIME 

(MIXUTE'i) 

rrn cent 

FlX.AI, rOKCENTI’.ATiOX 

FOUND 

1 CAT.CULATED 

o 

.13 

30 

5 

57 

59 

S 

77 

7G 

11 

sc 

sc 

14 

1).'{ 

02 

17 

07 

95 

20 

07 

07 

23 

100 

00 


It may be seen from Equation 3 that t^j is independent of any prewous 
concentration level in the chamber. Therefore, for any fi.vcd ciiainber volume 
and air flow, the time required for a change from one state of equilibration to 
another is always the same. It is thus obvious that t^j, for clearing the chamber 
after stopping the flmv of agent, is identical Avitli the ton for establishing the 
concentration. Moreover, if the concentration in the chamber is changed after 
equilibration, the time for attaining the new level also is the same as the 
equilibration time. 

For loAv air flows and liigh sampling rates, the rate of sample collection 
should be added as a correction to the chamber air flow for the most accurate 
calculations of equilibration time. Howet'cr, Avhen tlie sampling rate is less than 
1 per cent of the air floAv, this correction may be considered negligible and ean 
be omitted. 

Ideally, after equilibration, the analytical concentration should approx- 
imate the nominal concentration. Actually, perhaps because of surface effects 
within the chamber, there may be a significant discrepancy. 

.SURPACn EFFECTS 

The inteinor surface of the chamber to AA'liieh the agent is exposed may 
lower its concentration because of absoriJtion, adsorption, or cliemical reaction. 
An illustration of surface effects is ghmn by the following experimental data. 
Concentrations of chlorovinyl diehloroarsine Avere established in a 386 liter 
chamber operated at 250 liters, per minute. After equilibration, samples Avere 
collected and analj’zed by^ iodometric titration. In one series, the interior sur- 
faces of the chamber Avere coated AAotli a cellulose acetate lacquer. In another 
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scries, the surfaces ■were covered with a “corrosion-proof” lacquer.® The re- 
sults are given in Table III, which shows that the cellulose acetate coating 
caused a much greater decrease in concent I’ation than did the “corrosion-proof” 
lacquer. 


T.vnij; in. ErrncT or Tvri; or Scuf.we on CiiA.Mma: Concentkation Agent, 
CiiEonoviNyi, DiciiLonoAn.siNE 




AVEP.AGE NOMINAL 



Nu.MHEn or 

CONCENTT.ATION rOUND 


SURFACE 

Exrr.niMEKTs 

(PEP. CENT) 

S.D. 

Cellulose aeetate 

s 

13 

±9 

Cotoid 

30 

93 

±5 


This effect may he minimized hy selection of the proper surface for each 
agent to be used in the chamber. Thus, the interior may be glass- or enamel- 
lined or lacquered. For most compounds, a corrosion-resistant lacquer is suffi- 
cient to prevent appreciable loss of concentration. However, it should be empha- 
sized that the presence of even small surfaces of rubber Avill decrease the con- 
centrations of certain organic vapors to a marked degi'ee. For example, a 1 
foot section of % inch nibber tubing in the sampling line completely absorbed 
the chloro\-inyl dichlorarsine in a 10 liter sample containing 0.25 mg. per liter. 
The same sized section of rubber tubing throAvn into a gassing chamber reduced 
the concentration of the same compound in the chamber by about 20 to 30 per 
cent. Similar effects of rubber have been noted with diehlorodiethyl sulfide and 
other organic sulfides. In this laboratorj*, all rubber surfaces in the chamber and 
sample collection line are either coated with lacquer or are eliminated by using 
either ground glass joints or glass to glass connections in assembling sampling 
lines. Inasmuch as the type and extent of interaction of surface upon any par- 
ticular agent cannot be predicted, it is necessary to make analytical-nominal 
concentration comparisons to ascertain this effect before any experimental 
gassing is performed. 

The magnitude of any surface effect depends on the quantity of surface 
exposed per unit volume and is governed by the shape and size of the chamber 
and the presence of extraneous interior surface. The surface/volume ratio is 
a function largely of the size and shape of the chamber. A spherical chamber 
has the smallest surfaee/volume ratio. However, a cubical chamber is more easilv 
constructed, and since it has a lower surface/volume ratio than the other rec- 
tangular shapes, it is the preferred form. Since the surface/volume ratio of 
either tj-pe of chamber is inversely proportional to the cube root of the volume 
it decreases as chamber size increases. Obviously, protuberances and extraneous 
apparatus or accessories such as fans and lights, within the chamber which 
increase the surface/volume ratio should be avoided wherever possible. 

Fans, often used as a means of promoting even distribution of agent in the 
chamber, have been found unnecessary in this laboratorj-. The air°flow itself 
tends to produce a completely satisfactory distribution, even in the absence of 
miring bowls or other premising devices, as shown by the foUowino- data taken 
from work of "Wells.’- ° 


•Cotoid. Lltheow Corporation. Chicago. 111. 
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A concentration of chlorine was establislicd in a 629 liter cnhic chamber op- 
erated at an air flow of 500 lifers i)cr mimile, Sainj)le.s were laken from nine 
locations, identified by nnmbor, ■within the chamber. Sampling: point 1 wa.s the 
center of the chamber, while the other cishl points were the eight corners. A 
series of experiments was performed in which samples were drawn simul- 
taneously from point 1 and one other ])oint, after equilibration. Concentra- 
tions were calculated from the results of iodometric analysis. It was found that 
the concentration in the corners was the .same a.s- that in the center of the chamber 
for any given samjfiing time. The result.s are given in Table IV. 

Table Di.sTiiruUTio.v or Ciiloki.vi; ix Cox.staxt Plow Ciia.mhei: 

I I coxcr.KTnATiox chi.ouike rorsn 


UUN’ XO. 

i KAMl'IilKO IMMKTS | 

( MII.I.Km.VMS 

1 

1 

0.97 


.1 

0.96 

i> 

T 

0.94 


o 

0.94 

;? 

1 

0.97 


;! 

0.98 

4 

1 

0.98 


.3 

0.97 

r, 

1 

0.97 


4 

0.97 

(! 

3 

0.98 


4 

0.97 

7 

1 

0.97 


. o 

0.97 

S 

1 

0.98 


.”> 

0.9S 

0 

1 

0.97 


6 

0.97 

10 

3 

0.98 


(i 

0.98 

11 

3 

0.97 


7 

0.97 

12 

3 

0.97 


7 

0.97 

13 

3 

0.97 


8 

0.97 

14 

1 

0.97 


8 

0.97 

15 

3 

0.97 


!) 

0.90 

16 

1 

0.97 


9 

0.97 


RELATION OP DOOR SIZE TO AIR INLET 

Concentration losses may occur if the cliamher air inlet is too small in rela- 
tion to the size of the door. 

■When the door of a gassing chamber is opened, air enters through the door 
as well as through the inlet. The proportion of the total air entering the chamber 
through these openings is governed by their proportional cross sectional areas 
and may be calculated. 

One of the small animal chambers in this laboratory has a circular air inlet 
2 inches in diameter (cross-sectional area = 3.1 square inches) and a square 
door measuring 7 by 7 inches (cross-sectional area = 49 square inches). When 
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the door is opened for inserting or willidraAving animals, 6 per cent of the 
chaniher air flow cntei's the inlet, and 94 per cent enters the door opening. This 
particular chamber is usually operated at an air flow of 250 litere per minute. 
Thus, during the time the door is open, 235 liters per minute enter the door and 
15 litci-s per minute enter the inlet. If an agent is being vajiorized by means of 
air or inert gas. or is being dispersed in the gaseous slate, the agent flow is 
limited to 15 liters per minute. Any flow in e.Ncess of that is not drawn into the 
chamber but is blown back into the room. 

Although in actual operation the door of tlie chamber remains open only 
a brief period of time, this factor has an important influence on chamber be- 
havior. Since the time reciuired to restore the concentration to its previous 
level is the same as that for the orininal equilibration, a significant deerea.se in 
chamber concentration may cause serious errors for short exposure periods. 

To promote turbulence and good mixing in the chamber, the agent inlet 
should be small enough to insure a rather high rate of linear flow. This limits 
the door size to a maximum ero.s.s .sectional area dctei'mined by the desired agent 
flow and the chamber air flow. With higher rates of air flow, larger doors may 
be permitted, but the ease of setting up concentrations is thereby decreased 
because of the attendant nece.ssary increase in rate of agent volatilization. 


effect of ANlMAr..S OR .SUUJKCT.S 


•• Animals or sub.iect.s within a chamber have an effect ujDon the concentra- 
tion because of the additional surface pi‘e.sonted. This is demonstrated by the 
following experiments. 

Clothed and naked men were exposed to vanous established coneentrations 
of diehlorodiethyl sulfide vapor in a 20,000 liter chamber operated at an air 
flow of 3,600 liters per minute. The entry of the men into the chamber caused 
an almost immediate drop in the concentration which then remained for the 
duration of the exposure (from 10 to 120 minutes) at its new lowered level. 
The concentration drop was much more pronounced with clothed men than with 
naked men because of differences in the nature and quantitj- of the added sur- 
face. The data are presented in Table Y. 


DEESS 

Clothed 

Clothed 

staked 

leaked 


Table V. Coxcextratiok Drop Dve to Surface of Subjects 


number of 

SUBJECTS 

NUMBER OF 

experiments 

AVERAGE 

concentration 

DROP 

( PER CENT) 

4 


29 ?. 

5 

29 

26.7 

5 

13 


8 

10 

ll.S 


COXCEXTEATIOX 

DROP 

PER SUBJECT 
(pep. CEXT) 
0.6 
5.3 
1.6 
1.0 


Table VI. CoxcEXTr.ATiox Drop Dl-e to Surface of Axiaials 


xuiCBEB OF Mice 
20 
10 


KUilBEP. OF 
EXPEP.IMEXTS 

o 


AVEPJ.GE 

coxcextfatiox drop 

(PEP. CEX T) 

17 ^ 

10 


COXCEATR-tTIOX DROP 
PEE MOUSE 
(pep. CEXT) 

0.9 
1.0 









In another series of experiments, placing mice in a 3SG liter chainbcr op- 
erated at an air flow of 250 liters per minute, produced a drop in the previously 
established chamber concent rat ion of ehlorovinyl dichlorarsine. The results 
arc shown in Table W. 

To minimize surface effects due to animals, the volume of the chamber 
sliould be large compared with the volume of the animals exposed. It has been 
found in this laboratory tbat excc.ssive concentration lowerings occur when the 
volume of the animals is more than 5 ))er cent of the chamber volume. 

The rate at which animals or snl).ieets enter the chamber may also cause a 
drop in the concentration. The volume of animal or subject entering per unit 
lime must be less than the volume of air enterine: the dooi’. if disi)laeement of 
chamber air into the laboratory is to be avoided. 

Some examples will illustrate this point. In a large chamber used in this 
laboratory for human exposures, at an air flow of 4,000 liters per minute, 98.3 
per cent or 3,932 liters per minute enter through the door when it is opened. 
This is equivalent to G5.5 liters per second. An average man. having a volume 
of about 70 liters, would therefore enter in not Ir.ss than 1.07 .seconds. In usual 
practice, about 1.5 seconds are allowed for each man entering the chamber. 

A smaller chamber used for cxposur&s of small animals is usually operated 
at an aii’ flow of 250 liters per minute. "When the door is opened, 4 litere per 
second enter the door. Twenty mice, occupying a volume under 0.5 Titer, can 
be inserted in as quickly as 0.125 second nithout displacing the air. How- 
ever, six rabbits, with a volume of about 12 to 15 liloi’s, must.be introduced over 
a period of from three to four seconds. 

DISCUSSION 

Serious errors in gassing experiments may be made if c.xposures are initi- 
ated before equilibration. Probably the greatest contributor to such errors is 
a misinteiqiretation of the term “air cliange.” An “air change” is said to 
occur when a volume of air equal to the volume of the chamber has passed 
tlirough the chamber. However, one “air change” does not completely renew 
the chaimher air, but, from Equation 2, should change the concentration within 
by only 63.2 per cent. From Equation 3 it is obvious tbat the time for one “air 
change” must be multiplied by a factor of 4.605 before even 99 per cent of the 
expected change can be accomplished. The term “air change” is therefore mis- 
leading, especially to the uninitiated, and should be eliminated from gassing 
terminology'. 

It is hoped that this exposition will be of help to those who have noted 
apparently irregular behavior in gassing chambers. A Icnowledge of the prin- 
ciples previously discussed should clarify 'many of these anomalies. The way in 
■which concentrations build up has been discussed, and emphasis is to he placed 
upon the importance of the equilibration time. Ho-n'ever, the effects of other 
factors on concentrations after equilibration cannot be neglected and may' cause 
considerable deviations from calculated results. It is therefore necessary that 
regular analy'ses of chamber concentrations he made for the constant infoma- 

tion of the operator. 
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SUMMARY 

The principles discussed in this paper may be summarized as follows : 

1. The air flow through the chamber influences: 

(a) The time for equilibration to 99 per cent of theoretically constant con- 
centration. 

(b) The concentration which can be established for any given agent. 

(.c) the speed at which animals or sub.iects may be inserted, 

2. The size of the chamber influences : 

(a) The time for equilibration. 

(b) The loss in concentration due to surface effects. 

(c) The number of animals or subjects which can be exposed at one time. 

3. The diaractcr and quantity of the interior surface of the chamber in- 
fluence the loss in concentration due to surface effects. 

4. The shape of the chamber influences the surface/volume relationship, 
and thus the loss in concentration due to surface effects. 

5. The relative areas of air inlet and door opening influence the m aximu m 
rate of agent dispersal. 

6. The number and size of the animals influence: 

(a) The rate of insertion of animals into the chamber. 

(b) The loss in concentration due to surface effects. 
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THE SBIPLE ESTDIATION OF BLOOD KETONES IN 
DIABETIC ACIDOSIS 


Robert M. Dumm, JI.D., and Reginald A. Shipley, M.D. 
Cleveland, Ohio 


I T CANNOT be loo stronglj' einpliasized that diabetic acidosis demands early 
diagnosis and prompt treatment. Occasions arise ivlien clinical appraisal of 
the patient is inadequate for positive diagnosis. Emergency determinations of 
blood glueose and earbon dioxide combining power are sometimes employed. 
-V high blood sugar level, however, is not diagnostic of acidosis, and a reliable 
iletermination of CO; is not always obtainable in an emergency. Because there 
is a parallel between the blood ketone level and the severity of diabetic acido- 
sis. a simple clinical method for the estimation of blood ketones would be of 
distinct value. ’ ■ 

Routinely, the urine is tested for acetone and diaeetic acid. Several 
authors have suggested the use of a dry powder for the qualitative detection 
of these compounds.^'^ A drop of urine added to the powder gives a prompt 
and distinctive purple eolor when acetone is present.® There are a number of 
diabetic patients whose disease is severe and who frequently .show large 
amounts of sugar in the urine. Under the influence of a slight infection, these 
patients may rapidly develop a diabetic acidosis. Since the early detection 
of ketonuria, when followed by prompt therapy', ■will do much to prevent the 
onset of clinical acidosis, we have found it worth while to provide the patients 
with more severe diabetes in our clinic Avith this powder. The test is simple 
and inexpensive and need only be u.sed Avhen the routine test for .sugar indi- 
cates excessive glycosuria. 

We hai'e studied the application of this test to the determination of blood 
ketones, and it has been found that the same color reaction wijl appear Avhen 
serum of a high ketone content is added to the powder. The minimal blood 
level of total acetone bodies giA'ing a definitely positiA'c test is approximately 
10 mg. per 100 c.c. as determined by the method of Shipley and Long.'* Thus, 
the test can quicldy be made quantitative by the successhm dilution of serum 
Avith distilled Avater. The last dilution to give a positive reaction, Av'hen multi- 
plied by ten, AA'ill give the blood ketone leA’el Avithin an accuracy of plus or 
minus 10 mg. per 100 c.c. For example, if the undiluted serum has been shoAAm 
to give a positive test, then 1 c.c. is mixed AAdth an equal amount of Avater. If 
a positiA'e reaction is still present, additional poi-tions of Avater are added until 
the test becomes negative. In a giA'en sample, the last positive dilution might 
contain 1 c.c. of serum and 6 c.c. of AA-ater. This AA-ould represent a dilution of 


From the Lake-sidc Hospital and the Department of Medicine. AVestern Reserve University 
School of Medicine. 

Received for publication, July 2, 1946. 

•Our own formula for the powder has been: 

Sodium nitroprusside. 1 Gm. (very Unely ground) 

Ammonium sulfate, 20 Gm. 

Anhydrous sodium carbonate, 20 Gm. 


The three ingredients are mixed completely but are not ground together. Tlie compound 
oVirmld be kept drs' at ail times. Stability has been shown to be complete for over one year, 
snuuiu V performed by placing a small pinch of the powder, 5 mm. in diameter, on a 

fitter naner One drop of urine or serum gives a prompt violet color reaction which JS 
IbsOTbed into the paper and which may last for several hours. . 

apsorwu f‘^go*;,^ewhat similar composition is available commercially. 
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1 part in 7, and tlic result ■would be approximately 70 mg. per 100 c.c. If only 
one drop is removed after each succeeding dilution, the error introduced by 
Arithdrawal of the te.st sample will be less than 5 per cent. 

The value and relative accuracy of this simple test have been shown in the 
diagnosis and treatment of diabetic coma at Lakeside Hospital. It has been 
the practice recently to folloAV the blood ketone levels during active therapy 
in diabetic acidosis. In some twenty-five instances, the values of the simple 
spot test have been shown to correspond to the more accurate simultaneous 
micro determinations Avith an error seldom exceeding 10 mg. per 100 c.c. The 
range covered has been from 0 to 100 mg. per 100 e.c. It is time that the micro 
test determines total ketone bodies aa’IiHc the test AA'ith the poAvder measures 
only acetone and diacetie acid, yet the numerical A’alues have been A-alid in the 
range mentioned. This accuracy has been so consistent that it has become 
routine to use the test AA'hen there is any doubt as to the severity of ketosis. 
By A-irtue of its rapidity and simplicity, it has proved more valuable than the 
emergency determinations of CO 2 combining poAver in providing immediate 
laboratory confirmation. 

In the diagnosis and treatment of diabetic acidosis, the folloAving seems to 
be AA'orth emphasis. AYitli a tATiical history and findings, diagnosis presents no 
problem. Often, hoAvcA-er. the history is not typical. IMore important, the 
presence or absence of acetone in the urine may not indicate the actual blood 
ketone IcA-el. It has been pointed out that in renal failure, ketonuria may be 
minimal in spite of severe ketonemia. Furthermore, in patients AAuthout renal 
failure hut AA'ith diminished kidney function, the thre.shold for ketone excretion 
may be abnormally high. Thus, the prcAriously mentioned test which measures 
blood ketone levels Avill be considerably more useful than a test for acetone in the 
urine. It has also been valuable in quickly separating ti’ue diabetic acidosis from 
those eases in Avhich a poorly controlled diabetes has been accompanied by a sur- 
gical abdomen, by vomiting, or by coma from other causes and in which blood 
ketones have not been high. In these latter cases, the vigorous therapy de- 
manded in true diabetic acidosis is not needed, and the necessary surgical 
therapy can proceed promptly. Ketone leA'els in these cases seldom exceed 
20 mg. per 100 c.c., while those of diabetic acidosis are invariably over 50 mg. 
per 100 c.c. 

SUMMARY 

Acetone bodies in serum may be estimated Avithin an error usually not 
exceeding 10 mg. per cent by the use of a simple technique employing a nitro- 
prusside powder. The method is particularly useful for the prompt differen- 
tiation of minimal ketonuria due to minimal ketonemia, as contrasted Avith 
cases of a high renal threshold resulting from depressed renal function in 
AA'hich minimal ketonuria may he associated Avith scA-ere ketonemia. 
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BOOK REVIEWS 


Dio Gnmdlagen iinsorer ErnShnmg und unscrcs Stoffwcchsols. By Emil Abderhalden, Pro- 
fessor an dor TTnivcrsitat Zuricli. Srcdizinsclicr Vering Hans Hubor, Born, 19iG. 
Paper, 202 pages. Price Pr. S.50. 

Zur Physlo-Pathologie Dor Nlcrc. Bj’ Dozent Dr. med. Otto Spiililor, Oberarzt der Med. 
Eniversitiits-Poliklinik Ziiricli, niit einem Vonvort von Prof. Dr. med. P. H. Bossier. 
Medizinischer A’^eriag Hans Huber, Bern, iOiC. 2-lS pages with 22 illustrations. Cloth 
binding, Pr. 17.50; cardboard binding, Fr. 1.5.C0. 


ANNOUNCEMENT 


The first session of the Pathology Study Section of (ho National Institute of Health’s 
Eesearch Grants Division ivas held at the Institute in Botlicsda, Jld,, on Aug. 10, 1948. 

The Pathology Study Section, Tvhich is one of more than twenty groups of outstand- 
ing consultants admsing in tho whole field of medical research, is comprised of the follow- 
ing men; Dr. Paul Cannon, Chairman, University of Chicago, Chicago, 111.; Dr. IV. A. 
DeMonbreun, A'^anderbilt University, Nashville, Tcnn.; Dr. "W. H. Feldman, Mayo Founda- 
tion, Eoohestor, Minn.; Dr. W. D. Forbus, Duke University, Durham, N. C.; Dr. H. Gold- 
blatt. Cedars of Lebanon Hospital, Los Angeles, Calif.; Dr. J. S. McCartney, University 
of Minnesota, Minneapolis, Minn.; Dr. A. E. Moritz, Harvard University, Boston, Mass.; 
Dr. A. Eich, Johns Hopkins University, Baltimore, Md.; Dr. J. F. Binehnrt, University of 
California, San Francisco, Calif.; Dr. H. P. Smith, Columbia University, New York, N. Y-; 
representatives of the Surgeons General of the United States Army and United States 
Navy, members of the Medical Department of the Veterans’ Administration, and Dr. B. D. 
Lillie, National Institute of Health, Bethesda, Md., as Executive Secretary. 

A number of projects wore considered and recommendations made to tho National 
Advisory Health Council for final action. The Section members agreed unanimously that 
individually they would promote necessary research in tho held of pathology by private 
suggestions but would not make any collective attempts to impose research projects on 
investigators or institutions. They also approved the attitude of tho Public Health Service 
that the scientific freedom of the research investigators must not be restricted in any way. 

• Application forms for Grants-in-Aid may be obtained from the Chief, Eesearch Grants 
Division, National Institute of Health, Bethesda 14, Md., and. for prompt action should be 
filed well in advance of the quarterly meetings of the Study Section concerned. , 

The next meeting of the Pathology Study Section was scheduled for an early date 
in November, 1946. 
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SUBCUTANEOUS VS. INTKAJIUSCULAR AD^IINISTRATION 

OF PENICILLIN 


WiM.iAM S. IIori'M-vx, Pfi.D., j\r.D. 

Cmc.vGO, iMi. 

F or the parenteral administration of penicillin, the intramuscular route has 
been recommended as the most practical one when intermittent infections arc 
given.* Intravenous infections, thougli not so painful, are less desirable because 
they do not produce a sufficiently sustained plasma concentration of penicillin. 
On the other hand, subcutaneous infections, which should at least theoretically 
give more sustained plasma levels than cither intramuscular or intravenous in- 
jections, have been viewed with disfavor because of the irritation produced. 
Accordingly, the most recent directive of the War Production Board- has stated 
that the subcutaneous route should be avoided. 

These recommendations have been based on the properties of the penicillin 
commercially available at the time. That the degree of purity of the penicillin 
IS the important factor in determining the intensity and duration of the pain 
produced by the injections has been shown by HenA-ick and co-workers.® Now 
that pure or almost pure preparations of penicillin have been made available for 
clinical use, the question of the most desii-able route for parenteral administra- 
tion should be re-examined. The results of such an investigation are summarized 
in this report. 

METHODS 


The following penicillin preparations were used for this study ; 

1. An almost pure amorphous sodium penicUlm (1,550 units per milligram) 
put up in 200,000 unit vdals. This will be spoken of as high potency sodium 
penicillin (amorphous). 

2. Crystalline sodirun penicillin (1.400 units per milligram) in 200,000 unit 
vials. 


3. Pure ciTstalline potassium penicillin (1,631 units per milligram) in 
100,000 unit vials. (An earlier amorphous preparation used in a fewlnstanees 
contained 1,501 units per milligram.)* 


The penicRMn was dissolved in sterile physiologic saline solution in a con- 
centration of 10,000 rmits per cubic centimeter. When injected intramuscularlv 
the tri ceps or deltoid muscle was utilized, a ly^ inch, 22 gauge needle beiii<^ 


^om the Hektoen Institute for Medical Research of the Cook Countr Hospital 
Aided by a grant from the Commercial Solvents Corporation, Terre Hanto TiVt' 
Received for publication, Auff. S, 1946. Ind. 
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employed. For .snbeul ancons i7i,ieelion.s, llic upper arms or tliiglis were clioscii, 
.and the regular inch, 2G gauge liypodcrmic needles were employed. 

The penicillin preparations were injected suheutancously or intramus- 
cularly in doses of 30,000, 15,000, or 20,000 units into ho.spital control subjects 
who were young or middle-aged ]mtienls, not acutely ill, and who had no demon- 
sti'able cireulatoiy or I'onal dislurbancc.s. I’la.sma penicillin concentrations were 
determined at one-half, two and one-half, and three hours after the injections 
by the serial dilution Bacillus subtilis method of Itandall, Price, and Welch* as 
modified by Ilielcey.® In the majority of ijijeelions of penieillin, the subcu- 
taneous and intramuscular com])arisons were made in the same patient; how- 
ever, .since there was a great degi'ce of variability of the plasma levels achieved 
with any penicillin injection even in the same patient l)y the same route, the 
results have been evaluated by the determination of tiie average of plasma 
values for any type of injection. 

In order to determine whether liiunan blood, even in the absence of peni- 
eillin, has inhibitors of growth of B. suhlilis, as has been alleged,® control blood 
samples were taken for penicillin estimation before penicillin was administered 
in forty assays. In addition, blood specimens from eighty ho.spital patients not 
on penicillin or sulfonamide therapy were analyzed for penicillin. In the total 
of 120 plasma specimens, only one show'ed a level equivalent to 0.03 unit ; the 
remainder gave 0 levels. These findings, su])plementcd by tlie many 0 levels 
in the hundreds of assays made during these and other studies, have convinced 
us that, at least with our use of tlic method and possibly because of the emploj'- 
ment of eitrated plasma, there is little danger of finding positive penicillin levels 
in plasma specimens that do not contain penicillin. 

KESUI..T.S 

Pain . — Preliminary experiments have already demonstrated that with none 
of the three preparations was pain an important factor for cither the sub- 
cutaneous or the intramuscular route. When any of these three preparations 
was given alternately for therapeutic purposes witli the common impure con7- 
mereial preparations (six different brands commonly purchased by the hospital), 
the patient had no difficulty distinguishing between the relatively pure and the 
low potency brands, even though flicy did not see the solutions injected. The 
purified material produced only the pain of injection; there was no prolonged 
pain. However, the impure yellow preparations gave a “bee-sting” type of 
irritation that lasted from three to fifteen minutes. This finding was confirmed 
by my personal expeiuence. Similarly, in all the assays the subjects did not com- 
plain of any prolonged pain following cither subcutaneous or intramuscular 
injection. In fact, the subcutaneous injections, made as they were with a small 
needle, were for the most part regarded as less annoying. It is particularly 
worth noting that the potassium penicillin, which previously had never been 
used in any extensive series of injections, produced no more pain or other reac- 
tions than did the two sodium preparations. Also, in this series of 206 assays, 
there were no recognized cases of urticaria or other allergic manifestation, which 
finding may be related to the purity of the preparation used. 
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T.vble I. Fr.F.QUKKcY Di.stuirutions of 1M..\sma Pr.sicii.T.iN' LrA’i;i.s Aftkp. Svdcutanf.ous on 
lNTr..\MF.SCUI..\r. iN.n-.CTIOSS of PFUIFIKn rK.VICII.US Pr.EFAI-.ATION-S 



PLASMA 
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TKATION* 

(WITS 

ra; c.c.) 

luon roTKN'cY .soniuM 

PF.N'ICII.l.IN- 
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cui..\r. 

1 Hour. 
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TANFOUS 

IIOUP. 

, IXTKAMrS* 
CEIAU 
Hour: 1 

SUBCU* 

TAXEOUS 

noun 

IXTP.AAIUS- 

CUI-AP. 

noup. 

(rxiTs) 


MBUii 

>, 1 2> 1 3 

1 1 2J 1 3 




10,000 1.0 

0.5 3 

0.25 S 

0.125 1 1 

0.062 3 

0.031 C 

0 2 


3 1 

0 8 

r, 1 

7 2 1 

4 2 2 9 C 

5 3 S 4 


1 1 

S 7 

1 1 2 

3 2 

Go S 7 

3 2 3 


1 


2 


1 1 
7 5 
2 4 


15.000 


1.0 

0.5 

0.25 

0.125 

O.OG 

0.03 

0 


1 

1 3 
6 3 


2 0 


5 4 

5 1 13 

1 1 

5 3 6 3 

3 3 S 10 

4 4 5 


3 

6 

1 


4 2 

5 5 
1 3 


20,000 1.0 

2 



1 



1 



•> 






1 



O.o 

8 



12 



6 



3 



3 



8 



0.25 

5 

1 


2 



3 



4 



2 

1 


3 



0.125 


6 

1 


7 






1 




1 


2 


0.062 


0 

7 


5 

2 


6 

2 


5 

2 


6 

1 


8 

5 

0.031 


n 

O 

0 


2 

8 


3 

6 


4 

0 


2 

6 


2 

5 

0 



2 


1 

5 


1 

2 



2 


1 

2 
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Comparjson of Plasma Penicillin Levels . — The frequency distribution of . 
plasma Penicillin levels at one-half hour, trvo and one-half hours, and three 
hours after subcutaneous or intramuscular injections of 10,000, 15,000, or 20,000 
units of penicillin is shou-n in Table I. A total of 206 assays were made involv- 
ing 618 determinations of plasma penicillin coircentrations. It will be seen that 
there was a considerable variation in the levels obtained for any one tA*pe of 
injection in the several subjects but that usually the modal level could be easily 
determined. In general, the plasma level for 10,000 units by either subcutaneous 
or intramuscular injections at one-half hour was 0.25 unit per cubic centimeter,- 
at two and one-half hours, 0.03 unit per cubic centimeter; and at three hours, 

0 unit per cubic centimeter (that is less than 0.03). For 15,000 units, there was 
no great difference at one-half hour or at trvo and one-half hours, but at three 
hours the prevailing level was 0.03 rmit per cubic centimeter. For 20,000 units 
the modal value was 0.50 wnit per cubic centimeter at one-half hour, 0.06 unit 
per cubic centimeter at tAvo and one-half hours, and 0.03 unit per cubic centi- 
meter at three hours. 

For a more rigid comparison of the levels obtainable after the subcuta- 
neous and intramuscular injections of the different dosages of the different 
preparations, the mean levels Avere tabulated in Table 11. It should be reco>T- 
nized that the use of the arithmetic mean in averaging values that progress 
geometrically is likely to give too much A\-eight to "isolated high values^and 
that it might be better to obtain the average by giving an arithmeticallv pro 
gressmg weighting to each level or othertvise to use the geometrical mean 
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Table II. Aviuiaoe pLASAr.v Pe.vicilli.v Levels Aftei: SuncuTA.vnou.s oti Inteaiiuscdlaij 
INMECTIOK OF Pui!lFIEI> PEKICILLTN’ PeKI’AKATIONS 


hose 

(UNITS) 

TYPK OF 
IN'JKCTJOX 

mon roTE.N'CY 
somuM 
(AMouriious) 

Cr.YSTAM.lKi: 

Cr.YSTALI.lNE 

rOTASSIUJI 

TOTMi 

AVKHAGE 

A 

irl:. 

-3 

hi:. 

;{ 

iriL 


21, 

Jir:. 

hi:. 


^3 

iin. 

,5 

III!. 

1 

in:. 

21, 

iiii. 

3 

UK. 


.Subcutaneous 

liQ 

.012 

010 

.20;! 

.();!■} 

.010 

.250 

.025 

.022 

127- 

.051 

.017 


Intramu.«cular 

>a| 

.012 

01. ■> 

.20.’! 

.050 

.02S 

.250 

.020 

.022 

.205 

.010 .022 

15,000 

.Subcutancou.s 

..■u;{ 

.o;:.i 

02.1 

.:!]2 

.050 

.010 

..'iOO 

.0.55 

.028 

.508 

.012 

.023 


IntranniPciil.nr 

.2:iS 

.027 

02.S 

,117.’) 

.07.S 

.028 

..'ll.'! 

.Oil 

.028 

.508 

.052 

.028 

20,000 

Subcut.ancous 


.0!»1 

ObS 


,IM7 

.0.5 1 

.000 

.OFi) 

.058 

.510 

.070 

.030 


Intramuscular 

..■>00 

.0(>.5 

025 

.550 

.050 

.051 

.■ISO 

.nos 

.017 

.510 .005 

.0.31 


Nevertheless, in spite of the liaiulicap of tlic inolhod, it could readily be .seen 
tliat tliere vas no appreeialdo differonee bctu'cen llie levels obtained after 
subcutaneous injections and those after intramuscular injections. It could 
also be recognized that all three pi’eparations, the tvo sodium penicillins and 
the potassium, gave essentially the same results. The average levels for each 
interval for all the injections (sec Table JI) agree fairly closely u'ith the modal 
values previously mentioned. The plasma levels found indicate that, even 
u’ith sucli a low dosage as 10,000 units of these jrurified ]u’ci)nrations every 
three hours, there is likely to be therapeutic levels during at least two and 
one-half hours and that the chief value of giving 16.000 or 20,000 units is to 
assure a therapeutic level in the last one-half hour or hour. A dosage of 
15,000 units of purified penicillin every three hours would probably be effec- 
'tive in all infections by bacteria relatively sensitive to penicillin, which in- 
clude the gonococcus, pneumococcus. SiajyJiylococcus aureus, and meningococ- 
cus. On the other hand, in eases of infections by more resistant organisms, such 
as the Staphylococcus albus and Streptococcus vtridans, Avhere plasma levels of 
the order of 0.5 unit per cubic centimeter oi' higher may be required, dosages 
of 20,000 units every three hours are not high enough to insure therapeutic 
levels. 

That subeiLtaneous injections of purified penicillin gave no more prolonged 
levels than did intramuscular injections may be due to the relative insensitivity 
of the serial dilution method used for the assay of penicillin. Nevertheless, 
producing, as it does, at least as good and prolonged levels as intramuscular 
injections, the subcutaneous route becomes the method of parenteral adminis- 
tration of choice. 

SUJIJIAKY 

Comparison of subcutaneous and intramuscular injections of three purified 
preparations of penicillin were made in 206 assays involving 618 plasma peni- 
cillin level estimations. 

There was no afterpain with either type of injection. Subcutaneous in- 
jections, because they permitted the u.se of a small needle, were less annoying 
than those given intramuscularly. 

There were no essential differences between the plasma penicillin levels 
obtained after subcutaneous injections and those following intramuscular ad- 
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iiiinistration. Also, all Ihroc preparations, the amorphous and the 

crystalline sodium penicillin and the crystalline potassium penicillin, gave es- 
sentially the same results. 

There were no instances o£ urticaria or other forms of sensitivity in all 
20G assaj's. 

The suhcutancous route has hcen found from our studies to he the one of 
choice for the parenteral administration of purified penicillin preparations. 

Tlio autlior wishes to nchnowlcdge liis indebtedness to JIrs. Ellen Zimraermann, ilr.^. 
Jeanne Hildebrandt, and Miss Margaret Ca'-ella. for tlicir acsistanee in tlic as.-ays. 
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PEEMEABILITY ALTEKATIONS IN DISEASE 


EicriAKD E. Overman, Pii.D. 
^Memphis, Tekx. 


I N TIIE course of rceciit ijn’osfig-alions iulo Eic /luid aud ionie balance in 
simian malaria,^ a large number of determinations of “available fluid” (extra- 
cellular) volumes ■were done by the sodium thiocyanate method^ (1) in normal 
monkeys, (2) in monkeys with fatal Plasmodium Iniou'lcsi infections, and (3) in 
monkeys with malaria which were treated subsequently with sulfadiazine and 
survived. In twenty-three monkeys control tliiocyanatc volumes ranged from 
16.6 to 2S.S per cent of the bodj' weight witli a mean value of 20.S per cent. The 
spread in these values is le.ss if measurements obtained in the summer or winter 
are considered separately, for the monkey exhibits a larger extracellular volume 
in summer. Thei'e -appears to be a similar .seasonal variation in blood, pbrnsma, 
and extracellular volumes in man." 

Following the induction of P. Iniotclcsi infection in monkeys the volume 
of fluid available for dilution of NaSCN increased in a progressive maimer 
throughout the course of the di.sea.se. This progressive change in two animals 
(5AS and CAS) and the return toward normal following chemotherapeutic 
interwention is shown in Fig. 1. At first it was thought that water shifts were 
occurring and that the cxtracclhilar compartment was becoming superhydrated. 
However, as the parasitemic level rose, the apparent extracellular fluid volume 
increased to such a degree that it became obvious that the cliangcs could not be 
due to water shifts alone. In all cases of malaria fatalities in which measure- 
ments were made within twenty-four liours preceding death, the volume of 
fluid available for dilution of thiocj’anate increased until it exceeded 50 per cent 
of the body weight. A few animals in which detenninations were made within 
the six-hour period pi'eceding death revealed available fluid volumes of 64 to 
66 per cent of the body weight. Furthermore, these volume changes occurred 
over a period of time in which plasma volumes fell slightly and the animals lost 
weight. 

Harrison, Darrow, and Yanuct,'’ employing the desiccation technique, found 
that the total bodj- water of the monkey is approximately 65 per cent of the 
body weight. It is obvious at once that NaSCN determinations do not, in the 
malarious animal, repx-esent the extracellular volume. 

At autopsy, neither the peritoneal cavity nor the intestine e.xhibited any 
gross aeeummulation of fluid. Cut surfaces of all organs appeared dry and 
dehydrated. Further, the time-concentration curves of NaSCN in plasma were 
of no steeper slope than in normal animals, indicating that NaSCN was neither 
being destroyed nor lost from the body at an increased rate. 


From the Department of Physiolosj', University of Tennessee. Collesre of Medicine. 
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In five animals which died of malavia, tissue tiiiocyanatc determinations 
were made immediately after death on heart, livci’, spleen, and muscle. Tlie 
amount of thiocyanate found in these tissues varied, liver having the highest 
and muscle the least (Table I). However, in all tissues, the amount found Avas 
larger than could have been resident in the chloride space of the tissue. In the 
coui'se of simian malaria, at least, the dilution of .sodium thiocyanate is no 
longer a measure of the extracellular fluid. The conclusion is inescapable that, 
in malaria, sodium tiiiocyanatc entens the cells and hoeomes diluted In- the intra- 
cellular water. 


Tabck I. Br.si;i.TS of Tissue .wn Pi.\sma Tuiocv.\x.\tf, pETEnMiN-VTioss 


AXIJI.VL 

TISSUE 

sev IS Cl SPACE 
OP 1,000 CM. 
TISSUF.* 

(MG.l 

SUN- lOUXD IX 
1.000 CM. 

TISSUE 

(MG.) 

SCN' IN 1,000 
C*C. INTHACELLU- 
EAH IS'ATER 
rMG.) 

SON SPACE AS 
PER CENT BODY 
vraGUT 

9AT 

Muscle 

1.S2 

5.1 

0.2S 

2S.S 

llAK 

Muscle 

3.9S 

5.1 

1.12 

33.1 

7AK 

Muscle 

2.9S 

5.0 

2.01 

39.8 

SAE 

Muscle 

2.16 

5.2 

2.04 

4S.2 

lOAT 

iluscle 

1.81 

5.1 

3.29 

54.6 

PAT 

Liver 

13.-19 

16.32 

2.83 

2S.S 

llAE 

Liver 

11.17 

22.44 

11.27 

33,1 

TAK 

Liver 

S.37 

15.0 

0.63 

39.8 

SAK 

Liver 

6.04 

1.5.6 

9.50 

48,2 

lOAT 

Liver 

5.07 

17.34 

12.27 

54.6 

PAT 

Spleen 

13.10 

10.20 

none 

2S.S 

llAK 

Spleen 

10.84 

18.36 

7.52 

33.1 

7AE 

.^leen 

8.13 

7.0 

none 

09.8 

SAE 

Spleen 

5.87 

8.84 

2.07 

4S.2 

lOAT 

Spleen 

4.93 

22.44 

17.51 

54.6 

PAT 

Plasma 

35.41 

31.90 


28.8 

llAE 

Plasma 

29.30 

26.40 


7 

TAK 

Plasma 

21.98 

19.80 


39.8 

SAK 

Plasma 

15.87 

14.30 


48.2 

lOAT 

Plasma 

13.32 

12.00 


54.6 


‘Calculated from the plasma level o£ SCX and Lepore’s" values for the chloride snare 
of muscle, liver, and spleen. '-monae space 


That such a permeability change may be a general phenomenon accom- 
panying febrile diseases is suggested by the following findings : (1) Repeated in- 
jections of tj-phoid vaccine in dogs over a period of ten days effect a significant 
increase in apparent extracellnlar volume.^ (2) Measurements made by Lin<r® 
on patients with neglected compound fractm-es who had developed baeteremiL 
inth concomitant temperature elevations showed increases in the volume of fluid 
available for the dilution of XaSCN of the same order of magnitude as is beinu- 
reported here in simian malaria. (3) KaSCN volumes measured by HarreP 
in patients with spotted fever likewise have indicated permeabilitv alterations 


^ilthough the survival time of Ling’s patients did not alloir repeated de 
terimnations of the NaSCX volume, the recovei;^- phase of this permeabilitv 
alteration has been studied in one group of the monkeys reported here and h-is 
been noted by Barrel in human patients with spotted fever. In the montev 
the recover- period is long, normal permeability not being eompletelv -re-estab 
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lisliccl until about 100 clays following the clisappea ranee of clinical malaria (Fig. 
1). According to Ilarrcl, however, tJie NaSCN volumes of .spotted fever 
patients subjected to tliorapy quiclcly rcliu’ncd to normal. 

The indication tliat, in malaria, the permeability of cellular membranes is 
altered to the extent of allowing free passage of a foi’cign ion (SON), wliieli, 
in the normal animal, is generally excluded from the cell wafei’, introduces a 
possible new interpretation of previous studies on native ion concentrations 
in paludic blood. 



Fig. 1. 


Pinelli,” Veliek and Scudder,’® Zwemer, Sims, and Coggeshal,” and Flosi’® 
have all reported a decrease in blood sodium and/or an increase in blood potas- 
sium concentrations in malaria. Attempts liave been made to correlate these 
findings with red cell destruction. Eclelman and associates^® haA'C described 
similar ionic shifts occurring in the blood of patients subjected to i\vrexia in- 
duced bj-- physical means alone (hypertlierm). The logical explanation of all 
of these results lies in the demonstration of genei-alized permeability alterations 
in the pyrexic state. 

SUMJIAnV 

1. The extracellular fluid volume as measui-ed by the dilution of NaSCN 
increases in (1) simian malaria, (2) patients vuth spotted fever, and (3) patients 
with bacteremia vdio have concomitant tempei-ature elevations. 

2. Extracellular fluid volumes in these cases may increase to the point of 
being equal to the calculated total body water. 

3. Tissue NaSCN determinations made immediately after death in monkej'S 
in which P. Icnowlcsi infections were fatal show larger amounts of NaSCN than 
could be resident in the “chloride space” of the tissue. 
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4. In these diseases, at least, the pcvmcability of tiie tissue cells is altered, 
allowing the foreign ion (SCN) to become diluted by the intracellular Avater. 

5. Animals sliowing such permeability changes return to normal slowly 
following chemotherapeutic intervention. 

6. It appears that permeability alteratioms accompany the pyrexic state. 
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GLYCOCYAlMINJi: ELBIINATION IN PATIENTS WITH 
SIYASTIIENTA GPAVIS 


Clara Torba, Pii.D., JI.D.. axd Harold G. Wolit, I\r.D, 

New York, N. Y. 

M uscle Innetion Ims l)ceii sliowii to improve in patients with myastlicnia 
gravis after infusion of amino acids.' Certain amino acids (glycine, 
arginine, sareosine) may form glycoeyamine b.v transamidination, and glycocya- 
mine is melliylated to creatine.-"''' Glycoeyamine is conlinnously eliminated in 
the urine of human heings.'- ® A disturbance in the decomposition of the men- 
tioned amino acids, if severe, would manifest itself in changes of tiie amount 
of glycoeyamine eliminated, especially if the organism is overloaded with glycine. 
A severe decrease in transmethylation would manifest itself as a delayed or 
decreased formation of creatine from glycoeyamine and an increased elimination 
of glycoeyamine, especially if the organism is overloaded with glycine. 

To ascertain whetiicr the observed effect of amino acids on muscle function 
in patients witli myasthenia gravis was due to correction of a deficiency of 
amino acids involved' in creatine formation, the amounts of glycoc.vamine 
eliminated in the urine of patients with myasthenia gravis before and after 
administration of glycine were determined. 

METHOD 

The glycoeyamine elimination of twelve patients with myasthenia gravis 
and twenty control subjects was determined by a modified method of ■Weber.'"''’ 
All .subjects were hospitalized and kept on a 2,000 caloric mixed diet. The 
control subjects had either ruptured intervertebral discs or were patients with 
cardiac anhythmias but well compensated. Urine was collected in separate sam- 
ples for twenty-four hours and kept in an icebox. Fifteen grams of glycine 
were then administered orall.y in one dose, and the collection of urine was con- 
tinued for forty-eight hours. 

All urine samples were diluted to a specific gravity of 1,010. To 5 c.c. of 
ui'inc 2.5 c.c. of water, 2.5 c.c. of 0.4 N hydrochloi’ic acid, and 500 mg. of Lloyd’s 
reagent were added. Tlic mixture was shaken vigorously for three minutes, 
then centrifuged, and the residue rinsed with water, slightly acidified mth sul- 
furic acid. The precipitate was suspended in 8 c.c. of water, treated with 500 
mg. of barium hydroxide, shaken for three minutes, and centrifuged. The pre- 
cipitate was washed twice with 2 c.c. of -water. The three supernatant fluids 
Avere pooled, and the barium in the filtrate ivas precipitated Avith 40 per cent 
sulfuric acid. The mixture Avas centrifuged. The supernatant fluid Arms shaken 
for three minutes AAUth 1 Gm. of basic lead carbonate and centrifuged. This 

From the New York Hospital and the Departments of Medicine (Neurology) and Psychia- 
try, Cornell University Medical College. 
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supernatiuU fluid was shaken foi- eight niiiiutcs with 1 Gin. pcrinutit and 
eenlrifiiged. To 5 c.c..of the supernaiant fluid, 1 c.e. of 30 per cent sodium 
liydroxide solution was added, and the last tubes containing the alirpiots of tlie 
solutions to be analyzed were placed in an ice wafer bath. In this bath ivere 
also the «-naphthol (0.04 per cent), urea (40 ])er cent), and hypobroinite (0.6G 
c.e. of liquid bromine in 300 c.e. of 5 ])cr cent sodium hydroxide) solution.s. 
After ten minutes 1 c.c. of the «-naphthol .solution was added to each test tube, 
the contents .shaken, 3 c.c. of the chilled urea .solution added, and the contents 
shaken again. After another five-minute interval 0.5 c.c. of the chilled liypo- 
bromite solution was added, the contents mixed by vigorous shaking, and the 
tube replaced in the ice bath. After twenty minutes the color was determined 
with a Klett-Summer.son ])hotoeleclric colorimeter using filter No. 54. 

Maicrial . — A .short description of the clinical state of tlic patients with 
myasthenia gravis is given in Table I. 


nEsunT.s 

The amounts of glycoeyamiuc eliminated in the urine before and after ad- 
ministration of glycine arc given in Tal)Ie II. The men used ns controls elimi- 


Tabli; II. ELurixATios or Gi.vcoovAjtiXE in’ P.VTiu.sr.s "With Myasthenia Guavis and in 

COKTKOL SUBAF.CTS 




[ OLYCOCYAMINE ELI.MI.N’ATEI) PUEINO 24 HOUES (MO.) 

1 

SUBJECTS 1 

SEX 1 

DAY BEroliF, 
OI.YCINE 

(JIA’CI.N’E 

DAY 

j>AY Am;ii 
OLYCINE 

DIFFEUENCE 

Controls 

Da 

M 

59.0 

70.7 

58.2 

20.7 

Sn 

M 

44.5 

6S.5 

43.0 

22.0 

Go 

M 

35.7 

59.5 

37.4 

’23.8 

Fa 

JI 

o3«7 

81.6 

54.1 

27.9 

We 

U 

09.1 

85.4 

58.7 

2(3.3 

Bi 

M 

61.6 

86.0 

60.3 

24.4 

La 

M 

52,3 

70.7 

50.9 

18.4 

Ve 

M 

47.S 

G7.0 

50.6 

19.2 

No 

M 

45.0 

71.2 

47.3 

26.2 

Da 

F 

63.0 

105.2 

63.9 

42.2 

No 

F 

36.5 

61.3 

38.9 

24.8 

Ho 

F 

82.8 

122.9 

SO.G 

40.1 

He 

F 

80.2 

138.4 

80.5 

58.2 

Bo 

F 

55,7 

111.2 

57.4 

55.7 

Bu 

F 

33.2 

62.9 

36.0 

29.7 

El 

F 

70.4 

90.2 

6S.7 

19.8 

La 

F 

63.7 

114.5 

62.5 

50.8 

Mo 

F 

77.2 

99.0 

78.4 

21.8 

To 

F 

60.7 

90.3 

63.9 

29.7 


Patients 

Ku 

S"li 

Sli 

Co 

L.1 

Go 

Ro 

Ri 

An 

Pe 

jitu 

Vi 


M 

M 

M 

M 

M 

F 

F 

F 

F 

F 

F 

F 


34.9 

57.8 

45.1 

63.5 

55.5 

79.2 

43.2 

69.0 

46.6 

72.4 

35.5 

• 67.1 

72.1 

138.5 

45.3 

68.5 

55.4 

82.2 

81.4 

111.8 

70.9 

115.5 

65.4 

99.6 


33.7 
46.S 

53.4 

47.8 

44.4 
37.3 

70.2 

45.5 

60.5 

50.3 
73.0 
Gl.S 


22.9 

18.4 

23.7 

25.5 

25.8 

31.6 

66.4 

23.2 
2G.S 

30.4 

44.6 

34.2 
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nated from 35 to 61 mir. prlycooyaminc daily and the women nsed as controls 
from 33 to S2 mg. per day. Patients with myasthenia gravis eliminated similar 
nmomits of glyeoeyamine daily. Oral administration of glycine increased the 
elimination of glyeoeyamine from IS to about 66 mg. in both control subjects and 
patients with myasthenia gravis. Patients with myasthenia gravis excreted the 
largest amounts of glyeoeyamine from four to six hours after administration 
of glycine. This seems to be a delay ns compared to the data of Borsook and 
associates® who found that the greatest amount of glyeoeyamine is eliminated 
two horn’s after administration of glycine. The four- to six-hour peak lays, how- 
ever, well within the limits observed with the control patients used in the present 
experiments. 

DISCUSSION 

The preceding results suggest that patients with myasthenia gravis elimi- 
nate glyeoeyamine in amounts similar to human controls. Furthermore, glyco- 
cyamine elimination after administration of glycine is similar in amounts in 
patients with myasthenia gravis and in control subjects. In so far as it is pos- 
sible to determine by the amount of glyeoeyamine eliminated, the processes of 
transamidination and transmethylation are not disturbed in patients with 
myasthenia gravis. 

It is likely that glyeoeyamine is formed mainly in the kidney by trans- 
amidiuation and is methylated mainly in the liver to form creatine.® Striated 
muscle, however, also contains minute amounts of glyeoeyamine (between 3 to 6 
mg. per 100 Gm. of fresh rat muscle).® Since a local increase of glyeoeyamine 
in the muscle may not be detectable by the amounts of glyeoeyamine eliminated 
in the urine and since, according to a recently presented concept, most of the 
sjuiiptomatologj’ of myasthenia grams can be due to a decreased acetylcholine 
sjmthesis, it was also ascertained whether glyeoeyamine modifies the synthesis 
of aeetj'lcholine in A-itro and whether it may modify the excitability of striated 
muscle. Glyeoeyamine is ’nuthout effect on these processes. Glyeoeyamine does 
not significantly modify acetylcholine synthesis (only a 10 to 15 per cent de- 
crease could be demonstrated with concentrations as high as 1 Gm. per 100 e.c.) ; 
it does not modify the sensitwity of muscle to indirect stimulation and chemical 
stimuli (acet 5 -leholine, potassium).^- Therefore, even if glyeoeyamine were to 
be present in increased amoimts in the muscle and neiwe of patients with 
myasthenia graA'is, it would not be responsible for the severe fatigability of the 
muscles of these patients. 


STUIAIAKY 

From the amount of glyeoeyamine eliminated (before and after overloadinn 
the body with glycine) there is no evidence of any defect in transamidination 
and transmethylation processes in patients Avith myasthenia gi-avis. 

for Ws valuable 
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ERYTIIROCYTK FRAGURTY IX ACUTE INFECTIOUS HEPATITIS 

David lA Bonn, M.D. 

Sax Fraxcisco, Cauv. 

T he high incidence of acute infectious hepatitis in the military services has 
afforded an excellent opportunity for the investigation of both clinical and 
lahoratorj* aspects of this disease. Changes in the fragility of the erythrocytes 
are of interest not only from the standpoint of establishing a differential diag- 
nosis between this disease and hemolytic icterus but also because of the important 
role played by the liver in the maturation of ciythrocjdes. It is conceivable 
that the diffuse liver damage in acute infectious hepatitis may be reflected in an 
altered resistance of erythrocytes to hemolysis by h\-potonic saline solutions. 
Little endence is available in the current literature on acute infectious hepatitis 
regarding the effects of this disease on the fragility of erj-threej-tes. Most re- 
ports make no mention of studies of fragility. Havens/ however, obtained nor- 
mal values for oiA-throeytc fragility in forty-two patients with infectious 
hepatitis. McCarty= agreed that this value is usually normal. Finks and Blum- 
berg’ ean-ied out sixty-sLx tests of eiA-throeyte fragility and concluded that 
“none of these tests revealed any increased hemolysis as compared with that of 
the control. In fact a majority of the tests revealed an increased resistance of 
the red blood cell to hj-potonie saline solutions.” 

In contrast to the majority of these reports wMcIi lead one to believe that 
the changes in erythrocyte fx-agility are of little uniformity or significance, 
Cohen,* in a study of twenty-three eases of acute infectious hepatitis, found that 
“clinical jaundice is accompanied bj- increased resistance to hj*potonic hemol- 
ysis” and concluded that “the increased mean resistance is a direct function 
of the degree of jaundice maintained with and subsiding as does the latter.” 
Our studies have confirmed the finding that the erj'throcjde fragility is con- 
sistently decreased in acute infectious hepatitis. Further studies were con- 
ducted in an attempt to determine the cause of this altered fragility, 

MATERIALS AXD JIETHOD 

This work was carried out in a United States Army Hospital assigned to a 
Dutch Hospital Ship operating in the Southwest Pacific. The patients were 
American soldiers who had developed acute infectious hepatitis in the Philippine 
Islands and were studied during their evacuation to General Hospitals on New 
Guinea, a trip which took four or five days. Icteric indices and erj-throcyte 
fragilities were determined on a total of forty-seven patients durin" three dif- 
ferent evacuations, and, as the findings ivere similar for these three groups of 
patients, the data will be presented together. 

From the Division of MeUicine, University of California Medical School 
Received for pubUcation. Sept, 9. 1946. 
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riai cr.NT sodium cm.or.ii>r. 

n.\Xf!K 1 MBAS 

Initial )ioniolv.‘.is 

O.-ll to 0.-15 

0.42.0 

Complete Iieinolysi-s 

n.-ii to o.y,5 

0.323 

^teaii liernolv.'.is 

o.:m to 0.305 

0.37C 

Ilcmolys^is span ((lifroronco between initial 
and complete licmoly.M.s) 

O.OR (0 0.13 

O.lOo 


Eiytlirocyle fragilities wore tlelcrininctl by n inctiiod outlined by Colicn.= 
Two-tentlis of a cubic eeiitinicter of blood was susj)ondcd in 5 c.c. of each of a 
series of concentrations of saline solution varying from O.IS to 0.45 per cent. 
After these suspensions had stood in an icebox for three hour.s, the initial 
hemolj'sis was read as the highest .saline oonceni ration to show evidence of 
hemolysis in the supernatant fluid. The value of complete hemolysis was de- 
termined hj-^ counting the uniicmolyzcd cells. The highest saline concentration 
to contain less than twenty cells per high power field was called the level of com- 
plete hemob’sis. Using this method, the values shown in Tabic T were obtained 
for fifteen normal male controls. 


KK-SULTS 

The duration of the disease at the time the first laboratory tests were car- 
ried out varied from two to forty-seven days, only nine of the patients being 
symptomatic for over three weeks. In Pig. 1 is shown the icteric index in Curve 
A and the mean erythrocyte fragility in Curve B, plotted against the duration 
of the disease in days for the foi-ty-.scvcn i)alionts. The icteric index curve 
rises and the erythrocyte fragility curve falls during the first week of the dis- 
ease. Both values reach the peak of abnonnality in the second five-day period, 
then gradually return to normal. The mean erythrocyte fragility does not rise 
to normal (0.36 per cent) until after the third week of the disease. This cor- 
responds eloselj’- to the return to normal of the icteric index. 

Eepresented in Fig. 2 are changes in icteric index and mean crythrocj'te 
fragility observed in a hospital ship corpsman who was studied throughout the 
course of the illness. Portunatel 3 ’’ his blood had been used as a control for an 
eiythrocyte fragility test five daj's before the onset of sj'mptoms. At that time 
the mean erythrocyte fragility was found to be 0.375 per cent. The results 
of the laboratory tests on this patient coiTcspond closelj’’ to mean curves seen 
in Fig. 1. 

In Fig. 3 erythrocyte fragilities are plotted against their respective icterie 
indices for the forty-seven patients studied. Curve A represents the initial 
hemolysis at different icteric index levels. This curve falls graduallj', dropping 
below the lower limit of normal at an icteric index of 19. The level of complete 
hemolysis, orr the other hand, falls much more abrirptlj^, as recorded in Curve B. 
This relativelj'’ irrore rapid fall in the level of complete hemolj’’sis, as compared 
to the fall in initial hemolj'sis, is reflected in a marked increase in fragility spair, 
represented in Curve C. 







DAYS OF DISEASE 


Fig. 1.— Icteric index (Curve A) and mean eo'throcyte fragility (Cun,-e B) in forty- 
seven patients tvith acute infectious hepatitis, plotted against duration of the disease in 
(lays. Cur\*es are constructed on the mean values for each five-uay periou. 
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I — tvtcric index and mean erythrocyte fragility chances in a hncnifnt 

observed throucbout the course of acute infectious hepatitis. His biood hnd 
control for an eiythrocyte f.-agility study live days before the onset of ^^mptoms. 
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ICTERIC INDEX 


F*®- 3-—Erj-tlirpoyto fragility clianges plotted against the icteric index for forty-seven 
patients with acute infectious liepatills. Curve A Is tlie Initial licmolysis, Curve B is the 
complete hemolysis, and Curve C is the fragility span. Curves arc constructed on the mean 
values for each 10 units of the Icteric index. 
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4 . — Changes in icteric index and mean erythrocyte fragility in nineteen patients with 
acute infectious hepatitis dunng a four- or five-day observation period. 
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DISCUSSION* 

The fact tliat erythrocyte fragility is decreased during the icteric phase 
of acute infectious liepatitis naturally suggests that the bile pigments of the 
serum may in some way increase the resistance of the cell to hemolysis by hypo- 
tonic saline solutions. This possibility has i)een suggested by Cohen'* and 
Berk.' 

Several observations concerning the validity of this hv7>othesis may be made 
from the data presented here. If tlic decreased fragility ■were due to an increase 
in bile pigment of the serum, changes in these t'wo values in a given patient 
should he of proportionate magnitude. However, taking several example.? from 
Fig, 3, marked discrepancies are found. For instance, one patient had an ic- 
teric index of 13 and complete licmolysis at 0.24 per cent, while another patient 
with an icteric index of 21 had crj-throcytes that were completely hemolyzed 
within the normal range (0.32 per cent). Another striking example of the dis- 
proportionate changes in these two values is seen by comparing the patient ndth 
an icteric index of only 24 whose complete hemolysis occurred at 0,22 per cent 
with the patient who had an icteric index of 63 and complete hemolysis at 0.28 
per cent. 

Further evidence substantiating this lack of correlation is seen in the 
progress chart in Fig. 4. Here the magnitude of the changes in eiythroej'te 
fragility is compared \vith that of the changes in tlie icteric index during the 
four- or five-day trip. •‘Improved’’ signifies a decreased icteric index and an 
increased erythrocA*te fragility, while “worse” indicates reverse changes. Solid 
columns represent changes in icteric index, while hollow ones signify changes in 
erythrocyte fragility. The columns of the nineteen patients thus studied are 
arranged in the order of increasing improvement in the icteric index. In the 
first six patients the icteric index actually increased during the trip. The 
seventh patient showed a marked improvement in erj-throeyte fragility and only 
minimal improvement in icteric index. The reverse situation is equally st riki ng- 
in Patients 15 and IS where there was marked improvement in icteric indices 
with only minimal improvement in erythrocyte fragility. Thus it would appear 
that though both values follow the same general trend the magnitudes of the 
changes are not related. 

Prom these two ohsem-ations it may be concluded that the erythrocyte 
fragility is not a function of the bile pigment concentration of the serum' as 
measured by the icteric index. Nevertheless, in this disease there are other 
changes in serum chemistry (for example, cholesterol) which may be considered 
capable of altering the erj-throeyte fragility. The laboratory facilities avail- 
able to us at that time did not permit further chemical studies, but a direct 
approach to this problem proved enlightening. Normal washed eiythroc3-tes 
w-ere incubated in homologous serum from patients with acute infectious 
hepatitis, and eonverselj*, washed cells of decreased fragility from a patient 
with hepatitis were incubated in nomal homologous serum. In Table H it ' 
demonstrated that a three-hour incubation at 3S°''c. failed to cause a si-mifican^ 
change in fragility of either the normal eeUs or the cells from the patient vith 
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hepatitis. It may be concluded llial the decrease in eiythroeyte fragility seen 
ill acute infectious hepatitis is not caused by the direct action of any chemical 
component of icteric serum on normal erythrocytes. The implication that there 
is some intrinsic defect in these erythroe 3 des is substantiated bj’ the fact that 
these loiv fragility (abnormal) cells from patients ivith acute infectious hepatitis 
failed to return to normal ivhen incubated in normal serum. The possibility 
demonstrated by Iladon" that this decreased fragilitj" during jaundice is due to 
a decrease in the rat io of thickness to diameter of the erythrocytes was not in- 
vestigated but would seem to suppl.v an explanation for the fragility' change. 


Tajii,k h 



j nKFORE I.N'CUnATION 

( AFTEP. IXCODATIOX 

1 

! 

1 INITIAL 

1 IIEMOI.YSIS j 

1 CO.MIT.KTE J 
[ IIEMOLVSIS 1 

1 IMTIAI/ 

1 IlEXtOIA’SlS 

1 COMPLETE 
HEMOLYSIS 

Normal colls placed in scrum with 
icteric index of 122 

44 

32 

44 

33 

Cells of decreased fragility (from 
a patient with hepatifi.s) placed 
in normal serum 

.17 

23 

38 

23 


Further evidence supporting the hypothesis that the decreased eiythroeyte 
fragility is due to an intrinsic malformation of the cell, or to failure in eryth- 
ropoiesis, is seen in the increased fragility span in infectious hepatitis (Fig. 3, 
Curve C). "While some cells maintain a noimal higli degree of fragility, so that 
the curve of initial hemolysis falls only slightly bolmv normal, other cells are 
produced which have a strilringly reduced fragility, causing the levels of com- 
plete hemolysis to fall precipitously. These disproportionate changes in initial 
and complete hemolysis cause an increase in fragility span, a manifestation of 
an increased heterogenicity in the cell population. If decreased erj'throcjde 
fragility were due to the direct action of an extrinsic factor (such as bile pig- 
ment or cholesterol) on cells tliat are otherwise noimal, it could be assumed that 
all cells would undergo an equal decrease in fragility-. Initial and complete 
hemolysis levels would fall the same extent, and the observed increased fragility 
span would not have been anticipated. 

Thus, all the evidence points away from the direct action of some extrinsic 
factor in the serum and toward a faulty eiytliropoiesis as being responsible for 
the decreased erythrocyte fragility- in acute infectious hepatitis. It is conceiv- 
able that diffuse liver damage may cause this fattlt in erythropoiesis. If this 
interpretation is correct, changes in liver function are manifested by- altered 
ery-throcyte fragility; the results of this simple test, which have been found to 
be consistently abnormal in acute infectious hepatitis, may- serve as another 
index of the degree of liver damage. 

CONCLUSIONS 

1. The fragility- of erythrocytes in acute infectious hepatitis is consistently- 
decreased. 

2. Evidence is presented which indicates that this decreased fragility is not 
a function of the degree of jaundice. 
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THE TREAT]\IENT OF JrACROCYTIC ANEMIA WITH LACTOBACILLUS 
CASBI FACTOR (PTEROYLGLUTAMTC ACID) 

Ohack a. Goldsmith, JI.I). 

Ni:\v Orij:ax.s, La. 

S INCE LactohaciUns atsri J'aclor (folic acid) wa.s .syjilhc.sized in 1945 a num- 
ber of reports liavc appeared indicaliii" llie nsefiilne.s.s of this vitamin in the 
treatment of Jiuman inacroeyfic anemia. Darby, Jones, and Jolinson,^ Spies tind 
co-workers,- Moore and associates, Goldsmith,’' and Doan, Wilson, and Wright' 
have found L. casci factor to be cft'ective in tlie treatment of sprue, pernicious 
anemia, nutritional macrocytic anemia, and the macrocytic anemia of pregnancy. 
The structure of L. casci factor has recently been elucidated and the name 
literoylglutamic acid suggested for this compound.''’ 

This report deals tvitli the use of ptcroylglutamie acid in fifteen peisons 
with anemia, five of whom have been studied for more than six months. Two 
patients with pernicious anemia, four with nutritional macrocytic anemia, and 
one with normoeytic anemia in which the bone marrow was depressed showed 
marked clinical and hematologic inijirovcmcnt when L. casci factor was given 
as the sole therapeutic agent. Two patients with s])rue and one with a celiac 
sjmdrome improved in certain respects, but the blood picture ivas altered in only 
one instance. L. casci factor was without beneficial elTcct in two patients with 
aplastic anemia and in one iiatient each with maeroc\*tic anemia a.ssociatcd with 
regional ileitis and myxedema and macrocytic anemia of unknowm origin. 

MKTiron OK .STUDY 

Patients with anemia were liospitulized for tlie first niontli or more of study and in 
most instances were placed on diets low in protein and containing no meat. Complete blood 
counts were obtained daily at fir.st and later at increasing intervals. Blood was obtained by 
venipuncture witliout stasis, and approximately 5 c.c. were placed in tubes containing am- 
monium and potassium oxalate. United States Bureau of Standards equipment was u.«ed for 
all blood counts. Hemoglobin ivas determined by the Kewconier method, and tlio volume of 
packed erythrocytes was measured witli the AVintrobc hematocrit tube. Heticulocyte stains 
were made with the Wet film technique. Other laboratory determinations in this study included 
urinalyses, serologic tests for syphilis, gastric analyses after histamine stimulation, stool 
examinations, glucose tolerance tests, roentgenologic examinations of the chest and gastro- 
intestinal tract, bone marrow biopsies, and renal function and vitamin excretion tests. 

L. casei factor was administered cither orally or parenternlly in amounts which varied 
from 5 to 120 mg. daily. A few patients who failed to respond satisfactorily to L. casei 
factor were given pyridoxine, calcium pantothenate, iron, or liver extract as additional therapy. 

The clinical condition of each patient was checked at frequent intervals, and laboratory 
procedures were repeated as often as seemed advisable. The period of time during which 
patients have been followed has ranged from four weeks to more than six months. One 
patient has been studied at intervals for over two years. 

From the Nutrition Research Laboratory' of the Department of Medicine. Ttilane University' 
School of Mediciqo, and the Charity' Hospital of Louisiana at New Orleans. 

Aided by' grants from the Nutrition Foundation, Inc., and the United States Public Health 
Service* 

L casei factor was furnislied through the courtesy' of Dr. Stanton M. Hardy' of Hie 
Lederle Laboratories. Inc.. Pearl River, N. V. 

Received for publication. Sept, 10, 1910. 
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Some of the perlinonl lahoratorv nivd clinical lindings in the fiitcen paticiits 
with anemia who wove tveatod with L. cfisci factor arc given in Table I, The 
diagnoses which were made as to typn of anemia ave also indicated. The criteria 
which were used in diagnosinti pernicious anemia were those which are generally 
accepted, including absence of free hydrochloric acid from the gastric contents 
after liistaniino stimulation, a macrocytic anemia without demonstrable primarj* 
cause, and a liyperplastic bone marrow containing large numbers of megaloblasts. 
Good nutrition, elevation of serum i)iiirHhin, and mild neurologic changes Averc 
usually present. 

The diagnosis of sprue was made when tbore was steatorrhea, loss of weight, 
a macrocytic anemia with bone marrow findings similar to pemlclons anemia, a 
flat glucose tolerance test, and a deficiency pattern on x-ray examination of the 
small intestine. Pigmentation of the skin and gastric achlorhydria were found 
in one patient. 

The term nutritional maeroe.A'tic anemia Avas applied to patients who had 
keen recen-ing inadequate diets and in whom niacrocA*tic anemia occurred in 
assoeiatiou Avith sj-mptoms and signs of deficiency of A'itamins of the B complex. 
Diarrhea, glossitis, and loss of AA'eight Avere constant findings. Free hydrochloric 
acid Avas often present in the gastric .iuice after histamine stimulation. Fat in 
the stools Avas not increased. The bone niaiTow varied, being either hyper- 
cellular or depressed, and normoblasts or prononnoblasts were the predominant 
cell in some in-stanees. rather than megaloblasts. hlacrocA-tosis was usually le.ss 
pronimeut than in pernicious anemia of similar severity. Anemia of nutritional 
origin may respond to yeast or to a good diet without special medication. 

The seven patients wdth macrocytic anemia Avhose condition improved noth 
the administration of pteroyl glutamic acid responded to treatment in a char- 


acteristic manner. Reticulocytes in the blood increased at the end of two to six 
days reaching a peak after five to eloA'cn days. The rise Avas not as great as 
V’oiild liaA'e been anticipated had liver extract been administered, vaiy-ing from 
5 to 12 per cent. Similar findings Avere recently reported by Heinle, ‘Yfelch. and 
Melson." The increase in retiehlocytes often pei-sisted for long period.? of time 
especially if large amounts of L. casei factor were giA-en daily. The total ervthro- 
cyte count and the percentage of hemoglobin began to rise Arithin a week to ten 
^ays, the maximum being attained in twenty-four to forty-three days Avhen the 
amount of L. casci factor given was 15 m". daily. The initial leueocATe count 
Avas loAv in three instances and rose to normal in seven to fourteen days after 
therapy had been started. The number of platelets likeivi-se increased. Pour 
patients have been maintained in good clinical condition and n-itti a relativelv 
noiTual blood picture for over six months. 


In four instances (Patients 3 to 5 and 7) tlie bone mai-row was examined 
both before and after therapy Avith L. aisci factor. Regardless of whether the 
mitial findings Averc those of depression or stimulation tbore was a return to -nor- 
mal after six to eight Aveeks of treatment. 


Findings in Pcrnicions Anemia. -The diagnosis of peinieious anemia wa.s 

,.„<.c m pnt.cn.,. The tet tens . tvl.Un tvntnnn, 5.5 "cnr.s 
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a history o£ dyspnea, palpitation, and dizziness for six months prior to entering 
the hospital in November, 19-15. She bad diarrhea and vomiting at intervals and 
Iiad lost weight, although she was still obese. Wealmess, numbness of the fingers, 
and a yellowish discoloration of the skin had been present for one month. The 
patient stated that her sister was being treated for anemia Mutli liver extract. 
Physical examination showed moderate obesity, a pale lemon-yellow skin, a 
smooth red tongue with atrophic papiUac, slight cardiac enlargement, and a 
systolic mumur audible in all cardiac valve areas. Neurologic examination was 


T,\ble II. Hejiatologic Response of Patients With Pep-nicious Anemia to L. Casci Factop. 


PA- 1 
TIEKT I 

DAYS AFFEU 
BEG1^■K1XG 
THEUArV 

n.B.c. 

1 (Min- 1 
1 UONS) 

UB. 

(GM.) 

IICT.* j 

(7e r_B.C.)l 

•AMOUNT L. Casei 

factop. pep. day 

DIET 

1 

0 

1.7 

6.2 

20.5 

15 mg. I.M.,1 20 days 

Low protein, meat 







free 



3.5 

10.0 

35.0 

None 

Low protein, meat 







free 


47 

3.1 

9.5 

36.0 

15 ing. Orally 

Low protein, meat 







free 


90} 

4.0 

12.0 

40.0 

15 mg. Orally 

Regular 


IGO 

4.0 

11.2 

40.0 

15 mg. Orallyf 

Regular 


ISS 

4.3 

11.9 

41.0 

15 mg. Orally 

Regular 

o 

0 

3.5 

10.5 

36.0 

120 mg. Orally, 6 days 

Low protein 


9 

4.0 

11.9 

39.0 

30 mg. Orally 

Low protein 


24 

4.2 

13.5 

44.0 

30 mg. Orally]! 

Regular 


56} 

5.S 

18.9 

4S.0 

30 mg. Orally 

Regular 


S4 

6.0 

16.6 

5.5 

5 mg. Orally 

Regular 

3 

0 

1.7 

4.9 

14.0 

15 mg. I.M.,f 19 days 

Regular 


43} 

4.0 

12.0 

39.5 

None 



57 

3.5 

9.4 

39.0 

None]] 



106 

4.0 

11.5 

41.0 

None 



169 

3.0 

9.6 

31.0 

None 




190 

2.5 

7.S 

29.0 

None 

’ 


•Hct*, Hematocrit. 
tl.M., IntrairmsculaTly. 

tifaximum rise with given dose of h. easel factor. 
§Ferrous sulfate added, 1 Gm. daily. 

OLeft hospital. 


normal. The icterus index Avas 20, while other laboratory findings, except for 
the anemia, were Avithin normal limits. This patient was placed on a low protein 
meat-free diet and was given 15 mg. of L. casei factor daily, intramuscularly 
for twenty days. The hematologic response is shown in Fig. 1. After forty- 
seven days it Avas apparent that no further improvement Avould occur and she 
"■as given L. casei factor orally, 5 mg. three times daily. This medication has 
been continued for ISS days (Table II). At the end of three months a regular 
diet Avas instituted. This had no effect on the blood count which remained 
■slightly below normal Avith macrocytosis persisting. Iron was added to the 
therapeutic regimen, and after four weeks improvement of questionable si«mifi- 
eance occurred. During the seven months in which this patient has been ob- 
served she has gained weight and strength, the lingual papillae have re<^enerated 
and numbness oi the hands has disappeared. She is Avithout complaints and is 
^'orking daily in a newspaper office. 
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TJie second patient with peniicions anemia was a 57-year-old while man ^vho 
was treated with liver extract from A])ril, 1914, to Decciuher, 1945, at vliieli 
time he discontinned therapy. lie returned 1o tlie liospital in April, 191G, 
complaining of A\calaicss, mimhno.ss of the hands ajid feet, and soreness of the 
tongue. In addition to a mild macrocytic anemia Ihc positive finding-s on ev 
amination were a pale, smooth tongue, ahsenec of vibratory sensation and 




Fig. 2 — Hypoplastic anemia treated ^^^th L. casei factor 


diminished reflexes in botli lower extremities, achlorhydria following histamine 
administration and atrophic gastritis m\olvmg the pyloric antrum, and pars 
media of the stomacli on gastroscopic examination. The initial blood pictnro 
and the response to tiierapy witli L. casci factor is shown in Table II In this 
patient a verj”^ marked increase in botli erythrocytes and hemoglobin has occurred. 
This is the only instance in which high noimal levels have been attained 
Whether or not the massive dose of L casei factor which was used is responsible 
for this finding will require further stud.y Tlie patient feels well, numbness and 
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weakness have disapiH’iirecl. voUexes iu 3)otli legs arc normal, and vibratory sensa- 
tion has returned in the left lower extremity. 

The third patient inclndcd in this grouj) was at fii’st thought to have aplastic 
anemia. However, the subsequent eoui-sc suggests that he, too, has pcnricious 
anemia, lie is a colored man. 1(1 ycar.s o£ age, who entered the hospital in 
November, 1915, complaining for the past eight weeks of weakness, dj'spnea, and 
suhsternal distress on exertion. In 1943 he Avas treated for amebiasis. At 
that time a severe anemia was discovered but therapy was not instituted. Physi- 
cal examination in. 1945 showed a well-nourished Negro with pallor of the skin 
and mucous membranes. The tongue was atrophic. There was a faint systolic 
murmur audible in all cardiac valve areas and the liver Avas palpable. ScA-eral 
gastric analyses showed achlorhydria. Other lahoraton' findings including x-ray 
examination of the chest and gastrointestinal tract Avere normal, except for 
anemia Avhieh Avas normoeytie and normochromic in type. The bone marroAV 
Avas markedly depressed; lAnnphocytes predominanted but a few megaloblasts 
Avere seen. It Avas suggested that these findings might represent pernicious 
anemia in an aplastic phase. L. casci factor Avas administered intramuscularly 
in amounts of 15 mg. daily for nineteen days. The response to therapy is illus- 
trated in Fig. 2. No further treatment has been given, and the blood count has 
decreased. Although he feels Avell at the present time, the patient has a 
macrocytic anemia of modei’ate severity (Table II). 

Findings in Nutritional Macrocytic Anemia. — ^Four patients Avithi nutri- 
tional macrocytic anemia were treated AAuth L. aisei factor (Patients 4 to 7). 
All were AS'hite Avomen over 60 years of age who had been eating verj* limited 
diets, inadequate in caloxnes and in A'itamins of the B complex. Each patient 
complained of anorexia, soreness of the tongue, diarrhea, and loss of Aveight. 
Three patients had free hydrochloric acid in the stomach. Bone marrow findings 
Avere variable (Table I) . Titamin excretion tests in each of the four patients 
shoAved a subnormal output of thiamine, niacin, and riboflavin. 

Patient 4 Avas extremely weak and emaciated AA-hen admitted to the hospital 
in October, 1945. She had been vomiting for tAvo Aveeks, AVas dehydrated and 
semistnporous, and appeared much older than her actual age of 68. She was 
incontinent of both urine and feces. The skin Avas diy and pale. The tonmie 
AA'as red, smooth, and atrophic, and only three carious teeth remained iu the 
mouth. The heart Avas slightly enlarged to the left, and the electrocardiogram 
showed loAv QRS complexes, a prolonged (^T interval, and inverted T A\-aA'es in 
Lead I. The erythrocyte count on admission was 700,000 per cubic millimeter 
with an hematocrit reading of 8.5 per cent. Serum proteins were reduced to 
5.5 Gm. per 100 c.c. of blood. Other laboratoiw findings were not remarkable 
The patient received three transfusions, a high caloric diet, thiamine niacin 
and riboflavin. She became mentally clear, gained strength, and sphincter con- 
trol returned. The tongue was unimproved. After a month, thi.v thei-apr Ava.s 
discontinued aud she was placed on a low protein diet. L. casei factor was 
administered in amounts of 15 mg. daily intramuscularlv for tAventv dav.s Th 
anemia improved as shown in Talflc III. The papillae of the tongu^ reg'enerated 
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rapidly. Several months later L. casci factor was given orally, 10 mg. three 
times daily. The blood count at the end of two montlis of treatment with this 
large amount of L. casci factor is essentially normal. The patient feels well, 
has gained 35 pounds, and all symptoms of anemia have disappeared. 

Patient 5 had noted weakness and swelling of the ankles for nine months 
before entering the hospital. At the time of admi.ssion she was confused, semi- 
stuporous, and the rectal temperature was 102° Fahrenheit. Blood pressure was 
180/60, pulse rate 110. The mouth rvas edentulous and the tongue purplish red 
and atrophic. There was slight cardiac enlargement, a blowing sy.stolic murmur 
in all of the valve areas, occasional premature contractions, rales at the base 
of the left lung, ascites, and edema of the legs. The calf muscles were ex- 
tremely tender. Venous pressure and circulation time were sliglitly elevated. 
A glucose tolcrajiee test showed a flat curve; scrum proteins were normal. 



Fig:. 3. — Nutritional macrocytic anemia treated with It. casci factor. 

Liver function as measured by the hippuric acid and cephalin flocculation tests 
■was normal. The urine contained 3 per cent moist albumen. The patient was 
digitalized and treatment -with L. casci factor was instituted. The hematologic 
response to 15 mg. given parenterally dailjr is shown in Fig. 3. From a clinical 
standpoint there was rapid improvement. The patient developed a ravenous 
appetite, gained in weight and strength, and papillae of the tongue regenerated. 
The edema gradually disappeared and cardiac compensation was restored. 
Subsequent therapy and the changes wdiich occurred in the blood picture are 
shown in Table III. L. casci factor was effective "with either parenteral or oral 
administration, but the blood count remained below" normal. Increasing the 
amount of L. casci factor to 30 mg. a day has not resulted in further improve- 
ment. 

Patient 6 wms first seen in Hlay, 1945, at which time she complained of 
W"eakness and burning of the tongue of five months’ duration and a loss in 
w"eight of 55 pounds. For three months she had noted paresthesias of the toes 
and for one month diarrhea, three or four w^atery stools daily, and edema of the 
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ankles. Examination showed imdcriiutvition, glossitis, a macrocytic anemia of 
mild degree, and tenderness of the calf muscles. A diagnosis of deficiency of 
the vitamin B complex was made, and treatment with thiamine, niacin, ribo- 
flavin, and brewers’ yeast was instituted. After one month the patient was 
discharged from the hospital much improved. 

The patient returned in April, 1946, at which time she was so Aveak she 
could hardly stand. She had noted a sore tongue, diarrhea, dyspnea on excre- 
tion, edema of the ankles, and painful feet. She was irritable and did not 
cooperate Avell. Her diet for five months had consisted largely of rice, grits, 
and gravy. She weighed 78 pounds. The tongue was red and no papillae were 
visible. Cheilosis with angular maceration vvas present. There was definite 
evidence of peripheral neuritis involving both lower extremities which were 
also edematous. The heart and lungs were normal. Blood pressure was 95/60. 


T.^ble III. Hematolooic Finiuxgs jx Patie.st.s With Kutkitioxal AUcrocytic Axeaha 

Treated With L . Casei Factor 


PA- 

tirxt 

BAYS .WTER 
BEGIXXIXG 
therapy 



HOT.* 

(% n.B.c.) 

AMOEXT L. Casei 1 

FACTOR PER DAY 

DFET 

4 

0 

2.3 

7.0 

22.0 

15 mg. 20 days 

Lon- protein, meat 







free 


2-ii 

4.5 

11.0 

.39.0 

None 

High vitamin, high 







caloric 


103 

3.3 

10.0 

36.0 

30 mg. Orally 



12G 

3.7 

11.0 

42.0 

30 mg. Orally? 



179 

4.4 

14.9 

46.0 

5 mg. Orally 



200 

4.0 

13.0 

46.0 

5 mg. Orally 


5 

0 

l.S 

0.0 

20.0 

15 nig. I.M.,t 20 days 

Loir protein, meat 







free 


30t 

3.4 

9.0 

34.0 

Kone 

Eegnlar 


54 

3.2 

9.0 

34.5 

15 mg. Orally, 19 days 

Regular 


93 

4.0 

10.7 

38.0 

15 mg. Orally? 



154 

3.9 

10.8 

38.0 

30 mg. Orally 



1S9 

4.2 

10.4 

37.0 

30 mg. Orally 


6 

0 

2.3 

S.4 

29.0 

40 mg. I.M.jt 3 times 

High protein 






weeklv 



35t 

3.0 

10.7 

38.0 

40 mg. I.M.jt 3 times 







weeklr 



00 

3.7 

9.9 

37.0 

100 mg. Orally, 7 days 

High protein 



S4 

4.0 

9.9 

37.0 

None 


•Hct., Homatocrit. 


tl.M., Intramuscularly. 

tMaximum rise with given dose of L. ca^ei factor. 
§L/eft hospital. 


Roentgenologic examination of the gastrointestinal tract was without abnormal 
findings. There was achlorhydria after histamine administration and serum 
proteins were reduced (5.46 Gm. per cent). Liver function tests were normal. 
There was a moderately severe macrocj-tie anemia. L. casei factor was admin- 
istered in amounts of 40 mg. intramuscularly three times weekly, and a hi<Th 
protein diet was instituted. The anemia improved (Table III)' but a com- 
pletely normal blood picture was not attained. After receiving 100 m<T of 
L. casci factor orally evmy day for one week there was onlv a slijit additional 
rise m the blood count. In spite of the persistence of mild anemia the patient 
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lias improved remarkably, lidema has di.sapjieared, pajiillae of the longue have 
regenerated, and cheilosis has healed. Thiamine was administered in amounts 
of 10 mg. three limes daily after the first two weeks in the lio.spital, and there has 
been complete recovery from the peripheral neuritis. The patient has gained 
28 pounds. 

Patient 7 has been followed for more than two years. When first seen 
in October, 1943, she. complained of anorc.Kia, diarrhea, and vomiting for sLk 
months. She had lost 70 pounds. Slio was undernourished, pale, edentulous, 
and had an atrophic tongue. The heart wa.s not enlarged. There was a .soft 
blowing apical systolic murmur and occasional ])remalure contractions. Peri- 
pheral blood vessels were extremely .sclerotic, .‘>he had a macrocytic anemia, 
leucopenia, and thrombopenia. There was free acid in the .stomach. Extensive 
investigation showed no evidence of malignancy, infection, or disease of the 
liver. Since 1944 this iiatieiit has been treated at intervals with various anti- 
anemic substances. In April. 1944, o mg. of folic acid concentrate and 100 
of calcium pantothenate were given daily for one week. Ileticuloeytes in- 
creased to 12 per cent on the ninth day; this was followed by an increase in 
crj’throcytes and hemoglobin (Table IV). Polic acid concentrate was given 


Tablu IV. Hematologic Fixdi.xg.s ik ]>atie.\t tVmi ICutiutioxal JtAcr.ocvTic Axemia 
Tkeated With “Folic Acid” at Ixteuvals fop. Twextv-Si.v Mo.vths 



[ IlLOOU I'ICTUKE 1 


DATE 

D.B.C. 

(MILLIONS) 

MB, 

(GM.) 1 

UCT.* 

( % PACKED 

n.n.c.) 

.MEDICATION f 
(AMOUNT GIVEN DAILY) 

4/23/44 

1.7 

5.0 

15.0 

Folic neid coiicontrnto,) 5 ing., and cnl- 
cium nnntollienato, 100 mg.; 4/2.3/44 to 

5/ S/44 

2.5 

7.5 

2C.0 

5/29/44 

2.7 

7.5 

28.0 

4/30/41 

10/ 7/44 

3.3 

11.5 

34.5 

Folic ncid coiiccntrntc,t 5 mg.; 10/7/44 

10/28/44 

4.1 

13.0 

39.0 

to 10/14/44 

0/ 8/45 

2.1 

9.1 

28.5 

Cry.stallinc folic acid, 5 ing., and calcium 
))antotIicnatc, 10 mg., C/8/45 to C/15/45 

7/12/45 

3.0 

11.5 

3C.0 

10/19/45 

2.3 

9.5 

24.5 

L. casci factor, 5 mg.; 10/19/45 to 
10/28/45 

11/ 9/45 

2.5 

10.5 

31.0 

L. casci fjictor, 5 mg., and calcium panto- 
thenate, 10 mg.; 11/9/45 to 11/18/45 

11/23/45 

2.9 

11.5 

34.5 

L. casci factor, 15 mg., intramuscularly; 
11/23/45 to 11/29/45 

12/ 1/45 

4.2 

10.5 

35.0' 


12/17/45 

3.0 

11.5 

37.5 

L. casci factor, 15 mg.; 1/20/40 to 
2/10/4G 

1/2Q/4G 

3.1 

10.0 

38.0 

2/ 9/4G 

4.1 

10.2 

37.5 


2/20/40 

3.4 

10.5 

.37.5 

L. casci factor, 30 mg. 

3/18/46 

3.9 

11.0 

37.5 

4/22/4G 

4.0 

11.0 


i. casci factor, 30 tag. 

5/27/46 

4.1 

12.0 

39.0 

L. casci factor, 30 mg., and pyridoxine, 
30 ing. 

G/24/4G 

4.2 

11.3 

39.0 

L. casci factor, 30 mg., and pyridoxine, 
30 mer. 


•Hct.. Hematocrit. 

tGiven orally except 11/23/45 to 11/29/45. 
^''Fermentation” folic acid. 


TRKATMKN'T 01' MACROCVTIC AXKAIIA WITH Ij. CA-SKI FACTOR 


1195 


again in October, 1944. A slight improvement in the blood picture occurred. 
Crystalline folic acid wa.s followed by a similar hematologic rc.sponse in June, 
1945. Since synthetic L. eaxei factor has been available it lias been admin- 
istered in vaiA'ing dosage on several oceiisions, eitiier alone or in combination 
with calcium pantothenate or pyridoxinc. In mo.st in.stances there has been 
hematologic impi'ovcmcnt with L. canci factor, although large doses have 
not brought about an increase in erythrocytes above 4 to 4.2 million or of hemo- 
globin above 11 to 12 grams. It is of course po.ssiblc that this is a nonnal 
blood picture for this patient. In these studies there is no definite evidence 
that calcium pantothenate or pyridoxine influenced blood regeneration. 

Tins patient has been treated also with liver extract, yeast, iron, and 
individual vitamins of the B complex. The hematologic changes over the period 
of one and one-half years 'U'ith various medications are shown in Fig. 4. Oral 
liver extract given after the administration of folic acid concentrate was with- 
out effect on the blood picture, wliile concentrated liver extract given parenter- 
ally brought about a marked rise in crythoeytes and hemoglobin. On one 
occasion brewers’ yeast, three ounces daily, was given for five weeks rvithout 
effect. There Avas no improvement rvith 1 Gm. of ferrous sulfate daily for two 
months or AA-ith 15 mg. thiamine, 150 mg. niacin, and 5 mg. riboflavin, 
daily for one month. 


A R ujhi-fce fenviie 67 
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Fie. 4.— Hematologic response to various therapeutic agents in a patient with nutritional macro- 
cytic anemia. (April 24. 4944. through Feb. 23, 1946.) macro- 


Findings in Sprue.— Two patients Avith sprue have been treated with L. casei 
factor. Patient 8 (Table I) has been knoAvn to have sprue for fourteen rears. In 
1932 at the time the original diagnosis was made, her weight had deerea.sed from 
150 to 55 pounds. She had steatorrhea, abdominal distention, glossitis, ulcers 
of the mouth, profound anemia of macrocytic type, and Aveakne.ss so marked 
that she could scarcely move in bed. Since that time she has been eatimr a 
diet high in protein and bananas and has received liver e.vtraet Whenever 
liver has been omitted tbe blood count has fallen and SA-mptoms of anemia have 
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reappeared. The steatorrhea Jias never been complete]}' controlled. Even when 
the blood count was high (eiythroeytcs 4.5 to 5 million) she has had occasional 
bully, frothy stools containing large amounts of fat and fatty acid. In April, 

1945, liver extract was discontinued, the diet remaining constant. By January, 

1946, she had lost 7 pounds, stools had become increasingly fatty, the tongue had 
become sore, and the blood count had fallen slightly (Table I). Boentgenologie 
examination of the small intestine showed a tyirical deficiency pattern. Slic felt 
weak and was unwilling to remain without therapy for a longer period of time, 
L. casci factor, 50 mg., was given daily by mouth, and meat was withdrawn 
from the diet, wdiieh did, however, include bananas and milk. Within three 
days she felt stronger. The bowels improved markedly and she had only one 
large stool daily -which contained less fat. Sorene.s.s of the tongue was relieved 
and papillae reappeared on the sides and tip. The patient regained her lost 
weight. The blood count showed no change at the end of tlu’cc weeks. L. casci 
factor was given intramuscularly, at first 20 mg., tiien 40 mg. three times a 
week for a total of five weeks. The blood count remained essentially the same. 
However, the percentage of reticulocytes which had been 0.2 to 2 before therapy 
ranged from 1 to 4 per cent when L. casci factor was administered. iMeat was 
added to the diet without any effect on the anemia. The addition of pyridoxine 
to the regimen was also without benefit. At the end of three and one-half 
months, therapy with L. casci factor was discontinued and injections of con- 
centrated liver extract (30 units) were gii’cn three time.s a -week for four weeks. 
The percentage of hemoglobin and volume of packed red cells remained the 
.same, but the eiythrocyte count increased from 3.6 to 4 million per cubic milli- 
metex’. Eeticulocytes varied from 4 to 6 per cent. This slight change suggests 
a decrease in macrocytosis. 

The second patient wdth sprue (Patient 9) xvas fust seen in August, 1945. 
She had a history of diarilxea of fatty type for two yenis, a loss of 15 pounds in 
weight in the previous four months, and burning of the tongue. A glucose toler- 
ance test shoAved a flat curve, and there was histamine refi’actory achlorhydria. 
The stools contained lai-ge amoimts of fat, aixd examination of the blood shoxved a 
macroc}'tic anemia. Jlaiked improvement occurred with a diet high in protein, 
low in fat and carbohydrate, and injections of crude IxA'cr extract. Ti’eatment 
Avas stopped in Oetobei’, 1945, and in April, 1946, the patient had again de- 
veloped fatty diarrhea, a sore tongue, and liad lost Aveight. Tlie blood count 
at that time is given in Table I, L. casci factor, 30 mg., Avas given orally daily 
for three AA'eeles, at Avliieh time erytlioeytes Avere 3.8 million per cubic millimeter, 
hemoglobin 11.6 Gm., and the A’olume of packed erythrocydes 40.5 per cent. 
Calcium pantothenate, 30 mg. daily, was prescribed in addition to L. casei factor 
for another three weeks, at Avhich time erytlioeytes Avere 3.9 million per cubic 
millimetei’, hemoglobin 11.3 Gm., and the A'olume of packed red cells 40 per cent. 
Although the anemia AA'as not significantly influenced by therapy, the diarrhea 
Avas controlled, soreness of the tongue disappeared, and the patient gained 6 
pounds. Therapy was then changed to liver exti'aet, 15 units being gii'en three 
times the first Aveek and 30 units three times a Aveek for the subsequent tAvo 
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weeks. Rcliculocyles increased from 3 to G per cent, wliile erythrocytes and 
hemoglobin rose to 45 million per cubic millimeter and 12 Gm. per cent, re- 
spectively. The volume of packed red cells increased to 41 per cent. 

One patient with a celiac syndrome was treated with L. casci factor 
(Patient 10). He was a 4-year-old white boy who was underdeveloped and 
emaciated and who had had steatorrhea .since the age of two or three veeks. 
A diagnosis of pancreatic fibrosis Avas considered but not proved. Anemia was 
normoejdic and nomoehromic and failed to improve with iron. M hen L. casei 
factor was administered the stools became less frequent and more fonned. There 
was a slight gain in weight. Hematologic studies showed the following after 
thirteen daily injections of 20 mg. of L. caacj factor ; erythrocytes had increased 
from 3.9 to 4.5 million per cubic miUlmcter, hemoglobin from 10.9 to^ 12.5 Gm. 
per cent, and volume of packed red cells from 38 to 40.5 per cent. This change, 
while small, seemed definite. 

Other Types of A-ncmia. — Two patients with aplastic anemia (Patients 12 
and 13, Table I) received L. casci factor without benefit. Patient 13 was an 
S-year-old white boy ; Patient 12 was a colored man, 51 years of age. In neither 
instance could any cause of the anemia be discovered in spite of extensile 
investigation. In one instance (Patient 12) the anemia was macrocytic. This 
patient was given 5 mg. and then 30 mg. of L. casei factor daily. At the end 
of one month there had been no improvement and it had been necessary to give 
several blood transfusions. Patient 13 received 20 mg. of L. casei factor. 
parenteraUy daily for ten days, then 40 mg. daily for a similar period. There 
was no change in the blood picture, and seven blood transfusions were needed 
in a period of fifty days. 

Patient 11 (Table I) had a macroGj-tic anemia, the cause of which could 
not he determined. On admission to the hospital, the tentative diagnosis was 
pernicious anemia with degeneration of the posterior and lateral columns of 
the spinal cord. The patient was an emaciated colored man who was extremely 
weak. There was loss of vibratory and position sensibility and absence of the 
deep reflexes in both lower extremities. The Babinski reaction was positive on 
the left, and there was loss of sphincter control. There was a macrocytic anemia 
which was hypochromic suggesting that iron deficiency was complicating the 
picture. The patient had no glossitis, and the bone marrow' while hyperceUuIai- 
did not contain megaloblasts. Physical examination and numerous lahoratorv- 
studies including spinal puncture and x-rays of the chest and gastrointestinal 
tract failed to show any evidence of neoplasm or infections disease. L. casei 
factor was given in amounts of 15 mg. daily for two weeks without any effect. 
The patient developed a urinarj- tract infection and bed sores and died after 
one month in the hospital. An autopsj' could not he obtained. 

Patient 14 who had mj-xedema and a mild macrocytic anemia was gi%'en 
30 mg. of L. casei factor daily for fifteen days without benefit, which finding 
was not unexpected. She also failed to improve ^vith liver e.xtraet. 

Patient 15 had regional ileitis with a mild anemia which had improved 
somewhat with therapy \vith liver extract. It was felt that L. casci factor migiit 
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benefit the mild macroeytic anemia whicJi iJorsisled ; thererore, liver injections 
were discontinued and L. caaci factor was given in 20 mg. do.se.s intramuscularly 
at intervals for five week.s, a total of 500 mg. being adinini.stcrcd. There was 
no change in the blood picture. 


mscussiox 

The pi-eceding case reports indicate that L. caxei factor (pteroylglutamic 
acid) is a potent hemapoietic sui)stance in i)ernicious anemia and in anemia of 
nutritional origin in which macrocytosis is a feature. Clinical improvement 
I)aral]elcd hematologic re.spon.se in all instances. A gain in weight and strength 
and relief of glossitis witli regeneration of lingual i)apillac occurred. These 
findings are corroborative of tliose reported by other investigators. In addition, 
one patient with pernicious anemia had neurologic changes which have improved 
w’ith therapy, although, as yet, complete return to normal has not been obtained. 

Findings in this .study differ .sliglitly from lliosc previously reported in 
that the reticulocyte respon.se to L. caxei factor was mucli le.ss tiian would have 
been anticipated with liver extract. Also tiic mild anemia of two patients with 
sprue was unaffected by pteroylglutamic acid, although improvement in other 
respects was noted. Liver extract, administered .sul)sequently, was without 
effect on the blood picture of one of these patients but led to improvement 
in the other. Iron, in one instance, was not beneficial. 

In previous studies L. cosci factor has been administered only to patients 
in whom the bone marrow' w'as hyi)crplastic and contained megaloblasts. In 
two patients in this series the bone marrow was depressed, and yet marked 
hematologic improvement occurred. In both instances, megaloblasts were the 
predominant cell of the hyi) 0 ]>laslic marrow. Hematologic response also oc- 
curred w'ith a cellular mari'ow' in 'which pronormoblasts or normoblasts pre- 
dominated. L. casei factor Avas not beneficial in aplastic anemia. Differentia- 
tion of anemias in Avhieh the bone marrow is dci)rcssed into those AA'hieh Avill or 
will not respond to L. casei factor is difficult. If nutritional deficiency is present, 
or if megaloblasts are seen in the bone marrow', tlierapy w'ith L. casei factor 
should be given a trial. 

Eight patients have been treated continuously w'ith L. casei factor for 
several months. In tAvo the blood picture has become essentially normal 
(Patients 2 and 4). In the other .six (Patients 1, 5 to 9) the hemogram has 
remained beloAv the average normal,® AA'ith erythrocj'tes varying from 3.9 to 4.3 
million per cubic millimeter and tlie hemoglobin from 9.1 to 11.0 Gm. per 100 
cubic centimeters. The volume of packed red blood cells has ranged from 36 
to 41 per cent AA'hich is essentially normal. A deficiency of iron may account 
for some of these findings, and therapy Avith ferrous sulfate has been started 
in several patients. The amount of L. casei factor administered does not accoiAnt 
for the subnormal blood picture, as seven of the eight patients received 30 mg. 
or more daily at some time during treatment. This large quantity does not 
appear to be more effective than 15 mg. daily. In all likelihood the smallest 
quantity required to produce a maximal response Avill he found to be less than 
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15 mg. daily in mast paticnt.s. witli an even smaller amomil needed lor mainte- 
nance. Several patients arc being treated at the jire-sent time ■with 5 mg, daily. 

Very little d.ll’crenee has heen noted hetween the response of patients to 
L. casci factor and to liver extract other than the finding of a smaller rise in 
reticulocytes with the former, in most instances, and the ohservation that 
L. casci factor is ecinally effective with oral or ])arcntei‘al administration. The 
anemia of one patient with sprue in this series of eases responded to liver ex- 
tract but not to L. casci factor. As lloore and associates" have indicated, the 
hemapoictic effect of liver extract cannot he attrihuted solely to the content of 
L. casci factor. Some extracts of liver contain very little, far less than enough 
to produce therapeutic effect. Also, crystalline material obtained from liver 
extract has pi'oduced maximal rctimiloeytc rcs])onse in pcniicious anemia in 
relapse when given in quantities of only 0.035 mg. daily.® Thus, while pteroyl- 
glutamic acid and the erythrocyte maturin" factor in liver extract produce 
similar effects, they appear to differ chemically and the mechanism of action of 
each requires elucidation. 

SUJIMARY 


L. casci factor (pteroylglutamic acid) has heen administered to fifteen 
patients with anemia in amounts of 5 to 120 mg. daily. Three patients with 
pernicious anemia and four with nutritional macrocAffic anemia improved 
clinically and hematologically. There was a rise in reticulocytes and an in- 
crease in eiythrocj'tes and hemoglobin which reached normal levels in two 
patients and remained slightly below normal in five. LeucocAdes and platelets 
rose to normal in each instance in Avhich initial values were low. In. two 
patients who responded satisfactorily to pteroylglutamic acid, the bone marrow 
Avas depressed rather than hyperplastic and returned to normal within four to 
six weeks after therapy was instituted. 

Two patients with spime improved clinically, but the mild anemia A\-hich 
was present in each was unaffected by pteroylglutamic acid. The administra- 
tion of liA'er extract failed to influence the anemia in one instance but was 
followed by improvement in the other. One child with a celiac .SA-ndrome was 
benefited slightly from both a clinical and hematologic standpoint AA-hen L. casci 
factor was administered. 

L. casci factor was ineffectual in the treatment of two patients Avith aplastic 
anemia and of one patient each Avith macrocAdic anemia associated Avith mvx- 
edema and regional ileitis and macrocytic anemia of unknawn origin. 

One patient Avith pernicious anemia and three patients with nutritional 
macrocytic anemia have been maintained in excellent condition for more than 
six months Avith pteroylglutamic acid as the therapeutic agent. 


The author rvishes to express appreciation to T)r. PizKiloto, for his cooperation in ob 
t.aining bone marrow biopsies, to Mi=s Alma Lonsdale and Miss Bettv Oninn for tPPPn.Voi 
ass stance, and to Dr. G. Van Langorman and members of the inter^ anh rt dem staefo^the 
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STUDIES IN IRON TRANSPORTATION AND ]\LETABOLISi\I 

V. Utilization of Intraatskously Injected Radioactive Iron for Hemoglobin 
Synthesis, and an Evaluation of the Radioactive Iron ^Iethod 
FOR Studying Iron Absorption 


Reubenia Dubacit, Pii.D., Carl Y. Moore, jM.D., and Virginia JIinnich, lil.S. 

St. Louis, ]\ro. 


T he data to be reported herein were obtained in a sj’steniatic study of the 
utilization of iron for liemoglobin sjTithesis. Observations were made both 
in human subjects and in dogs, under normal conditions and in the presence of 
various types of anemia. The metliod used was essentially that developed by 
Hahn and associates.^ Tracer doses of radioactive iron (Fe'^'’)® were injected 
intravenously, and the amount Avhieh later appeared in the peripheral blood as 
newly fomed hemoglobin was measured.- In this way, both the rate and com- 
pleteness of iron utilization Averc folloAved. It soon became apparent, however, 
that exact interpretation of results Avas frequently difficult because of A'aria- 
tions in the rate of red blood cell formation and destruction. For instance, 
subjects with simple iron deficiency built aU of the parenterally administered 
isotope into hemoglobin within six to nine days, while patients whose iron de- 
ficiency was associated with fever or a chronic debilitating disease used the iron 
more sloA\'ly and less completely. In these subjects, it Avas impossible to dif- 
ferentiate between an abnormality in iron utilization and some other disturbance 
in erythrocyte or hemoglobin formation.®- * Patients AA-itli hypoplastic anemia 
used very little of the injected radioiron for hemoglobin synthesis, presumably 
because they were forming few new red blood cells. This same relationship was 
even more clearly demonstrated in observations on patients with untreated per- 
nicious anemia. Radioactive iron appeared slowly in the circulating hemo- 
globin of these subjects until liver extract was injected; its utilization was 
then sharply accelerated and eventually became complete. Increased rates of 
red blood cell destruction also influenced results. In patients Avith hemolytic 
anemia, the radioiron appeared very promptly in the circulating hemoglobin, 
hut the concentration of radioactivity quickly leveled off at values usually much 
less than 100 per cent of the injected amount. Iron in these subjects was cer- 
tainly being utilized at a rapid rate, and failure to recover aU of the radioiron 
in circulating hemoglobin could not be interpreted as indicating poor utiliza- 
tion. As will be emphasized later, the results in hemolytic anemias are com- 
patible Avith the thesis that recently stored iron is more easily mobilized than 
iron stored for longer periods and is drawn upon for daily needs.®- ® 'When 
iron ut ilization is studied by the radioactive iron technique* therefore, several 
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variables are involved. Wliilc interj)relalion of resiilt.s is eonseqiiently more 
difficult and complicated, the results arc of considerable interest. 

In addition to providing fundamental information about both iron utiliza- 
tion and rales of hemoglobin .synthesis, the results suggest that a re-evaluation 
.should be made of the radioactive iron lechnirpie as a method of mea.suring iron 
absorption from the gastrointestinal tract. 'With this method, the amount of 
radioactive iron vliich appears in the total circulating blood within five to seven 
days after oral administration of the i.solope is determined, and the ratio of this 
value to the total quantity of tagged iron ingested is taken as a measure of the 
amount absorbed.’- Sufficient cnqihasis has not been given to the fact that 
the method measures only that portion of the ab.sorbed iron which is utilized 
for hemoglobin synthesis. In experiments with normal and anemic dogs, sac- 
rificed at vaiying limes after radioiron had been fed, Ilahn and co-workers’ were 
able to demonstrate very little radioactive iron retained in the tissues. The 
assumption that iron utilized Avas equivalent to the amount ab.sorbed was, there- 
fore, thought to be a fair one. licsulls .summarized in tlic preceding paragi’aph, 
however, suggest that the assumption is not valid when ratc.s of red blood cell 
fonnation and destruction arc disturbed. Other exceptions also have been de- 
scribed. Tavo groAving puppies fed radioiron Avere found to have approximately 
three and four times as much of the isotope in their tissues as in their blood.® 
They had been giA-en the tagged iron during the course of tAventy-scA'cn days and 
had not been sacrificed until IavcIa-c days after the last dose. Utilization of the 
absorbed iron AA-as so sIoav that a totally false impression Avould haA-e been gained 
if the quantity AA-hieh appeared in the blood as neAA’ly .synthesized hemoglobin had 
been used as the only measure of absorption. Hahn and a.ssociates,’^ fuilher- 
more, found that fourteen daj's after radioiron as ferric ammonium citrate had 
been giv'en intraA-enously to a nonnal dog the liver contained S2 per cent of the 
injected dose. These seA-eral con.siderations indicate clearly the need for an 
accurate definition of those circumstances in Avliich iron utilization for hemo- 
globin sjuithesis is sufficiently complete tliat the radioactiA-e technique can 
validly be used for measuring iron absoi-ption. 

For the sake of clarity, this paper Avill be diA-ided into tAvo parts. The 
first AA'ill present data on the utilization of injected radioiron; the second aaIH 
relate this information to the radioactiA-e iron method for studying absorption 
and AAnll present additional pertinent data. 


jMATEni..VIi AND METHODS 


The liunuen subjects used Averc: (1) p.utionts in the B.arnes Ho.spit;il wlio volunteered 
as subjects and (2) healthy men, members of the house staff avIio had .«ua'ered no hnoivn 
blood loss and avIio had not recently served as donors for transfusions. The dogs were 
mongrels which had been kept in the animal quarters for at least a month, and usually much 
longer, before experimental observations Avore begun. During this time they AAere housed 
in individual cages, Avormed, and fed Purina dog cIioaa-. 

Hematologic techniques, methods for preparing samples and for measuring radioactiA-ity,* 
Avero the same as those previously described.ia The method of purifj-ing the iron to free 


vriotMl GeiKer counter tube AA'ith an aluminum avIiuIoav. supplied bj- the Pbi'.sics Depart- 
„fWMoViinirton Universit}', has been used since lO-I!). This tube is less sensiti\-e than tlie 
Avindow counter which Avas used in the early part of tliis investigation but is more rueged. 
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it from mtioactue cobivlt and nian"aiio>-o, formed during the bombardmont nith deufcrons in 
a c\clotron, has al«o been pubVi4icd in detaUdi lladioacti'c ferrous a^eorbatc nas prepared 
for intTa^enou'• injection from a stock rad\oaeti%c ferric cldoridc solution as follo'NS. Ferric 
hidroNide nas precipitated bv the addition of KaOH, the precipitate nas spun down bj 
centrifugation, and tlie .supernatant liquid "nas discarded, Tnc parts of ascorbic acid to one 
part of iron wore added to tlie precipit.ale in tlie ccntrifiigo tube, and tlie niKture was stirred 
until the iron hydroxide di'suhed. A few eiibie eentinictcrs of water were added, and the 
mixture was shaken rigorously for fire minutes or until a purple solution was formed. Tliis 
was poured into 20 roliimc-. of neotone, tlic precipitated ferrous ascorbate w.a= filtered off, 
and the salt was dried in a raeuutii desieeator,*' Solutions of ferrous ascorbate arc unstable 
and arc decomposed by autoclar iiig. TIic salt, therefore, was kept in the dry state until im- 
mediately before it was to bo lujcetod. It was then dissolred m sterile o per cent glucose in 
normal salino and a measured amount was iniceted. A small portion of each solution was 
kept for determination of the actual iron content and for preparation of a standard for the 
radioactirity determinations. The do=es of ferrous ascorbate used were small (less than 0.5 
mg. per kilogram of body weight) and caused no reactions. A few subjects noted tingling 
at the site of the injection and a few detected a mct.allic taste. Dogs were frequently given 
ferric chloride instead of ferrous ascorbate. 

To determine the radioactiro iron in urine, feces, and tissues, it was necessary to sepa- 
rate the iron from phosphates by ether extraction. The material was wet-digested with 
sulfuric and perchloric acids, and the digest was made alkaline w-ith sodium hydroxide. The 
copious precipitate of phosphates was dissolved in 6 IS” HCl and extracted with ether that had 
previously been saturated with G N" HCl, by shaking in a separatoiy funnel. Two extrac- 
tions were usually sufficient. In the case of urine and tissues low in iron, 1 or 2 mg. of inert 
iron as FeCl^ were added to the digest as a carrier. The iron was recovered from the ether 
layer by shaking with normal HCl, the solution was waraed to evaporate the ether, and the 
iron was precipitated as the hvdroxide and electroplated and counted as previously de- 
scribed.i 2 

In the calculation of the percentage of the dose which appeared in the peripheral blood, 
the blood volume was arbitrarily assumed to be SO c.c. per kilogram. This assumption was 
probably no more inaccurate than would have been the estimation of red blood cell mass from 
determination of blood volume made by standard dye procedure'. Correction was made for 
the iron removed in sampling. 


I. Utilization of Intravenously Administered Badioactive Iro7i 

A. Healthy JJiiinaii Subjects and Xormal Dogs. — ^Radioactive ferrous as- 
corbate was given intravenously in single doses wkicb provided 9 to 18 mg. of 
the metal to four healthy young men, only one of whom bad served as a donor 
tvithin the previous j-ear. The rate and completeness of iron utilization are 
illustrated in Fig. 1 ; hematologic data are recorded at the bottom of the chart. 
By the sixth day, 60 to TO per cent of the in.iected iron had appeared in the 
peripheral blood; after this first rapid utilization, the amount increased slowlv 
until SO per cent or more was present at the end of seven to ten weeks. Positive 
erroi-s in estimating blood volume probably account for the occasional values 
above 100 per cent. The prompt utilization during the first week is of con- 
siderable interest. If the injected iron had been added to the whole of the 
body’s store of nonhemoglobin iron and had been used at the same rate as the 
stored iron was being mobilized, then it would have appeared much more slowlv 
ns newly svmthesized hemoglobin. The residt would seem to indicate that newl'v 



1204 


DUBACII, 5IOORE, AND JIINNICH 


injected iron is selectively used, initially at least, for new hemoglobin formation. 
Iron which has been stored foj' a longer period of time ma}- not be so readily 
mobilized. 

In normal dogs, parenterally administered radioiron was used less com- 
pletely and somewhat more slowly than in the healthy human subjects. From 
0.2 to 9.0 mg. of labeled iron, as ferric chloride or as ferrous ascorbate, were in- 
jected into thirteen animals. Results arc charted in Fig. 2 ; the striated area 
delineates the extreme values obtained from the four healthy human subjects 
previously described and is included to make comparison ca.sicr. Even though 



observations were continued in several instances for sixty" days or more, the 
total amount of the isotope which eventually appeared in the peripheral blood 
of these animals varied from 36 to 72 per cent of the amount injected, and in 
no instance was utilization as complete as in the human subjects. In only six 
of the dogs was 60 per cent or more of the injected dose found in the peripheral 
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blood at any one lime. Completeness of utilization was not closely correlated 
with the size of the dose.® The animal (Dog 19) which received 9.0 mg. per 
kilogram body weight, for instance, used 45 per cent, while Dogs 55 and 58 
given less than 1 mg. per kilogram also utilized only 47 and 45 per cent. On 
the other hand, the three dogs with the greatest utilization (Dogs 25, 26, 42) 
received 0.5 mg.. 1.6 mg., and 5.0 mg. per Idlogram, respectively. It should be 
emphasized, however, that even the larger amounts given were only timcer doses. 



Days after Injection 


Legend Doq Wt Hb Form of Fe Mq Fe Eadioactivity 
Kq psr Kq Counts per Km 

iq 17 17 6 FeCb Q O 475,000 

25 21 16 3 FeCh O 5 1,400,000 

26 16 15 4 FeCU 1 6 3,400,000 

■ 42 15V2 17 O FeCls 5 O l.QOO.OOO 

46 6 17 5 FeCIj O 5 560,000 

47 11 14 4 FeCh O 5 730,000 

51 6 18 5 FeCh 1 3 1,120,000 

54 12 14 5 FeCh O 5 144,000 

55 11 15 4 FeCU 0 5 144,000 

56 lO’/j 16 2 FeAscorb 0 7 600,000 

61 a'/2 15 4 FeAscorb I 3 560 000 

64 15 17 7 FeCh 1 0 1.800.000 

65 15V2 16 5 FeClj O 2 316,000 

Fi 5. 2.— Appearance of radioactive iron in the blood of normal dogs after intratenous injection. 


Attempts were made to find out what happens to the radioiron which does 
not appear in the peripheral blood as hemoglobin. Two animals (Dogs 58 and 
51), in which the level of circulating radioactive iron had remained relatively 
constant for several weeks, were perfused for two hours under nembutal an- 
estl^a with Locke’s solution. The amount of the isotope which appeared in the 
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peiinsalo and tissues was then dcicrmined. In Dog 5S, tlic weights of the bone 
marrow, muscle, and skin were estimated, hut in the other animal, a more com- 
plete sampling was obtained. All of the muscle was carefully cut from the body, 
ground, weighed, and an alicpiot of the mixed ti.ssuc was taken for analysis. The 
whole skeleton was dry ashed, the ash was dissolved in 6 N IICl, and aliquots 
were taken for the radioiron detenninalion.s. The entire skin was removed 
and dry a.shccl; radioactivity was determined in IICl aliquots of the ash. In 
addition, all the 5'adioiron excreted in the ui’ine and feces of Dog 51 was 
measured for the w’holo fifty-day jieriod; S i>er cent of the in.iectcd dose was 
recovered in the excreta. Half this amount was recovered in the urine \vithin 
a few houi-s after injection of the isotope; however, after this brief period only 
small amounts appeared in the urine, and almost all of the additional c.xcretion 
was bj^ wav' of the intestinal tract. Kcsulls are recorded in Table I. The total 
amount of radioiron recovered in the tissues of these two dogs amounted to 17.1 
and 41.6 per cent of the injected dose, but even so all of the iron could not be 
accoiuited for. If Dog 5S excreted as much of the do.se as Dog 51, the total 
recovery would still be only S6 and 72 jier cent, res])eclivel.v. Hahn and as- 
sociates' had a similar cx]ieriencc. The "lost iron’’ probably reflects the in- 
adequacies of the method for extracting all of the iron from tissues and for 
measuring the isotope when amounts of radioactivity arc small. 


Table I. Rapioactivf. Iron' Found in Tissues of Two Poos Twf.ntv-.Six anp Fiitv D-w.s 
After Ikon Had Been In.ikcted iNTr.AVENor.si.Y 


DOO 5S 

DOO 51 

Weiglit (kg.) 

10.5 

« 

Homatoevit 

47 

5C 

Hemoglobin (Gm.) 

lO.S 

1S.5 

Hadioiron injected (nig.) 

7.3 

7.5 

(Ferrous n.'=corbate) 

(FeCI,) 

Time sacrificed after I.V. iron 
(days) 

2C 

SO 

Eadioiron found in: 

99 of amount 

injected 

Blood and pcrfii.sion fluid 

35.5 

42.2 

Bone marrow 

10.3' 

l.S 

Liver 

23.8 

8.4 

Spleen 

1.0 

0.3 

Kidney.s 

1.1 

0.0 

Muscle 

4.2* 

• 3.3 

Skin 

1.2* 

1.0 

All other tissues 

— 

0.9 

Excreted during expei'iment 



8.3 

Bemoved by sampling 

0.9 

4.2 

Total radioiron accounted for 

78.0 

71.9 


irerislnn 


(lecim^r point. It lias, however, hev'ome a common practice In the liter.atiire. anti we nave con- 
sequently recorded our data, to the first decimal place, 

'Estimated weight of bone marrow wa.s 300 Gm. ; muscle, 3,000 Gm. ; skin. 000 Gm. 


Ill an additional attempt to recover all of the injected radioactive iron, three 
normal animals whose circulating hemoglobin level of radioiron had stabilized 
were bled several times a week for six to eight weeks. Two to three hundred 
cubic centimeters of blood w'ere removed at each bleeding, and the total amonnt 
of radioactive iron withdraivn was measured (Table II). In two dogs, 16 and 28 
per cent more of the injected isotope was removed in this manner than had 
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appeared at any one time previously in tlie circulating hemoglobin. These 
results also demonstrate that normal dogs do not regularly utilize injected radio- 
active iron completely for hemoglobin synthesis and at the same time show that 
the portion •which had been stored is available for hemoglobin formation when 
the demand for iron becomes groat enough. However, there still remained a 
fairly large amount (20 to 25 per cent) of the injected dose which was not ac- 
counted for, even if it be assumed that 30 per cent had been excreted during 
the period of observation. 

B. Iron-Dcficicni Patients and Dogs . — Tracer doses of radioactive ferrous 
ascorbate were given intravenously to four patients with hypochromic micro- 
cytic anemia. As may be seen from Fig. 3, the i-atc of utilization was .slightly 
more rapid than it had been in the normal controls. The amounts of iron 



Pic 3 The utilization of radioactive iron by patients with hypochrornic anemia. Iron Riven 

intravenously as ferrous ascorbate. 

injected, the radioactmty, and the hematologic data for each individual are 
tabulated at the bottom of the illustration. In all four subjects, utilization of 
the injected iron was complete by the tenth day. 

Iron-deficient dogs also promptly utilize 80 per cent or more of injected 
radioactive iron for hemoglobin synthesis (Pig. 4). Each of the five dogs was 


/?adioiron jn D/ood- % of Injected JDoce 
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prepared by withdrawing about 20 to 25 per cent of its blood volume two or 
three times a week for a period of two to five months ; during this time the an- 
imals were given a diet of broad and milk so that the iron intake would be lim- 
ited fmd the induced deficiency he mox’c complete. A vitamin B supplement 



6 

• t 

2 

4 ' 6 

8 ' lb ' 12 ' 14 ' 16 ' 16 ' 20 
Days after Injection 

22 ‘ 24 ' 26 

26 30 32 

he q end 

Dog 

Wl 

Kq. 

Experiment 

Hb 

nqFe 
per Kq. 

Form of Fe 
Injected 

Radioactivity 
Counts per flin 

* 

23 

64 

Anemic from 
hemorrhage 

5.6 

1.6 

FeCls 

1.600.000 

* 

24 

16.4 

Anemic from 
hemorrhage 

5.6 

0.5 

FeCls 

1,130.000 

• 

16 

204 

Anemic, massive 
dose of Fe; then R.l 

T.4 

13.0 

FeCOHjs-. 
then FeClj 

2,000,000 

* * 

21 

13.2 

Anemic, massive 
dose of Fe-, then D 1 

5.7 

26.0 

re(OH)3; 
then FeClj 

2.100.000 

• , 

63 

11 6 

Anemic from 
hemorrhage 

6.6 

1.3 

FeCly 

204,000 


Fig. 4.— The appearance of intravenously injected raaioactive iron in the blood of five do-s 
vhich had been made anemic by chronic hemorrhage. 

was regularly administered. The hemoglobin levels of the animals at the time 
radioactive iron was injected, with other pertinent data, are given at the bottom 
of the chart. Two of the animals (Dogs IS and 21) were given 254 and 337 
mg. of iron as colloidal ferric hydroxide intravenously shortly before the tracer 
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doses of radioiroii ■were injected. TJicse amounts provided enough iron to raise 
the liemoglobin from tlie existing levels of 5 to 7 Gm, to a value of 14 grams. 
It vas tliouglit that the administration of thc.se relatively large amounts of 
inert metal might .slow the utilization of the i.sotopc, hut the radioactive iron 
appeared as rapidly and almost as completely in the circulating hemoglohin as 
it had in the other three animals. From 70 to 00 per cent of the injected doses 
was utilized for hemoglohin formation. 



Legend Subject tlqm.of fe Radioactivity RDC. Hb Reties flCV tlCHbC Diagnosis 
Injected counts per min. millions qms % 

JS 16 500.00 0 415 13.3 0 94 34 Hypoplastic Anemi 

e;.H. 15 444,000 5.26 9 9 02 93 32 Hypoplastic Anemn 

The shaded area outlines the values for utilization obtained for four normal subject: 

Fig. 5. — The .appearance of railioactive Iron in the blood of patient.s with liypoplastlc anemia 
after intravenous injection of ferrous ascorbate. 

C. Patients With Hypoplastic Anemia . — Radioactive ferrous ascorbate was 
injected intravenously into two patients witli hypoplastic or refractory anemia. 

In both subjects, the blood platelet level was high enough to prevent anj" hem- 
orrhagic manifestations. At the time of the injection, the erythrocyte connts 
had been raised to 4.15 and 3.26 million cells per cubic millimeter by preidous 
transfusions. Additional blood had to be administered at intervals of two to 
three weeks during the course of the observations in order to prevent the red 
blood cell level from falling too low. Tire bone marrow showed very few 
eiythroid elements, and retieulocjHes were rare. In neither patient did as much 
as 4 per cent of the injected iron appear in the blood as hemoglobin during sLx 
weeks of observation (Fig. 5). This result is what would have been predicted. 
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If vei'j- little liemoglobin is being formed, there is little opportunity for the 
radioactive iron to be built into hemoglobin. 

D. Paficnis ^Yifh Addisonian Pernicious Anemia . — Study of the rate at 
wliicli two patients with pernicious anemia in relapse utilized iron proved par- 
ticularly interesting. For two weebs after the radioiron bad been injected, 


ftBC 

::ulhors 

Hb 

Qns 

Reties 

% 

50. 

150. 

JO. 

^0. 

120. 

lA 

JO. 

<?0. 

18 

20. 

60. 

12 

to. 

JO. 

6 

00 

oo 

0 

Rcdioiton in Blood 
% of Injected Dose 



Reltca 



» 73 0inqTn ftadiotton Qs feitous ascorbate RacJioQcltvily 

ZSS.OQO counts per min 

0 4 S U 16 20 lA i&ilZe to At <6 52 56 60 64 66 72 76^ ES 9610; ta I20I28lirM7~ 
Days after Irtjection 

Fi,. c_Thc ut.l..at.on ol anemia. Iron 

^^ithheld, and the patients were fed a meat-free 
let The non appeared rather slowly in the circulating hemoglobin and tlmn 
.»dcd I.V., oft at oboot 20 and 40 per cent ot the iticeted dte (rt oT. 



1212 


DUBACII, MOOItE, AND JIINNICU 


Clinical circumstances demanded that specific therapy he started without ad- 
ditional delay, and the administration of liver extract was licgun on the fifteenth 
day in each instance. Coincident with the reticulocyte rise, tlierc was a sharp 
increase in the circulating radioiron, and within two to three weeks all of the 
isotope had been synthesized into hemoglobin. Observations were continued 
for three to five months; during this period the level of radioiron in the periph- 
eral blood remained liigli. The initial slow rate of utilization was probably a 



[end 

Subject 

nqm of re 
Injected 

Radioactivity 
counts per min. 

RDC 

millions 

Hb 

gms 

Reties 

nev ncHbc 

Diagnosis 


UP 

22 

468.000 

1,56 

62 

26 2 

122 

52 

Acquired hemolytic a 


CW 

13 

534,000 

5 49 

13 4 

150 

112 

34 

Congenital hemolytic 



BW 

18 

500,000 

2 81 

02 

280 

103 

31 

Sickle cell anemia 


TS 

21 

504.000 

2 04 

66 

53 2 

01 

35 

Sickle cell anemia 



nw 

22 

028,000 

3 53 

108 

17 0 

68 

35 

Sickle cell anemia 


OP 

24 

000,000 

2 84 

10 4 

27 0 

116 

33 

Sickle cell anemia 


Fig. 7. — The appearance of radioactive iron in the blood of patients with hemolytic anemias 
after inti-avcnou.s injection of ferrous ascorbate. 


reflection of the relative erythroid maturation arrest whieh exists in patients 
■with untreated pernicious anemia. As soon as red cell maturation was stimu- 
lated by liver extract, the rate at which new hemoglobin was delivered to the 
peripheral blood was accelerated, and the injected radioactive iron was utilized 
more rapidly. 

E. Hemolytic Anemias in Patients and Hogs . — The effect of hemolytic 
anemias on the appearance of injected radioiron in the blood was studied in 
six patients : one with acquired hemolytic anemia, one Avith congenital hemolytic 
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anemia, and four with sicklc-cell anemia.® Results are graphically recorded in 
Fig. 7. The initial rate of utilization was rapid in each instance l)ut the rise 
usually ended abruptly, and in two of the patients the curves fomed a plateau 
at less than 20 per cent of the dose. A value of over 90 per cent was reached 
in only one subject. It is suggested that because of the liemolytic process and 
the resultant rather short length of life of tlie red cells, many of tlie er^dhro- 
cytes which contain radioactive iron in their hemoglobin are destroyed Vidthin 
a few days after their delivery to the peripheral blood. Variations in the rate 
of hemolysis probably account in large part for the different amounts of radio- 
iron found in circulating hemoglobin at any one time. There were, furthermore, 
wide variations in the level of radioiron present in the same subject from week 
to week. These fluctuations are in decided contrast to the relatively smooth 
curves obtained in other patients and can probably also be explained on the 
basis of variations in the equilibrium between erythrocyte formation and de- 
struction. A splenectomy was performed on the patient with acquired hemolytic 
anemia, and the excised spleen was found to contain 35 per cent of the radioiron 
that had been injected. After splenectomy, the patient’s red blood cell count 
rose slowly to normal. "With this improvement, the amount of circulating 
radioiron increased from 8.4 to 23.5 per cent of the injected dose. There are 
three probable reasons why a larger amount of the iron did not ultimately ap- 
pear in the blood: (1) One-third of the injected dose had been removed in 
the spleen. (2) Some of the isotope may have been stored elsewhere. (3) Ex- 
cretion of radioiron was probably significant, since it has been shown by Hahn 
and co-workers'® that in dogs with hemolytic anemia induced by phenylhydrazine 
excretion is several times greater than normal. 

Hemolytic anemia was induced in dogs by the oral administration of phenyl- 
hydrazine. All of the animals initially had hemoglobin levels above 15 6m. and 
erythrocjde counts greater than 6.0 mfllion ceEs. In Dogs 56, 60, and 59 (see 
Table III), the radioactive iron was given nineteen, twenty-nine and eighty-five 
days, respectivelj’, after phenylhydrazine administration had been started, and 
the drug was continued for sixteen to twenty-eight additional days. The 
hemolytic anemia was maintained for two to four weeks after the radioiron had 
been injected, although the dose of phenylhydrazine was not regulated well 


•Since this manuscript -was submitted tor publication, radioiron has been given intra- 
',®P®bslr to a seventh patient rvith hemolytic anemia. This patient rvas a rvhite man oS years 
vith an acquired hemolytic anemia; his red blood cell count was 1.3 million, and 36 ner 
cul dt his erythrocytes -a ere reticulocj-tes. Fourteen milligrams of radioactive iron were 
as ferrous a'Corhate t019 mg per kilogram of bodv xreigbt) Three rt.>vs 
rpq.cent of the injected dose had appeared in the peripheral blood. Tivo days later 
acutely ill; be died on the seventh day after the injection. On the dav of 


TISSUE 
Spleen 
Liver 
Kldnei s 
Lungs 

Bone marrow 


WEIGHT (err.) 

630 

2.5-10 

430 

1.140 

3.360 (Kstimated) 


or iKiEcrrED rapioip.oi; 

19 
40 
1 
1 
21 

Total found £2 


dose, then! i plr ceVkpiuld over in me unnf ^ ncT oen?7^''*^ 
amln’ol nVe\e°n%‘?r%^e^T "L'^fo^kcTounm^ estimated ' to ’’be in"mrt1sSl^'’ei'! 
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TAisLn III. Api'KAu.vkci; op R.vmoiitoN’ ik Bt.oon oi' Doos IVith III:.^[OIA■Tlc Ane.mia In'duced 

ItV PilKA-VI.IIVDKAZIXi; 



1 not! L’D 

1 DOCJ 50 

DOG 50 

1 J)00 00 1 

DOG 02 

Wciglit (l:g.) 

J7 

II.O 

0.1 


8.2 

Initial hematologic data: 

E.B.C. (millions) 

7.70 

O.SG 

7.:i0 

0.78 

C,.37 

nomoglobin (Om./lOO c.c.) 

10.2 

10.5 

30.4 

35.0 

10.3 

Phonylhydrazine (total day.s given) 

.^f» 

.35 

33.3 

49 

7 

Padioactivo iron injected (I.V.) : 

Day.s after start of phciivllivdraziiio 

-10 

30 

S5 

20 

13 

Miiligram.s per kiiogiani 

o..> 

1.0 

3.1 

3.7 

3.4 

Counts per minute in total do.=p 

5,1.10.000 

oot.soo 

000,000 

370,000 

280,000 

R.B.C. on day iron injected (millions) 

2.<).'; 

2.55 

O OJ 

3.39 

3.83 

Hemojjlobin on dn}’ iron injected 

(Gm.) 

0.4 

0.5 

4.0 

3.3 

0.0 

Ecticulocytcs on dav iron injected (C(i) 

•lO.G 

.34.1 



38.0 

Time plicuvlliydrazinc was discontinued: 

Days after injcctioii of radioiron 

— — — 

30 

2S 

20 

— 

Daj’s before injection of nidioiron 

1 





0 

Maximum level of radioiron whicli :mpearcd 

in blood (% of total dose) 

00.5 

40.0 

30.5 

52.0 

49.4 

E.B.C. at time of maximum level of radio- 

iron 

0.00 

C.C5 

0.02 

4.02 

o.b< 

Hemoglobin at time of maximum level of 

radioiron 

30.2 

35.0 

33.0 

13.3 

14.8 

Eadioiron removed by sampling and sub- 
sequent bleedings (% of dose) 




51.1 

53.5 

Radioiron recovered in perfusate juid blood, 
tissues, and in excreta collected in 

three weeks 


70.1 " 





•Of this amount, ,^2.7 per cent was in blood and porfu.snto; aS.S per cent was in the tis- 
sues: 0.0 per cent was recovered in urine and stool.s; and 2.0 per cent liad been removed D> 
sampllnf?. 


enough to keep llie red blood cell and Jiemoglobin levels constant. The iso- 
tope appeared promptly in (he peripheral blood, but in the first week only 13 
to 22 per cent oX the in.ieetcd dose was demonstrated in the circulating hemo- 
globin. The levels stabilized at approximately these values until the phcnyl- 
hj'drazinc was discontinued and the red cell eount began to rise. The maximum 
amounts of radioiron which appeared in the blood of these three dogs, however, 
were 30.5, 46.9, and 52.6 per cent, respectively, in siiite of the fact that tlie 
hemoglobin values rose sharply' during the postjjlienylhydrazine period. It 
seemed po.ssible that a greater proportion of the isotope might appear in circu- 
lating hemoglobin if the iron were injected after phenylhydrazine administra- 
tion had been stopped, that is, at a time when the red blood cell count was defi- 
nitely increasing. Accordingly, Dogs 29 and 62 were given the iron one and 
six days, respective!}', after the last dose of phenylhydrazine (see Table III and 
Fig. 8). The maximum amounts of radioiron found in the blood of these two 
animals were 66.5 and 49.4 per cent, respectively, of the quantities injected; 
these values do not differ significantly from those obtained with the other three 
animals. To see whether the radioiron which had not appeared in the circu- 
lating hemoglobin was in a form which could be used for hemoglobin s}Tithesis, 
two animals (Dogs 60 and 62) were subjected to massive bleedings for a period 
of weeks, and the total amount of isotope removed was determined. One of the 
animals had received the intravenous injection of iron before and the other after 
discontinuance of phenylhydrazine. In neither instance did the amount of iron 




UTILIZATION or IN.ir.CTUD RADIOIRON 


1215 


recovered by the bleedings differ significantly from that calculated as being 
present in the blood stream at the time the systematic venesections were begun 
(Table III). It seemed unlikely that all of the radioiron unaccounted for had 
been excreted, even though excretion in the presence of hemolysis may be greater 




The effect of a hemolj-tic anemia (phenylhydrazine) on the utilization of 
=■ "ormal dog. B, The effect of a hemolytic anemia (phenylhvto^ne^ on 
the level of Injected radloiron in the blood of an iron-deficient dog. innenj inj cirazine) on 


than normal.^® To make certain, however, the excretion in urine and feces 
during three weeks of observation was measured in Dog 56, which had received 
phenylhydrazine for sixteen days following injection of the iron. Only 6 5 
per cent of the dose could be accounted for in this manner. On the fiftieth day 
the animal was anesthetized with nembutal, perfused, and sacrificed. The total 
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aniounl recovered in liie ])erfiisalo, tissues, and excreta ainoinitcd to 70.1 ])er 
cent of the dose; 2S.3 per cent was found in the tissues. 

These results are not necessarily at variance with tliose rej)ortcd by Cruz 
and associates.'" Tlie latter authors demonstrated that radioiron relea.se(l from 
the hemoglobin of hemolyzed red cells could be reiitilizcd for henioglohin synthe- 
sis. Their inibli.shed data, however, do not .show what per cent of the injected 
dose was found in the peri])heral blood at any one time. 



Days after Injection 


end Subject 


HL 
E A 
BL 

no 


tlqm of fe 
Injected 

13 

22 

22 

25 


Radioactivity 
counts per nun 


RBC 

millions 


240.000 

468.000 

468.000 

126.000 


5 00 
340 
2 60 
3 70 


Hb 

qitis 

14 8 
98 
54 
90 


Relics 

% 


nev ncHbc 


Diagnosis 


4 8 
54 
1 2 


66 

66 

60 

64 


35 

33 

25 

29 


’ HC 
Fig. 0.- 


13 


269,000 


3 55 7 3 


74 


62 


25 


Therapeutic mclcua 
Hodgkins' diseose 
Carcinoma of kidnev 
Hodgkins’ disease ^ 

qaslromtestinal 

Hypernephroma 


•The appearance of radioactive iron in the blood of patients with fover after intravenous 
injection of ferrous ascorbate. 


One other animal (Dog. 63) was partially depleted of its iron reserves, 
given radioiron intravenously, and permitted to utilize tlie injected iron com- 
pletely for new hemoglobin before phenylliydrazino M'as administered (Fig. S). 
With the development of the phenydhydrazine anemia, tlie circulating radioiron 
decreased to 35 per cent. AVheii phenjdhydrazine was discontinued and the 
animal was permitted to recover from its anemia, 9S per cent of the radioiron 
again appeared in the blood stream as circulating hemoglobin. This observa- 
tion confirms Cruz’s evidence that the radioiron released from liberated hemo- 
globin can be reittilized. When it is appraised in comparison with results ob- 
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tamed ou uoviual auimids, however, it iudieales Ihfil the iToviiial dogs liad sucli 
a ploiitifiil R^ipiily of iron in their pools of iron available for hemoglobin 
sjTithesis'’’ *'■ that they used only a fraction of the tagged element. 

F. Patknix ll'i77i Fever or Chronic 71isc«,«.— Tiierc is convincing evidence 
to indicate that iron utilization is impaired in the presence of fever or chronic 
disease.”’ The extent to which utilization i.s prevented, however, is not 
known. To obtain data in partial answer to this question, radioactive ferrous 
ascorbate Avas injected intravenously into five subjects: one Avith therapeutic 
malaria, tA\’o Avith Hodgkin's disease, and tAA’o AAdth malignant tumors (Fig. 9). 
Three of the patients had Ioav mean corpuscular hemoglobin concentrations; they 
AA'cre, then, iron deficient. In spite of this added stimulus to iron utilization, 
none of the .subjects dcA'cloped concentrations of circulating radioii’on greater 
than 62 per cent of the dose, and in tAvo the maximnm amounts Avere less than 
30 per cent. 

U. Limitations of the Badiouctivc Iron Method for Measuring Iron Absoepiion 
From the Gastrointestinal Tract 

From the observations presented in the preceding section, it is evident that 
not all of the radioactiv-e iron introduced into the body necessarily finds its 
'V'^ay to the peiipheral blood as ncAA-ly sAmthesized hemoglobin. Therefore, if 
that fraction of the oral dose of radioiron AA-hich appears in circulating hemo- 
globin is taken as the measure of absorption, the resultant values will frequently 
be loAV. Erroneous conclusions may, consequently, be draAA-n as to the ability 
of the animal organism to absorb iron under a variety of conditions. There is 
reason to believe that iron absorbed from the intestinal tract is used for hemo- 
globin synthesis in the same manner as is iron injected intravenously. If this 
m true, then, on the basis of the results described, one can make the folloA\ing 
statements as to the adequacy of the radioactive iron technique for measuring 
iron absorption; 

1. In subjects with uncomplicated iron deficiency, the method accurately 
measures absorption. 

2. In normal adult men, the method also proAudes reasonably accurate 
A'alnes. The amount of radioactiA-e iron which appears in circulating hemoglobin 
"ithin six to nine days, however, may represent only 70 to 90 per cent of the 
dose, and further slight increases may occur during the subsequent three or 
four AA-eeks. In healthy dogs, the circulating radioactive hemoglobin iron may 
be only 35 to 70 per cent of the iron retained. 

3. In hypoplastic anemias and in untreated pernicious anemia, because of 
the sloAv rate of er->-throcytogenesis, the amount of iron built into hemoglobin 
cannot be accepted as a measure of iron absorption. 

4. In hemolytic anemias, the amount of radioactive iron built into hemo- 
globm and found in the peripheral blood at any one time mar be anvwhere from 
10 to 90 per cent of that aetually absorbed. 
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5. Ill jiatieiits with lever caused cilher by infection or oilier disonlore, 
only 20 to GO per cent of the absorbed radioiron may appear in cireulating 
lieinoglobin. 

An excellent opportunity to test the validit}' of our concern about the 
method is provided by patients with pernicious anemia in whom crytlirocyto- 
geiiesis can be stimulated by injections of liver extract. Accordingly, the fol- 
lowing observations wore made: To E. G., a white man, 47 y^cars of age, who Iiad 



Fiff. 10. — The appearance o£ radioactive iron In the blood of a patient with pernicious anemia 
after oral administration of ferrous chloride. 

all of the classical clinical and hematologic manifestations of pernicious anemia 
in relapse, 1.0 mg. of radioactive iron per kilogram of body weight was given 
orally as ferrous chloride (Pig. 10). Only about 1 per cent of the dose appeared 
in the peripheral hemoglobin during the next nine days. This result was similar 
to that obtained by Ross and Chapin’^^ and by Balfour and assoeiatcs.“ Accord- 
ing to interpretations made by these investigators, this result indicated that 
the patient had absorbed a very small percentage of the oral dose. On the 
ninth day, intramuscular injections of liver extract were begun. There was the 
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usual reticulocytosis, clinical improvement, and subsequent rise in both red 
blood cell and hemoglobin levels. Coincident with the rise in hemoglobin, ad- 
ditional amounts of radioactive iron made their appearance in the blood stream ; 
eventually more than 20 per cent of the administered oral do.se was found in 
the circulating hcmoglohiu. Similar results on four additional patients ivill be 
reported later. This obsciwation clearly illustrates the caution which must be 
used in interpreting results of studies made with the radioactive iron tech- 
nique. The patient just described was certainly not iron deficient; he had 
enough iron stored at the time the isotope was given to raise his hemoglobin 
from 5 to more than 13 Gm, per 100 cubic centimeters. 


DISCUSSION 


While iron utilization can be studied more satisfactorily with radioactive 
iron than with any other technique preriously available, results are definitely in- 
fluenced by the rate of red blood cell formation, the rate of red cell destruction, 
and possibly by other disturbances of hemoglobin metabolism. The importance 
of the first of these influences is relatively obvious. When erj'throcytogenesis 
is depressed, new hemoglobin is being synthesized so slowly that .only small 
amounts of the radioiron can he used. In hemclj-tic anemias, however, new 
hemoglobin is being formed at a rapid rate, and large quantities of iron are 
being used for this purpose. One would naturally expect that radioactive iron 
given to such subjects would be incorporated quantitatively and promptly into 
hemoglobin. Yet, only a portion of the administered dose can be recovered in 
circulating hemoglobin at any one time. There are two possible reasons for 
this unexpected result. The amount of untagged or nonradioactive iron avail- 
able in the storage depots, and constantly being released from hemoglobin lib- 
erated from hemolyzed red blood cells, may be so great that the body barely 
samples the available radioactive isotope in order to have enough of the metal 
for hemoglobin formation. In the second place, new red cells containing radio- 
iron live a rather short time because of the hemotj-tic process, and the eoncentra- 
tion of radioactivity isn’t built up. AH of the administered radioiron might 
eventually be incorporated into hemoglobin, but only a portion is found in the 
peripheral blood at any one time. 


One of the most interesting results was the prompt and almost complete 
utilization of the injected isotope by healthy adult men. From 70 to 90 per 
cent of the dose was used for hemoglobin synthesis within the first six to nine 
days. The newly administered iron, therefore, was selectively used in prefer- 
ence to body iron alreadj^ stored. If the new iron had been intimately mixed 
Hath stored iron, the isotope would have been sampled only, and long periods 
of time would have been required before an appreciable quantity would have 
been used for hemoglobin formation. This suggests that iron recently added to 
me body (and, probably, that released each day from destroyed erythrocytes) 
IS retained in some form which is more easily mobilized for current metabolic 
needs than is iron which has been stored for a longer period of time. If one 
represented stored iron as being present in a bottle, then iron added to the 
stores would both float on top as does cream in a bottle of milk and be removed 
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first -when tlio bone niaiTow or otlicr tissues needed it. As a result of his studies 
of ferritin, an iron-pi'olcin complex asssociated with iron stoi-age, Ctranick” 
postulates that there arc three fractions of storage iron: A, monoinolecularly 
dispei-sed iron compounds; B, colloidal iron compound.s, namclj', ferritin and 
noncrystallizablc fciritin; .-ind C, licmosidcrin. Oraniek believes that A (ferrous 
and ferj’ic compounds, ])robably in the fonii of their Jiydroxides) represents 
the metabolically active iron, which may be in ccjuilibrium with B (ferritin). 
This impression is compatible with the suggestion just made. Similar ideas 
have recently been cxpre.ssed by Hess'* and by Greenberg and AVintrobe.' These 
workers postulate that there is a labile iron pool made up of recently absorbed 
iron and of iron I'ccently liberated from destroyed I'cd colls from which the body 
normally takes the amount needed each day. The concept is the same, but the 
term "labile iron pool” carries the unfortunate connotation that this amount 
may be held apart or separate from the remaining stores. It seems to us that 
the form of storage is simjjly' one from which the iron is more readily mobilized. 

This concept would explain many of the results obtained in this investiga- 
tion. Normal dogs may u.sc loss of the injected radioii'on for hemoglobin 
synthesis than do normal human subjects, because a greater amount of inert 
iron is available in the readily mobilizablc fonn; the longer the isotope remains 
in tissues unutilized, the more inert h’on becomes available from the hemoglobin 
liberated each day. This portion of the radioactive iron, therefore, becomes 
buried and is recalled only under conditions of great demand, as after c.xtensive 
hemorrhage. The patient with acquii’cd hemolytic anemia on whom a splenec- 
tomy was done recovered after the operation, aird her hemoglobin level was 
restored to normal. Even with this rise, however*, only' small amounts of the iso- 
tope were extracted from her tissues for the hemoglobin regeneration, pre- 
sumably because by this time the isotope had bceir mixed with so much inert 
iron equally available to the bone marrow that it -was merely sampled rather than 
selectively used. On the other hand, one may assume that the patients with 
pernicious anemia used all of the isotope for hemoglobin synthe'sis following 
liver extract therapy because tiiey were liberatiirg hemoglobin from destroyed 
red cells at a rate too slow to "cover up” effectively the radioiron injected two 
weeks previously. 

When comparison is made between the curves of appearance of radio- 
activity in the blood of subjects ufith liemoljffic anemias and of patients with 
pernicious anemia before liver, a striking difference is noted. In the hemoljdic 
anemias (Figs. 7 and S), radioactirilj'- increased very rapidly during the fimt 
few days and then rather promptly formed a plateau. In pernicious anemia, 
however, the rise was slow during the two weeks of observation prior to injec- 
tions of liver extract (Fig. 6). This obsciwation is interpreted as being ad- 
ditional presumptive eridenee that hemolysis is not a prominent factor in the 
pathogenesis of the anemia in patients with pernicious anemia. 

Finally, it should be emphasized that the radioactive iron technique when 
used on a living subject measures only the utilization of iron for hemoglobin 
sjmthesis; the amounts used for myohemoglobin and for formation of cellular 
enzymes cannot yet be followed. 
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SUMJIARY AND COXCLUSIONS 

1. The ntnizalion of intravenousl}’^ administered ti'accr doses of radioactive 
iron for hemoglobin synthesis has been studied in human subjects and in dogs, 
under normal conditions and in the presence of various types of anemia. It 
was found that ; 

(a) Utilization was prompt and complete in iron-deficient patients and 

dogs. 

(b) Utilization by healthy adult men was somewhat slower but almost as 
complete. On the other hand, nonnal dogs used only 35 to 70 per cent of the 
injected isotope. 

(c) Patients with hypoplastic anemia used less than 4 per cent of the tagged 
iron. In patients with pernicious anemia, irtilization was likewise slow rmtil 
after liver therapy was begun ; it then was accelerated and became complete. 

(d) In hemoh*tie anemias, the amounts of radioactive iron present in the 
peiipheral blood at any one time Varied widely from 10 to 90 per cent of the 
dose; rise in radioactimty was rapid during the first few days but usually 
stopped Avithin a short time, so that the curves formed a plateau. However, in 
one dog which Avas made iron deficient before hemolysis was induced Avith phenyl- 
hydrazine, utilization Avas both prompt and complete during recoverA' from 
the hemolytic anemia. 

(e) Utilization was sIoav and incomplete in patients Avith fevers caused 
either by infection or other associated disease. This result was obtained eA*en 
when the subjects were also iron deficient. 

2. To explain some of these results, it is postulated that iron recently made 
available for storage from absorption, parenteral administration, or from hemo- 
globin liberated from destroyed red blood cells is retained in a form which can 
be more readily mobilized for use than can iron which has been stored for longer 
periods of time. This recently stored iron seems to be used selectively for 
current metabolic needs. 

3. Because injected radioactive iron is either not completely used for hemo- 
globin synthesis imder a variety of conditions or does not aU appear in the 
circulating hemoglobin at any one time, it is emphasized that the radioactive 
iron technique has limited value as a method of studjung iron absorption from 
the gastrointestinal tract. An attempt has been made to define these limitations. 
The authors believe that the radioactive iron method for studying absorption is 
still the best available but desire to direct attention to its limitations so that 
results may not be interpreted erroneously. As an example, observations are 
presented to shoAv that patients Avith untreated pemicions anemia may absorb 
considerable amounts of radioiron but that the isotope does not appear in the 
peripheral blood in large amounts until after erA-throcj-te maturation arrest has 
been relieved by administration of lU'er extract. 


Hull Tf tT„ n!, Albert Schulke, and Harrv 

Hutli of tte Physics Department of Washington University, for their generous cooperation in 

preparing Fe ■ of iugh specific activity and for supplying us n-itli Geiger counter tubes 
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smmi LYSOLECITIIIN IN RniCU:MATOID ARTHRITIS, PREGNANCY, 
iVND JAUNDICE ^VND IN NOR^L\.L PERSONS 

William C. Kuzell, 3I.D., and Rolan'd A. Damson, M.D. 

San Francisco, Calif. 

T his study ■was prompted by the observations of Bergenhem and Faliraeus^ 
that lysolecithin was capable of causing splierocj-tosis and hemolysis of 
eiythrocj'tes and that rapidly sedimenting blood after incubation shows normal 
erjihrocyte sedimentation values. Since spherocjdosis tends to prevent aggrega- 
tion or rouleaux formation, it seemed desirable to determine to what extent the 
serum Ij’soleeithin levels in rheumatoid artludtis were altered because there are 
increased sedimentation rates as well as mild anemic tendencies in this disease. 
Rouleaux fonnation of the erythi’oeytes is associated wth increases in the rate 
of sedimentation.^ Further, since pre^ancy and jaundice are kno^vn to promote 
remission of sjTnptoms in rheumatoid ailhritis, the lysolecithin levels in these 
conditions were determined to see whether there was any similarity or difference 
in lysolecithin values. 

A series of fifty serum lysolecithin determinations was made in patients 
inth rheumatoid arthritis, pregnancy, jaundice, and in normal persons, as con- 
trols. At the same time determinations of eiythrocjde sedimentation (Wintrobe 
method) and of packed-cell volume were made in an attempt to determine the 
possible relationship between the rate of erj-throcyte sedimentation and serum 
lysolecithin content. 


Method for Lysolecithin Determination . — The method used was a modification of that 
dcscnbed by Singers and was as follows: 10 c.c. of serum were treated with 100 c.c. of 
■ 0 per cent ethyl alcohol and filtered immediately ; the filtrate was evaporated under a stream 
of air; the residue was then taken up in 5 c.c. of 95 per cent ethyl alcohol and diluted with 
■^0 c.c of ethyl ether and centrifuged for ten minutes at 20,000 r.p.m.; the supernatant fluid 
^as decanted off and the precipitate dried in a vacuum jar. Then the precipitate was 
^issolved in O.S c.c. of physiologic saline solution, and dilutions were made in geometric 
senes. A 2 per cent standard erythrocyte suspension was prepared using the blood of the 

aU determinations. The standard cells were washed three times 
physiologic saline solution and then suspended in saline solution. This ceU susnension 
soIutSnn ’'in ° f ® standard leucocyte pipettes and diluted with the iSeithin 

eoii mark. The pipettes were then incubated at 37° C. for one hour 

counts were made in the usual manner in the hemocvtometer. The percentao-e of ham I • 
«as determined by comparing the cell counts in each 'of the serial dSoTm thn Jvf 
con TO s using physiologic saline solution instead of the lysolecithin solutions. ^ ^ 

or 'It''™'.'-!® appeared to become more 

cobtrole in pltpsiolo-ie saline solution (0.85 per cent So Z “""“i 
in ten patients n-itu rbenm.t' d „rLi,””t» Selie patl^Xl^' 

UnivereUr Pliamiacologj- and Therapeutics, and of iledicine, Staoforr} 

Received for publication, July 31 , 1946. 
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Tabli; I. Pki! Ci:sr JIkmobysik in 1?hi;i'.matoii) AnTiinixi.s 


PATIENT 

c.E..s.n.* 

i im.ETIOSS (IT.T. CENT) 

I 1:2 

1 ift 

1 1 

1:10 

1 1:52 1 

1:04 1 

1:12S 

1 1:250 

G. N. 

•Pi 

y.'i 

‘10 

0 

0 

0 

0 

(1 

() 

P. A. 

•p; 

97 

2.5 

0 

0 

0 

0 

0 

0 

^r. C. X. 

oo 

9.'> 

(IS 

10 

n 

0 

0 

0 

0 

G. X. 

h 

‘15 

tir) 

0 

0 

0 

0 

0 

0 

B. X. 

o 

tt 

SO 

so 

,55 

0 

0 

0 

0 

0 

B. E. 

:\o 

100 

87 

8*’i 

70 

50 

10 

0 

fl 

R. S. 

.'i5 

100 

100 

0 

0 

0 

0 

0 

0 

ir. S. 

lis 

100 

50 

<18 

20 

0 

0 

0 

0 

S. L. 

12 

(i.5 

.'in 

10 

0 

0 

0 

0 

0 

B. T. 

27 

4H 

.59 

.50 

2‘1 

20 

IS 

0 

0 

Aver.npo 



50 


12 

a 

3 

0 



•C.K.S.R.. coiTccted erytliroeyle scclliiient.ntlon rate. 


Tabi.k ]]. Pi:i; Ci;.vT in JcTi;i:t;s 




c.E.s.r..* 




IlII.ETION.S (PEP. CENT) 



PATIENT 

lUAONO.SlS 

(MM.) 

I. I.t 

1 :2 

I !:■» 1 

1 :S 

HBUffia 

1 1:04 |1:12S| 1:256 

s. w. 

Hepatitis, 

acute 

24 

40 

49 

.50 

7) 

o 

0 

0 

0 

0 

G.X. 

IlcmoUtic 

anemia 

(1 

2d 

00 

5S 

20 

K 

0 

0 

0 

0 

s. s. 

Ilemolitic 

anemia 

4 

.50 

32 

20 

15 

0 

0 

0 

0 

0 

J.N. 

llcp.Ttiti.s, 

chronic 

S 

20 

25 

21 

0 

0 

0 

0 

0 

0 

B. M. 

Hepatitis, 

chronic 

21 

50 

90 

77 

30 

0 

0 

0 

0 

0 

5V. T. 

Hepatitis, 

clironic 

34 

30 

100 

92 

7o 

52 

0 

0 

0 

0 

S. 0. 

Hepatitis, 

clironic 

Hepatitis, 

chronic 

10 

50 

79 

•IS 

2S 

25 

20 

0 

0 

0 

5V. D. 

29 

50 

0 

0 

0 

0 

0 

0 

0 

0 

M. X. 

Hepatitis, 

acute 

14 

SO 

07 

30 

5(! 

30 

20 

20 

0 

0 

ir, X. 

Hepatitis, 

clironic 

34 

190 

97 

ss 

0 

0 

0 

0 

0 

0 


Avor.agc (!l -iT 21 10 5 .1 0 


•C.E.S.n., corrected er>’tlirocytc sedimentation rate. 
fl.I., Icteric index. 


Tahi.b hi. Pei: Cent IIe.moi.v.si.s in PitECiNANrv 






nil.UTIONS (PEP. CENT) 

- — ■ ' — * — ' 

PATIENT 



1:2 1 1:4 | 1:8 

1 1:10 1 1:32 | 1:04 | 1:12S 

1:250 1 1:512 


M. X. 

5 

18 

33 

20 

12 

0 

0 

0 

0 

0 

0 

W. X. 

7 

22 

28 

23 

14 

14 

14 

17 

17 

0 

0 

B. N. 

0 

10 

23 

10 

10 

10 

23 

11 

0 

0 

0 

G. A. 

0 

24 

77 

59 

4 

0 

0 

0 

0 

0 

0 

E. Z. 

7 

35 

80 

48 

50 

00 

40 

0 

0 

0 

0 

H. S. 

4 

22 

35 

23 

0 

0 

0 

0 

0 

0 

0 

J. R. 

7 

25 

37 

42 

22 

22 

IS 

15 

0 

0 

0 

ivr. L. 

4 

14 

SO 

55 

00 

37 

30 

18 

IS 

0 

0 

K. 0. 

7i 

19 

52 

53 

25 

14 

S 

2 

0 

0 

0 

M. I. 

7i 

21 

00 

0 

0 

0 

0 

0 

0 

0 

0 

V. E, 

4 

12 

60 

50 

12 

0 

0 

0 

0 

0 

0 

■\V. N. 

0 

25 

15 

0 

0 

0 

0 

0 

0 

0 

0 

H. X. 

0 

10 

38 

0 

0 

0 

0 

0 

0 

n 

0 

q T' 

5 

24 

0 

0 

0 

0 

0 

0 

0 

n 

0 

S. T. 

4 

29 

42 

15 

0 

0 

0 

0 

0 

0 

0 

K. y. 

5 

34 

11 

10 

16 

0 

0 

0 

0 

0 

0 

F N. 

0 

22 

11 

0 

0 

0 

0 

0 

0 

0 

0 

H 

0 

38 

30 

30 

0 

0 

0 

0 

0 

0 

0 

n TT 

4 

36 

48 

30 

0 

0 

0 

0 

0 

0 

0 

K. y. 

5 

14 

71 

45 

11 

6 

0 

0 

0 

0 

0 

Average 



84 

53 

24 

17 

14 

0 

4 

0 

0 


•C.E.S.R., corrected erythrocyte sedimentation rate. 
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Table IV. Peb Cent Hemolysis in Noiimal Peiisons 


PEnsox 

C.E.s.n.* 

(MM.) 

lULwnoNs (PEi: cent) 

1 1 

1:4 

1:8 1 

1:10 

1 1:32 

1 1:64 1 1:128 1 

1;23G 

K. L. 

O 

100 

100 



44 

30 

30 

0 

V. E. 

0 

To 

07 

50 

28 

0 

0 

0 

0 

C. G, 

0 

36 

20 

0 

0 

0 

0 

0 

0 

E. T, 

o 

97 

74 

51 

4.3 

.34 

0 

0 

0 

D. M. 

3 

ss 

77 

74 

71 

GO 

0 

0 

0 

N. E. 

6 

■ 100 

17 

10 

0 

0 

0 

0 

0 

C. E. 

7 

95 

95 

70 

5S 

20 

0 

0 

0 


4 

S7 

.38 

.30 

20 

0 

0 

0 

0 

H. N. 

3 

52 

43 

.30 

0 

0 

0 

0 

0 

G. N. 



44 

15 

0 

0 

0 

0 

0 

Average 


7S 

5S 

44 

28 

10 

3 

3 

0 


•C.E.S.R., corrected crytlirocyte sedimentation rate. 


pregnant patients, and ten normal persons are given in Tables I to IV, respec- 
tivelj'. It is seen tliat in eaeli (able there was consiclei-able variation from one 
patient to another as manifested b}- the percentage of hemolysis in the serial 
dilutions of Ij'soleeithin. In other tvords, there was not a close adherence to a 
definite hemolysis curve for any of the conditions studied. Fig. 1 sliows the 
average curves for each of the conditions studied. 

The results are also grouped according to rate of eiylhrocyte sedimentation 
in Fig. 2 which shows tlie average curves for the seventeen cases with sedimentation 
rates of 0 to 10 mm. per hour and the thirty-three cases with sedimentation rates 
from 11 to 46 mm. per hour. It is seen that the cliaractcristic average curves for 
each condition did not vary appreciably from one another. Furthermore, the 
lysolecithin content as manifested by hemolysis was not significantly different in 
those subjects with sedimentation rates below 10 mm. per liour and in those whose 
rates were over 10 mm. per hour. This was especially apparent when it is remem- 
bered that this method of determination is subject to about a 10 per cent error 
in measuring the percentage of hemolysis. 

CONCLUSIONS 

1. The average serum lysolecithin values, as measured by the amount of 
hemolysis of standard human erythrocytes, were found not to vary appreciably 
in rheumatoid arthritis, pregnancy, jaundice, and in normal persons as controls, 
hut the individual variations were marked in these conditions. 

2. There was a close correlation between Die average lysolecithin values of 
persons with erj’throcyte sedimentation rates below 10 mm. per hour and with 
those between 10 and 46 mm. per hour; tlierefore, the amount of lysolecithin did 
not appear to be related to the rate of ciythrocyte sedimentation. 

EEFKRENGES 

1. Bergenhem, B., and Fahraeus, E.: Uobor spontane Hamolysinbildung im Blut untor 
besonderer Berucksichtigung der Physiologio der Milz, Ztschr. f. d. ges. exper. Med. 
97: 555, 1936. 

2 Kolmer, J. A., and Boerner, F.: Approved Laboratory Teebnic, i ed., Nerv York, 1945, 
D. Appleton-Century Company, Inc., p. 104. 

3. Singer, K.: The Lysolecithin Fragility Test, Am. J. Med. Sc. 199; 446-477, 1940. 








THE KETAINEn MEDIAN LETHAL DOSE, PERCENTAGE RETENTION, 
AND RESPIRATORY RESPONSE IN UNANESTIIETIZED, INTACT 
RABBITS AND IN UNANESTIIETIZED, TRACHE0T0:MIZED 
DOGS AND RABBITS EXPOSED TO PHOSGENE BY 
THE DOSIMETRIC 5IETHOD 

Raymond E. N\’^i-:stonA and Leonard Karel 
E:;(!E\voo:> Arsenal, ]Md. 

With the Tecunioai- Assistance of Iheutenant D. R. LaGraa'e and 
T/-i P. A. Gorins. W.A.C. 

T he apparent species difference in suscciilibility to phosgene previously re- 
ported on the basis of LCCtDso data’ was not resolved by determining the 
retained median lethal dose per kilogram of body weight in normal, unanesthe- 
tized dogs,= goats,® and monkeys.-* However, only two of the factors, percentage 
retention and respiratory intake during exposure, which contribute to the var- 
iability of the L(Ct) 5 o '"■ere eliminated by measuring the toxicity in terms of 
retained dose per kilogram of bod}' weight. 

Since the characteristic toxic effects of pliosgene are exerted only on direct 
contact M-ith the lower respiratoiy tract,® the proportion of retained agent which 
is absorbed by the respiratoiy epithelium above this locus of action may affect 
the apparent resistance of the animal to phosgene poisoning. Consequently, 
anatomic and physiologic dissimilarities in the upper respiratoiy tracts of dif- 
ferent species may account, in part, for species variations in suseeptibilty. 

To evaluate the influence of absorption in the upper respiratory tract on 
the apparent sensitivity to phosgene, the retained median lethal dose iras deter- 
mined in unanesthetized dogs and rabbits in which tlie upper respiratory tract 
was by-passed by tracheotomy under local (procaine) anesthesia. Ease of 
handling and availability of dogs and rabbits led to the use of these animals as 
species representing high and low resistance’ to phpsgene, respectively. To 
check the marked susceptibility of rabbits previously reported on the basis 
of L(Ct) 5 (, data,’ the retained median lethal dose was determined in a series of 
thirty-two intact, unanesthetized rabbits. 

The dosimetric technique permitted the simultaneous determination of the 
percentage retention and the respiratoiy response during exposure.® Because 
some of these data suggested that depth of respiration influenced the percentage 
retention and the toxicity of phosgene, two groups of traeheotomized rabbits 
were studied, one breathing deeply -with artificial respiration and the other 
breathing more shallowly without mechanical aid. 


METHODS 


AH experimental exposures to phosgene were conducted at chamber concen- 
trations of approximately 2.0 mg. per liter which, due to the dead space in the 
appara tus,® correspond to the following actual mean contact concentrations- 


From the ToxicologO’ Section, Medical Division. 

Received tor publication. Julv 16, 1946. 

address: 

■fCt = concentration X time. 


Medical Division. 
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1.4S iiig. ])er lilci' for llio lliirly-five Irnclieotoinizod dojis; ].25 injj:. per liter 
for the thirty-two deei)-hroii1hin<r, intact ral)hils; l.r)2 nip:, per liter for the 
tliirly-lrvo deep-hrcatliing, Iriielieoloniizcd rahhit.s; and 1.30 ing. per liter for 
the forty-llirce .shallow-iireathing, traclicotomized I’aliliils, TJie apparatu-s, proec- 
diire.s, and niethod.s used for flic dog.s and rahhit.s in flic.se c.'cperiiiieiit.s were 
similar to those ])revioiisly employed in the dosimetric e.\')) 0 surc of normal dogs- 
and monkeys, I'csiicef ively, except that for the traehcofomized animals no face- 
piece was rerpiired, since the distal end of each glass tracheal cannula coii.sisted 
of the male half of a standard tajiered joint for connection with the valve inlet 
of the apparatus. 

The tracheotomies were performed ninler local anesthesia (1 c.c. of a 2 per 
cent solution of procaine hydrochloride for rahhit.s and 2 e.e. for dogs). After 
the cxpo.sure to phosgene, the cannnia was removed carefully, and snlfatliiazolc 
crystals were a]i])lied in the elean.sed wound which was left ojicn for drainage. 
No deaths were observed in fifteen control rahhit.s and ten control dogs similarly 
cannnlated and treated hnt not exjiosed to ])ho.sgenc. 'J’hc mean tcmperatimc 
and relative hnmidify during the expo.snres of the tracheotomized rahhits were 
S4.G° F.^and GS.G per cent, respectively; these corre.sjmnding data during expo- 
sures of the intact rahliits wore 78.1° F. and 41.!) jier cent, respectively, while 
those during the exposures of the dogs were 84.0' F. and G!).0 per cent, re- 
.spoetively. 

In the intact normal i-ahhits, eonnection to the smaller glass valves and 
ahsorhor was made hy moans of a vinylitc no.scjiieec sealed to the male portion 
of a ground-glass joint, fti’cat care was necc.s.sary to avoid ohstrncting the 
external naros. To test for possible leakage of the facepiece, a series of fifteen 
rahhits was prepared, as for dosimetric exposure, and ])evmittcd to inhale air 
from one spirometer and to exhale into another through the facepiece, valves, 
and ahsorhc]-. In contrast to dog.s, goats, and monkeys,-’^ it was found that in 
I’ahhits, de.spite the mosl^carcfnl efforts to obtain an airtiglit seal, when the face- 
piece was applied to the snout with Ace elastic adhesive bandage, considerable 
leakage occurred (mean leakage, 56.4 per cent; standard deviation == ± 15.2 per 
cent; and standard error = 4.0 per cent). Therefore, the LD.,n for rahhits, as de- 
termined -with the leaking facepiece, was calculated and corrected hy appl.ving a 
factor of 1.77, based on the mean leakage observed in these tests. The standard 
error of the corrected LB-.o was calculated as the sum of the standard error 
of the uneorreeted LD-o plus tlie standard error of tlie mean leakage observed 
in the te.sts. It is recognized that the uneorreeted standard error of the median 
lethal dose already includes the variation caused hy leakage. However, to be 
conservative, the two standard errors were combined. Because of the leakage, 
the authors do not recommend tliat this method for dosimetrically exposing 
untraeheotomized rabbits he used. 

As a result of the marked reduction in tidal air during exposure of the 
intact raljbits, the small pressure changes ti-ansmitted to the valve system re- 
sulted in small fluttering movements of the fle.xihle vinylite sheeting and pro- 
duced very slight, slow respiratory deflections of the spirometer. To shorten 
the exposure times and to minimize rebreathing, aifificial respiration v'as em- 
ployed to increase tidal air and respiratory minute volumes. 
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UKSI’LTS 

The enlculntioiis find statist icnl trcjitincnt of these data Avcrc the same as 
described in a previous pa])er." The comjdetc oxjierimental data for each animal 
are given in Tables I to lY. 

Bcsimaionj Bcsponse . — Respiratory inhibition in the normal, untracheot- 
omized rabbits was so intense that, as previously stated, artificial I’espiration was 
employed to accelerate the exposures to phosgene. Therefore, no quantitative 
data were obtained on the spontaneous respiratoiy cbangs in these rabbits dur- 
ing exposure to phosgene. 

None of the tracbeotomized animals manifested any alteration of respiration 
during exposure, in contrast to the intact dogs,' goats, “ monkeys,'* and rabbits, 
which almost uniformly exhibited mar'ked inhibition of respiration on exposure 
to similar concentrations of phosgene. The large, mean respiratory minute 
volume of S19 c.c. per kilogi-am per minute (Table V) and the relatively short 
exposures of the shallow-breathing, tracbeotomized rabbits (Table III) indicate 
the absence of such inhibition in these animals. 

The data in Table V permit a comparison between the average respiratoiy 
minute volume per kilogi-am during exposure of the nor-mal and the tracbeot- 
omized dogs, -which were 294 and 419 c.c. per kilogram per minute, respectively. 
The value (3.0) obtained by Student’s i test reveals that the differences between 
these means is statistically significant (that is, f > 3). Because dogs pant in 
response to increased environmental temperature and because there was a 
temperature difference of 7.3’ F., comparison between the respiratory exchange 
in the two groups must be made cautiously. However, panting, nontracheot- 
omized dogs also exhibit unequivocal respiratory inhibition exposure to phos- 
gene. The absence of any respiratoiy inhibition in the tracbeotomized dogs and 
the presence of the marked inhibition in the nontracheotomized animals clearly 
indicates that the inhibition results from the irritant action of phosgene on the 
upper respirator!’ tract. 

Probably another conseciuence of the much liigher temperatures during the 
exposures of the tracheotomized dogs is the fact that the average tidal air (Table 
YI) during exposure of this gi'oup is less than one-half that obsen-ed for the 
normal dogs.- The t value (9.8) reveals that this difference is highly significant. 

The average tidal air of the shallow-breathing, tracheotomized rabbits, re- 
spiring -without mechanical aid, was less than half that of the tracheotomized 
rabbits sub.iected to deep artificial respiration during exposure (Tables II and 
HI). The f value (6.3) indicates that this difference is highly significant. The 
average respiratory minute volumes for the shallow-breathing and the deep- 
breathing tracheotomized rabbits were 819 and 408 c.c. per kilogram per minute, 
respectively. The f value (7.1) also indicates the marked significance of tlie 
difference between these two means. The influence of respiratory amplitude and 
rate of flow on toxicity and percentage retention of phosgene will be discussed. 

Median Lcihal Dose (LD.J.-~The retained median lethal dose and the 
statistical range were calculated for each series by the method of Bli.ss." After 
preliminary gi-ouping of the animals to establish the provisional dosane-mortalitv 
regression line, each animal was considered a separate experiment. ^Agreement 
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Table V. Atefage EESPin.\TonY JiliNTTFE Volume Pet. Kilogkaji Body Weight ix Xof-mal 
AXD Tracheotomized Dogs akd ik Shallow- and Deep-bf.eathixc, Tr-AcnEOTOjnzED Babbits 
DuFJxo Exposdf.e to Piiosgexe Coxcentbatioks of 1.30 TO 1.52 Pep. Litep. 


\ 


r.ESPIP..ATOP.Y MIXUTE VOLUME PEE KILOGPJAil 



I DUP.ixo exposuph; 

1 



STANDARD 1 

STAX-DARD 

expebimext.al aximals 

xumber of 
aximals 

MEAN 

(C.C./M1X./KO.) 

DEATA-nOX 

(c.c./mix./ko.) 

ERP.OR 

(C.C./MIX./KG.) 


Xorraal dogs 30 

Tracheotomized dogs 35 

Shallow -breathing 

tracheotomized rabbits 43 

Deep-breathing 

tracheotomized rabbits 32 






419 

217 

37 

819 

266 

41 

408 

2.34 

41 


T.ABLE n. Aa-epjige Tidal Am Volujie Pep. Kn,OGP.AM Body Weight ix Nop.aial axd 
Tp.acheotomized Dogs axd ix Deep- .axd Shallow-bp.eathixg Rabbits Dupaxg Eyposuf.e 
TO Phosgexe Coxcextp.-atioxs of 1.30 TO 1.52 Mg. Per Liter 


eepepjiiextal aximals 

1 NUMBER OF 
AXIM-ALS 

AVERAGE TIDAL .UR VOLUME PER KILOGF.AM 
BODY WEIGHT 

MEAN 1 

1 (C.C./KG.) 

STANDARD 1 

1 DEYIATIOX 

1 (C.C./KG.) 

STAXD-APJ) 

EEP.OR 

1 (C.a/KG.) 

Xormal dogs 
Tracheotomized dogs 
Tracheotomized rabbits 
subjected to deep, 
artificial respiration 
Tracheotomized rabbits 
breathing without 
artificial respiration 

30 11.56 2.97 0.56 

35 5.18 1.92 0.33 

32 10.4 4.14 0.76 

43 4.5 3.16 0.55 


lietween the provisional and the calculated dosage-mortaHty regression lines was 
tested by calculating chi square (X-).' 

The median lethal dose of phosgene for the unanesthetized, tracheotomized 
dogs was 1,20 mg. per kilogram, .with a range of 0.82 to 1.76 mg. per kilogram 
for P = 0.01, The LDjo for the unanesthetized, tracheotomized rabbits was 
0.33 mg. per kilogram, with a range of 0.24 to 0.45 mg. per kilogram for P = 
0.01, for those which were not subjected to artificial respiration during exposure, 
and 0.25 mg. per kilogram, with a range of 0.15 to 0.42 mg, per kUogram for P = 
0.01, for those subjected *to deep artificial respiration. The LD^o for the intact 
rabbits subjected to artificial respiration was 0.20 mg. per kilogram, with a range 
of 0.16 to 0.24 mg. per kilogram (Table VII). 

In Table VIII are listed the t values obtained when comparisons are made 
between the LDjo’s of phosgene for the various series of animals reported in 
this paper. These t values and the one obtained by comparing the tracheotomized 
dogs vrith the normal dogs premously reported^ indicate that: (1) eliminating- 
the upper respiratory tract by tracheotomy does not produce a significant 
change in the LD50 for dogs or rabbits ; (2) there is a highly significant differ- 
ence between the LDjo’s for tracheotomized dogs and tracheotomized rabbits; 
and (3) although increasing the depth and decreasing the minute volume of 
respiration in tracheotomized rabbits tends to decrease the hD,o. the decrease 
is not statistically significant. 


. Pc’-ccjitagc lictcniion of Inhaled P/msi/en e.— Calculation of the percenta'^e 
of inhaled material retained after dosimetric exposure is dependent on the aver- 
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TAIILE VII. L1).,’.S KOK U.VANESTHETIZED, TltACHEOTO-'IIZU) ANIl INTACT, NOHMAI. DOOS AND 

KAniiiT.s E.nposkd to JIean Piio.scENi: Concentk.ations of AiTiioxiArATEEY 1.5 Mo. Pr.ii Liter 


EXTERIMENTAL ANI.MALS 

KUMllF.ROK 

1 AKIMALS 

1 (MO./KO.) 

KANnr.OFLDj, 
FOR I> = 0.01 1 
(mg./ko.) 


Normal rabbits subjected to 

deep, artificial respiration .'12 

0.20 

0.10 to 0.24 

0.015 

Traeli. rabbits subjected to 
deep artificial re.spiration 
Tracli. rabbits breathing \vi 
out artificial re.s])irafion 

V,‘2 

0.2.'5 

0.10 to 0.42 

0.052 

th- 

•la 

o.a.i 

0.24 to 0.4.') 

0.042 

Normal dog.s^ 

:!() 

1.31 

i.cmoi.-w 

0.097 

Trachcotomized dogs 

.'in 

1.20 

0.S2 to 1.70 

0.1S3 


I’Ani.r, VIII. 1* Valuers Odtained ■\Viie.n LiD;„'.s of Phosoene e'Or Tr.tcheotomized, 
Unane.stiietizei) lions and IfAiiniTS and e'oi: Normal I?.\dbits 
Are Comdared hy Student’s 1 'I'est 


SPECIF.S 

Tl:ACIIf:OTOMIZCI> 

nofis 

nitKATIIINT, 

TUACIIKOTOMIX.KI) 

UAnniTS 

SHAIaLOW- 

IlP.KATniNTr 

rnACJIKOTOMIZED 

KABIUTS 

DEEP* 

BHEATniNG 

XOEMAL 

UADBITS 

Trachcotomized dogs 

— 

4.97 


.7.S9 

Deep-bre.athing 

tracheotomized rabbits 

■L97 



i.n 

0.1 

Sliallow-brcathing 
tracheotomizod rabbits 

4.0. n 

1.11 


2.05 

Deep-breathing 

normal rabbits 

s.eo 

0.7 

2.05 



• t = Dll - 111; ( III = Mcdinit Irthal dn'^r.) 

V(I''i)= + (L':)- ( A' = Standard error.) 


age tidal air during exposure.'- In the inlaci ral)l)i1s with marked inhibition of 
respiration, many individual breaths could not b(> identified on the spirometer 
records, despite artificial respiration. Tliei’cfore, the average tidal air could 
not be estimated accurately, and the percentage retention eonld not be calculated. 

The mean percentage of inhaled i)ho.sgene retained by the trachcotomized 
rabbits subjected to deep artificial respiration was 78.3 ])cr cent, ivith a stand- 
ard deviation of 15.8 ])er cent and a standard error of 2.9 per cent. The mean 
percentage retention for the shallow-breathing, traeheotomi/.cd rabbits was 48.1 
per cent, -wnth a standard deviation of 21.0 per cent and a standard error of 

3.7 per cent. The t value (6.1) confirms the marked significance of this differ- 
ence. 

The mean percentage retention of phosgene in the trachcotomized dogs was 

61.7 per cent, with a standard deviation of 13.8 per cent and a standard error 
of 2.4 per cent. The t value (4.6) establishes the statistical significance of the 
difference between this mean and that of 74 per cent jireviously reported- for 
normal dogs. 

DISCUSSION 

Boj'd and Perry® investigated the intluenee of the nasobuceal pharyngeal 
filter on the toxicity of phosgene. They reported that, in rabbits and cats but 
not in dogs, by-passing the upper respiratory tract by tracheotomy before ex- 
posure to 0.30 to 0.45 mg. per liter of phosgene for thirty minutes produeed 
markedly greater mortality than was observed in intact animals of the respec- 
tive species exposed to the same concentration of phosgene. The difference be- 
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twccii the several s])eeics was atlributetl lo the fact that little pliosgene is re- 
moved and tlms rendered innoeuons by the nasal mucosa of the dog, which is a 
mouth-breather in warm weather, in contrast to the nose-breathing rabbits and 
cat. 

However, the inllnenee of resi)iratoiy volume on the dose of phosgene ac- 
quired during conventional chamber oxposiu’cs cannot be ignored. Inasmuch 
as there is no decrease in the respiratory intake of traeheotomized animals dur- 
ing exposure to moderate concentrations of phosgene, such animals must inhale 
more agent during a given period than do intact animals in which contact of 
phosgene with the nasal mucosa produces marked respiratory inhibition. Since 
this respiratory inhibition is of variable duration in different species, the species 
differences which Boyd and Perry have observed in the effect of tracheotomy 
on mortality following Ct exposure to phosgene for thirty minutes may he 
due to the fact that in the presence of pho.sgene, intact rabbits can maintain 
markedly reduced respiration for long periods, whereas intact dogs do not 
inhibit respiration significantly for more than a minute or two.-’ ® Consequently, 
the course of the influence of the upper respiratoiw tract on the toxicity of 
phosgene cannot be evaluated by chamber exposures. 

The results of our experiments indicate that the susceptibility of dogs and 
rabbits to the toxic action of phosgene is not significantly affected by the elim- 
ination of the upper respiraton' tract by tracheotomy. Since the actual dose 
of phosgene retained was measured, uncontrolled dift'erenees in respiratorj* in- 
take during exposure could not affect survival. Apparently, the proportion of 
inhaled phosgene which is absorbed by the upper respiratory tract at the con- 
centrations studied is too small and inconstant to produce statistically significant 
changes in the median lethal dose, particularly when the variability {statistical 
range) is great, due either to heterogeneity or to the small size of the sample of 
the experimental population, or to other factors previously discussed.- In this 
connection it is interestiirg that, by direct measurement, Cameron, Gaddum, and 
ShorP” observed that at nominal eoncentratioxrs of 40, 100, and 500 mg. per m- 
phosgene passes through the nose without marked loss, although 25 per cent 
difference in phosgene coircentratioir of air entering and lea\ing the nose is 
not rmcommon.” Later, they^” found that at higher concentrations, equivalent 
to those to which our dogs and rabbits were exposed, only 2 to 4 per cent of 
phosgene was removed by the nasal mucosa of monkeys. 

In the traeheotomized dogs the depth of respiration was significantly less 
and the respiratory minute volume greater tlian in the noi-mal group. If the 
toxicity of phosgene increases as respiration becomes deeper and slower, this 
might have masked a significant change in the after tracheotomy. To 

o.xplore this possibility further, the LD-o was determined in a gi-oup of tra- 
chcotomized rabbits in which, by means of artificial respiration, the depth of 
respiration was increased to more than twice that of the first group of trache- 
otomized rabbits, and the respiratory minute voliime was correspondingly de- 
creased. As previously noted, however, although the for the shallow- 

n-eathing rabliits was 40 per cent greater than that for the deep-breathin" rab- 
nts, the statistical spread for the two groups was too great to pennit the demon- 
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stration of significance in tiiis difference. A lai’gcr .sci'ics with more miiform 
control of deplli and minute volume of respiration might clarify tliis point 
furthei'. 

A highly significant difiercncc between the percentage of pliosgenc retained 
by the deep-breathing and by the shallow-breathing tracheotomized rabbits was 
demonstrated. An increase in the ])erccntage of inhaled gas retained as the 
tidal air volume is increased and the rate of airfiow is decreased would be ex- 
pected, since, with increased depth of resj)iration, a greater proportion of the 
inhaled vapors comes into direct contact with pulmonary respiraloiy cpitlielhim 
and the slower air fiows increase lime of contact. In the earlier e.xperiments 
on normal dogs,= goats,^ and monkeys, ■* in which the depth of respiration was 
not controlled, this relationship was obscured. However, the decreased per- 
centage of phosgene retained by the tracheotomized dogs as compared with the 
more deeply breathing, normal dogs probably is attributable, in part, to the 
shallower, more rapid respiration of the fonner group. 

The failure to explain the reported species differences in susceptibility to 
jjliosgcnc by eliminating the uiipcr respiratory tract indicates that as yet unde- 
fined factors must be re.sponsiblc. Thc.so data suggest that one such factor may 
be depth of respiration. 

SmiJIARY 

1. The median lethal dose, the per cent of inhaled agent retained, and 
the respiratory changes during dosimcti’ic exposure to phosgene were deter- 
mined, after by-passing the upiier respirator’}' tract by tracheotom}', in thirty- 
five iinancstholizcd dogs, in thirty-two unancsthetized rabbits which were sub- 
jected to deep, artificial respiration during exposure, and in forty-three un- 
anesthetized rabbits wliich brcatlicd moi’c shallowly and rapidly rvithout arti- 
ficial I’espiration. 

2. In addition, thirty-two normal, unanesthetized rabbits were subjected to 
artificial respiration during dosimetric exposure to a mean phosgene concen- 
tration of approximately 1.25 mg. per liter. The median lethal dose for this 
group was 0.20 mg. per kilogram (standard error = 0.015 mg. per kilogi’am). 
Because of leakage of the facepiece, the dosimetric technique described is not 
recommended for use in untraclieotomized rabbits. 

3. The median lethal dose for the dogs which were exposed to an average 
phosgene concentration of 1.4S rag. per liter was 1.20 mg. per kilogram (standard 
error — 0.18 mg. per kilogram). This is not significantly different from the 
LDbo (1-31 mg. per kilogram) previously reported for untraclieotomized dogs 
exposed at approximately the same concentration. 

4. The median lethal dose for unanesthetized, tracheotomized rabbits was 
0.25 mg. per kilogram (standard error = 0.052 mg. per kilogram) for a group 
of thirty-two, which was subjected to deep, artificial respiration during exposure 
to a mean phosgene concentration of 1.52 mg. per liter, and 0.33 mg. per kilogram 
(standard error = 0.042 mg. per kilogi-am) for tlie group of fort}'-three, which 
breathed more shallowly and rapidly without artificial respii-ation during ex- 
posure to a mean phosgene eoncentration of 1.30 mg. per liter. The decrease in 
the LDbo produced by the increase in depth and decrease in velocity of respira- 
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tor}’ flow is, however, not statistically significant, hloreover, as in dogs, the 
LDjo's in traeiicotomizcd and in intact rabbits are not significantly different. 
Therefore, since the susceptibility of both dogs and rabbits to phosgene appar- 
ently is not significantly affected by by-passing the upper respiratorj- tract dur- 
ing exposure, previously reported differences in the resistance of these two species 
to phosgene poisoning are not explained by this procedure. 

5. The mean percentages of inhaled phosgene retained were as follows: 
61.7 per cent (standard deviation = ± 13.8 per cent; standard error = ± 2.4 
per cent) for the tracheotomized dogs; 7S.3 per cent (standard deviation = 
±15.8 per cent; standard error = ± 2.9 per cent) for the deep-breathing, trache- 
otomized rabbits; and 48.1 per cent (standard deviation = ± 21.0 per cent; stand- 
ard error = ± 3.7 per cent) for the shallow-breathing, tracheotomized rabbits. 
No data on percentage retention could be obtained in the intact rabbits. The 
mean percentage retentions for the tracheotomized dogs and the shallow-breath- 
ing, tracheotomized rabbits are significantly less than that of 74 per cent pre- 
viously observed for a group of untracheotomized dogs and that for the deep- 
breathing rabbits, respectively. Since in the tracheotomized dogs and in the 
shallow-breathing, tracheotomized rabbits the mean tidal air was much smaller 
and the mean minute volume was greater than in the normal dogs and in the 
deep-breathing rabbits, respectively, these differences demonstrate the influence 
of depth and minute volume of respiration on the percentage of the agent re- 
tained after inhalation. 

6. In contrast to intact dogs, goats, monkeys, and rabbits, none of the 
tracheotomized rabbits or dogs, in which contact with inhaled vapors was limited 
to the respiratory tract below the larynx, exhibited any signs of respiratory 
inhibition or irritation during exposure to phosgene. 

The authors wish, to acknowledge the assistance of Mrs. H. A. Kriete, Mrs. A. V. Brans- 
ford, and the cooperation of Lieutenant C. C. Boyers of the Pathology Section. 


KEFEREXCE.S 

1. Coon, J. M., and others: 1945. 

2. Weston, E. E., and Karel, L. : An Application of the Dosimetric Method for Biologically 

Assaying Inlialed Substances: The Determination of the Retained Median Lethal 
Dose, Percentage Retention, and Respiratory Response in Dogs Exposed to Different 
Concentrations of Phosgene, J. Pharmacol. & Er^r. Therap. In press. 

3. Karel, L., and Weston, R. E.; The Biological Assay of Inhaled Substances by the Dosi- 

metric Method : The Retained Median Lethal Dose and the Eespiratoir Response in 
Unanesthetized Kormal Goats Exposed to Different Concentrations of Phosi^ene J. 
Indust. Hyg. Sc Toxicol. In press. ° ’ 

I. Weston, E. E., and Karel, L.: An Adaptation of the Dosimetric Method for Use in 
Smaller Animals: The Retained Median Lethal Dose and the Respiratory Response 
in Normal, Unanesthetized Rhesus Monkeys (Macaca Mnlatta) Exposed to Phoseene 
_ .1. Indust. Hyg. & Toxicol. In press. ’ ’ 

0. Chasis, H.: 1944. 

0. Tobias, J. M., and Weston, E. E.: An Apparatus for Measuring the Retained Do'e of 
„ Inhaled Substances, J. Lab. & Clik. Med. 31: S06, 1946. 

'. Bliss, C. I.: The Determination of the Dosage Mortality Curve From Small Numbers 
Quart. J. Pharm. & Pharmacol. 11: 192, 1938. ’ 

h. Boyd, E. M., and Perry, W. F.: 1944.1 

■ . BoyIand, E. McDonald, F., and Rumens, M. J.: Variation in Toxicitv of Pho=aene for 
1*81 Duration of Exposure, Brit. J. Pharmacol. & Chemother. 

30. Cam eron, G. E., Gaddum, J. H., and Short, E. D.: 1942.1 

tBriUsh"«poTn'’°"‘ Citations are to classified documents not Benerally available. 



CIIROiAKjGENIC EEAGTIONS TO THE HALOGENATION OP 
PEEGNANCV UJHNE 

Ai.r-AN- 0. Baknics. JI.B. 

Colvmhus, Ohio 

G I3RI\[AN patent No. GS0223 advances tlic claim lor a pregnancy test re- 
quiring only a few minutes to perform and di.splaying a high dcgi’Ce of 
accuracy. The reaction i.s dejicndent on llic jiroduction of a rose color when 
a solution of iodine i.s added to i)regnancy urine, the color being characterked 
by its solubility in isonmyl alcohol, Sclialcs /tnd Schale.s' have made an effort to 
identify the .substance J’c.sjjon.sibh' for this phenomenon, but we hnow of no other 
reports on the j)i'ocedurc. 


'rr.oiixiQin; 

The iodine reagent was jrrepared by adding l.b Gm. of iodine and 2.5 Gm. 
potassium iodide to 100 c.e. of water.’ Using glacial acetic acid and/or NaOH, 
the urine is ad.iuslcd to a ])II of 6.0 to nitrazinc paiicr. Five cubic centimeters 
are placed in each of two tost tubes and the tubes immersed for thirty seconds in 
a beaker of boiling water. As soon as the lubes are I’omoved, 0.2 c.e. of the iodine 
reagent is added to one and 0.4 c.c. to the other .si)ccimcn. The solutions are 
agitated gently for five seconds, and 2 c.c. of i.soamyl alcohol is added to each. 
After shaldng vigorously for a moment the tubes arc allowed to stand until the 
alcohol has stratified above the urine. A rose or pink color in the alcohol layer 
of either tube is read as ])ositivc. All other color changes or no color are rend 
as negative. 

Results . — The lest was carried out 300 times. In eight cases (2.7 per cent) 
the reading was doubtful. Of the remaining 292 j)a1ients, 203 were pregnant, 
and the result was positive in 159 (78.3 ])er cent). In the eighty-nine non- 
pi’egnant patients, negative reports were obtained in sixt 3 --ninc (77.5 per cent). 
This same material is rearranged in Table I to provide more information from 
the clinician’s viewpoint. From this it can be .seen that given a positive report 
there is about an 11 per cent chance of error, while the Jiogativc report cari’ies 
almost a 40 per cent error. 

Comment . — The claims made for the test cannot, on the basis of this work, 
be substantiated, and this degree of inaccuracj' rules out the procedure as an 
aid in the diagnosis of pregnancj'. The I’outine cheeking of such a claim, how- 
ever, while a necessary task, does not completel.v eliminate the reaction from 
further consideration. In the first place, it represents a chromogenic phenome- 
non which occurs more frequent l,v in the pregnant than in the nonpregnant 
woman, and from this point of view it merits consideration. Furthermore, a 
certain amount of interest is attached to the lest since it is the third time that 
halogenation of the urine has been advarreed as a color reaction for pregnancy. 

From the Department of Obstetrics and Gynccolopry, The Ohio State University Medical 
School. 

Received for publication, Sept. 6, 1946. 
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DARNES 


In a series of sixfy tests performed b}' tis, tliirlj' on prcEpiant and thirty 
on nonpregnant urines, tlie Friedrich test produced 20 per cent false positive 
and 50 per cent false negative results. Coincidental pcrfonnance of the iodine 
test on these same urine specimens revealed no identity or parallelism in the 
reaction of the two chromogenic substances. Tlic combined results obtained from 
these simultaneous procedures (that is, both tests positive, both negative, or a 
conflicting result) could not be correlated with the clinical diagnoses and did 
not improve the accui-acy of the laboratory reports. 

While their behavior with various adsorjrtion media differe, the most strik- 
ing dissimilarity between the two chromogens lies in their reaction to heat. 
The rose color cannot be developed when the temperature of the urine is above 
90° C., whereas the color developed on adding IICl is accentuated by prolonga- 
tion of the heating. 

Histidine . — That most nontoxemie pregnant women excrete histidine has 
long been loiown. That the phenomenon is not consistent enough to provide a 
pregnancy test is also acknowledged. The recent excellent work of Page^ has 
shown that the reaction is apparently due to a lowering of the renal threshold 
for histidine during pregnancy. 

Histidine gives a violet color on bromization, which has formed the basis 
for most of the histidine tests described. A solution of histidine hy'drochloride 
when mixed Avith the iodine reagent does not, however, yield the characteristic 
rose color, and the behavior of the rose pigment toward various adsorption 
media differs from that of histidine. The rose-color reaction under discussion 
apparently is not dependent on nor related to the presence or absence of his- 
tidine. 

In the eoui’se of compai’ing the two procedures, however, it was noted that 
whenever both tests were positive on the same sample of urine the patient Avas 
invariably^ pregnant. The coincidence of a positive rose-color reaction and a 
positiA'e histidine reaction carried an almost negligible diagnostic error. The 
question AA'as raised, accordingly, as to the frequency Avith AA’hich, in a series of 
cases, the tAvo tests coincided Avith positive reactions. 

The bromization technique of Page® is too sensitiAm for qualitaliAm purposes, 
and Avith it almost all urines are positive. The procedure AA'as therefore modified 
to "desensitize” it by treating the urine initially Avith Lloyd’s reagent and 
omitting the addition of sodium urate. One gram of Lloyd’s reagent Avas used 
for each 10 c.c. of urine and filtered out after fiA'e minutes. Three-tenths of a 
gram of charcoal Avas used in the step remoAung urinary pigments, and, since 
both adsorption media remove some histidine, this technique yielded positiA^e 
results only in the face of a high concentration of histidine. 

Besults. — The rose-color reaction and the histidine test Avere carried out on 
253 samples of urine. Both tests were positive in ninety-one cases (36 per cent) 
and negative in 73 (29 per cent), while the results of the tAvo procedures dis- 
agreed in the remaining' eighty-nine cases (35 per cent). Of the ninety'-one 
patients Avith Avhom both procedures AA^ere positive, ninety (98.8 per cent) Avere 
pregnant and one Avas nonpregnant. HoAA'ever, AAdien both tests were negative 
there Avas a 22 per cent ez'ror attendant on the diagnosis of nonpregnant, and 
in the face of conflicting reports from the tAvo tests no diagnosis could be made 
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at all. Of the 253 patients, 176 were pregnant, and the “double positive’’ 
occurred in only ninety (51 per cent). 

Comment . — In so far as the hydrocblorie acid reaction goes, it is doubtful 
that there is a single chromogcnic substance responsible for tbe color change. 
Actually the procedure is apparently a modified acid hj’drolysis, and Avhile 
it is true that the hormone content of a urine specimen can effect the color 
developed on acid hydrolysis, it is also obvious that the initial pigment content 
of the urine as well as its nonhormonal salts will have a decided influence. 

In contrast to this, the development of the rose color seems to rest on a 
definite chromogenic substance. While the exact nature of the substance is 
undetermined, it would appear to be neither hormonal nor specifically related 
to pregnancy. The degree of diagnostic accuracy for the simultaneous oeciu:- 
rence of positive readings in the iodine and bromine reactions is remarkable, 
although the fundamental basis for such a finding remains obscure. Aside 
from presenting an avenue for investigation, liowever, the combined procedures 
have a dubious value, and it is questionable that there is any immediate clinical 
application for the double test. Although the two determinations can be carried 
out in twenty minutes, two out of everj"^ three performed yielded a report from 
which no conclusion could be drawm. In one case out of everj’- three (in this 
series) a result was obtained which provided over 98 per cent accuracy in the 
diagnosis of pregnancy. 


CONCLUSION 

1. A rose color, soluble in isoamyl alcohol, is produced when an iodine solu- 
tion is added to some specimens of urine. While this reaction occurs more fre- 
quently in the pregnant than the nonpregnant woman, the claim that it provides 
a suitable diagnostic test for pregnancy cannot be substantiated on the basis of 
the studies herein reported. 

2. The color reaction which does take place is not related to the HCl reac- 
tion proposed by Friedrich as a pregnancy test nor to the histidine content as 
determined by bromization. 

3. The observation was made in the course of this study that a coinci- 
dental positive rose-color and positive histidine test was associated with preg- 
nancy in 98.8 per cent of the cases. In contrast to this high degree of specificity, 
however, the sensitivity is only 50 per cent, and the excretion of the rose chromo- 
gen bears no consistent relationship to either the duration or the nature of the 
pregnancy. 

The author vrishes to express his appreciation to Miss Eloise 'White, for her technical 
assistance. 
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SOME OBSERVATIONS ON SEVERE DIABETIC KETOSIS TREATED 
^YITI1 GLUCOSE AND INSULIN 


A. P. BitIGGS 
Augusta. Ga. 

T he present report is eoneerned witli some observations on acetone bodies 
and glucose in blood and urine, winch were made on a grouj) of patients with 
diabetic coma, or tlireatened coma, who were treated witli glucose and insulin. 
The I’e.siilts seem to bear on some of tlie un.setfled proldcins in this field. 

METHODS 

Aootonc and total acplone Ijodie.s wero dpiermined by tlie nictbod of Groenburg and Lester.' 
The quantities of reagents and .sani])lo sohilions were increased fivefold, .‘•o that a volume of 
10 c.c. of carbon tetrachloride extract was obtained for rending in the Bvel.vn colorimeter. The 
digestion for total acetone bodie.s was carried out under a rellu-v eonden.'-er with standard 
taper ground-glass connections. 

Qualitative clinical tests of (he acetone bodies in (he urine were made by: (1) the 
nitroprus.side technique of Rabiiunvitche; and (2) a modified Gerhardt technique: boil about 
10 e.o. of urine for two minutes; if a cloud develop.s, add n drop of strong HCl, and if 
it is still turbid, filter. Transfer 4 . c.c. of the boiled urine to one tube and 4 c.c. of the 
fresh urine to a similar tube. To each tidd 2 c.c. of a solution containing 50 Gni. FeCI, and 
12 c.c. concentrated HCl per liter. As ordinarily carried out, tlic ferric chloride test is 
difficult to assay in the presence of salicylate, especially if a little protein is also present, 
with the technique described here, relatively' small concentrations of diacctic acid may be 
detected by a difference of color intensity in the two tubes. 

Quantitative determinations of glucose were made, at first by an ndaptation of the 
technique of Hoffman, 3 subsequently by the Isclson-Somogyi'' colorimetric procedure. 

The Keiosus in Relation to the Diar/nosis of Diabetic Coma . — Two examples 
of diabetic coma are provided h.r Ca.scs 3 and 4 in Table I, with the urine giA-ing 
a negative reaction w'itli ferric cliloridc and only a mild reaction wth nitro- 
prusside. The concentrations of acetone in blood and urine arc similar in these 
cases, as in all of the otliers; liowevcr, the total acetone bodies of the urine in 
these tAvo cases are at IcA'els lower than those found in the blood. These observa- 
tions are, therefore, in confirmation of others”- wliich indicate that too much 
reliance should not be placed on tests for diacctic acid in the urine in the diag- 
nosis of diabetic coma. 

On the admission specimens the free acetone content of the blood ranges 
from 20 to 32 per cent of the total acetone. These figures are of tlie same order 
as those reported by Marriott." Since the free acetone of the blood ahvays 
amounts to a substantial proportion of the total acetone and since the acetone 
of the alveolar air bears a mathematical relation to tlie blood acetone, a test 
for acetone in ahmolar air should giA-e an index of the extent of the ketosis. 
A simple clinical method for the estimation of acetone in ah'eolar air has been 
described previously'.® 

Prom the Departments of Medicine and Biochemistry. University of Georgia School of 
Medicine. 
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Table I. Showing Changes in Blood and Urine or Patients With Severe Diabetic 
Acidosis During Treatment With Glucose and Insulin 


HOURS 

AITER 
BLOOD 
NO. 1 

BI-OOD 

URINE 

QUANTITATIVF. 

Mfl. 7c 

quantitative 

MG. 7c 

QUALITATIIX 

ACE- 

TONE 

TOTAL 

ACE- 

TONE 

BODIES 

GLU- 

COSE 

ACE- 

TONE 

TOTAL 

ACE- 

TONE 

BODIES 

FcCU 

NITBO- 

PRUS- 

STDE 

SUGAR 


Case 1 

Blood and urine No. 1 0 

50 units insulin S.C. 0 

1 

1 liter 5% glucose-saline 2 

I.V. 

Blood and urine No. 2 4 

50 units insulin S.C. 4 

1 liter 59r glucose-saline 6 

i.y. 

Blood and urine No. 3 12.5 

Case 2 

Blood and urine No. 1 0 

50 units insulin S.C. 0 
1 liter 5% glucose-saline I 
I.V. 1 

Blood and urine No. 2 10.5 

Case 3 

Blood No. 1 0 

50 units insulin S.C. 0 
plus 50 units I.Y. I 

1 liter 5% glucose-saline 2 
I.V. 

Blood No. 2 and urine 3 
No. 2 

Case 4 

Blood No. 1 0 

150 units insulin S.C. 0 

3 liters 5% glucose- 6 

saline I.Y. 

Blood No. 2 and urine 12 
No. 2 

Case 0 

Blood and urine No. 1 0 

50 units insulin I.Y plu.« 0 
150 units S.C. 1 

2 liters 5% glucose- 3.3 

saline I.Y. 

Blood and urine No. 2 4.5 

50 units insulin S.C. 

50 Gra. glucose plus 6 

orange juice orally 
Blood and urine No. 3 10.5 


2.3.7 

90.6 

SS9 


o 

6S.3 

»i6S 


9.2 

32.4 

363 

lO.S 

3.S 

2S.1 

35S 

3.1 

2.0 

14.4 

122 

3.1 

25.6 

114 

680 

26.2 

24.4 

67 

613 

22.4 

29.4 

91 

478 

29.7 

0.4 

13 

230 

6.9 

33.2 

111.0 

641 

37.6 

.31.9 

59.0 

.361 

.37.4 

24.1 

36.4 

75 

24.2 


319.2 


4 . X 4 - 4- 

4 . 4 . X 4 . 


■r -f 

X 4- 4. 4. 


57.8 

-r 


4 . 4 . 4 . 4 - 

63.3 


4 . 4 . 4 . 

X 4 . 4 . 4 , 

15.4 

Neg. 



63 

Neg. 

■1 + 

4 . 4 .X 4 . 

71 

Neg. 

■f 4 

4 . 4 . 4 . 4 . 

sr, 

Neg. 

■f-r 

--- 

14 

Neg. 

Trace 

-i-r 

741.0 

^ i i 

4- X X X 

4. 4- X X 

lOS.n 

4. 4- 


X X 4 . X 

44 .8 

Neg- 

4- -r 

, 


(Tnble / rant’d on following page) 
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Taule I. — Co.vr’u 




nnooD 

UKINE 



QUAKTITATU-E 

QUANTITATIVE 

1 






MO. % 


MG. % 

1 QUAUTATIVE 


nouns 


TOTAL 



TOTAL 





AFTER 


ACE- 



ACE- 


NITHO- 



nnooi) 

AGE- 

TONE 

OLU- 

ACE- 

TO.N'E 


PRUS- 



xo. 1 

TONE 

nOI'lES 

COSE 

TONE 

BODIES 


SIDE 

SUGAR 

Case 6 










Blood and urino No. 1 

0 

.32.2 

102.0 

930 



-1-4- + + 

+ + + + 

++++ 

150 units insulin I.V. 

0 









plus 200 units S.C. 

1 









500 c.c. plasma plus 500 

1 









c.c. saline I.V. 

1 









3 liters 5% glucose- 

10 









saline I.V. 










Blood and urine No. 2 

IG 

1.3.S 

39.5 

428 



Ncg. 

+ + 

4- +++ 

Case 7 










Blood and urine No. 1 

0 

21.5 

94.0 

.507 

27.8 

430.5 

+ + + 

+ + + + 

4-'f ■*'4' 

100 units insulin S.C. 

0 









2 liters 595) glucose- 

1 

() 









saline I.V. 










Blood and urine No. 2 

14 

17.8 

54.7 

G4 

19.0 

77.0 

+ 

+ + + 



Saline was administered subcutaneously to each of these patients durinpr the first fw 
hours of treatment. The Insulin employed was “recular” soluble Insulin. The figures for 
acetone bodies represent acetone etiuivalcnt.s. 


On the Use of Ghicosc in the Treatment of Coma . — Tliis has been a very 
controversial subject. Tliat administration of glucose is not necessary in the 
treatment of coma, providing the laboratoiy facilities are such that blood 
chemistiy can be obtained as desired at any time of tlie day or night, is certain 
from the reports of Joslin’ and Root.^® Among the objections to the use of 
glucose which have been suggested are the following: (1) Glucose neutralizes 
insulin. It is true that glucose will prevent insulin hypoglycemia, but accord- 
ing to Drurj’’ and Palmer,^^ the activity of insulin is greater at high blood sugar 
levels. (2) Intravenous administration of glucose solutions will aggravate 
diuresis and dehydration. This is true for strong glucose solutions in distilled 
water but not for 5 per cent glucose in saline. (3) Glueose administration inter- 
feres -with the use of blood sugar as a basis of control. This is a valid objection. 
However, the objection would be a more important one if the level of blood sugar 
could be taken as an accurate index of the extent to which the metabolic disturb- 
ance is corrected. That this is not always true is shoum by the results in Cases 
2, 5, and 7. In each of these, the level of the blood sugar had returned to the 
normal range when the last blood Avas taken, but the ketosis in each instance Avas 
far from complete correction. Accordinglj’-, tests Avhich indicate the extent of 
the ketosis are suggested as an alternative basis of contr-ol. Determination of the 
plasma bicarbonate may be substituted for the determination of total acetone 
bodies. Although loAvering of bicarbonate is not due entirely to ketone acids, as 
pointed out by Martin and "Wick,^^ the loAvering of the bicarbonate level is con- 
sidered by Joslin and co-AVorkers= as a reliable index of the diabetic acidosis, 
and improvement in the plasma bicarbonate has been suggested as a basis of 
control by Almy, Swift, and Tolstoi.^® Except for cases Avith suppressed ex- 
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cretion, the intensity of the ketosis is indicated in a satisfactory manner by the 
tests for diaeetic acid in the ni'inc. As illustrated by the results in the table, the 
test with ferric chloride becomos negative, first, and then fading of the test 
with nitroprnssidc follows. 

The following are among tlui advantages a.s.soeiated with the use of glucose: 
(1) The administration of glneo.se le.ssens tlie ehanee of hyiioglycemia. This is 
particularly important in the elderly patient willi diabetes with coronaiy disease. 
It is well known” that such patients are prone to attacks of angina with hypo- 
glycemia or even with a sudden droj) of blood sugar from a chronic high level 
to the normal range. In Cases 2, 5. and 7, the return to normal would have been 
considered too rapid for elderly sub.iccts; more glucose would have been ad- 
ministered. (2) The patient in diabetic coma is in need of carbohydrate,^'* His 
stores of glycogen are to a certain extent depleted, and intravenous administra- 
tion of glucose is the most feasible method for carbohydrate replacement and 
for promding nourishment until lie is able to take food by mouth. Aceoi’ding 
to the calculations of Joslin.'’ who minimizes the need, the total carbohydrate of 
the patient in coma may be depleted to an average extent of about 30 6m., and 
Joslin concedes the need for carbohydrate to cover half the caloric i*equirement 
for the first day, which would amount to about 175 Gm. for a man weighing 70 
kilograms. In other words, such a patient should have at least 200 Gm. of 
glucose in the fii*st twenty-four hours. The patients who were the subjects of 
this study received from 100 to 200 Gm. within the first few hours. Certainly 
this was not too much. In each instance, by the time the last blood sample was 
taken, the administered glucose had been disposed of and part of the patient’s 
blood sugar as well, in Cases 5 and 7, a state of mild hypoglycemia had de- 
veloped. 

In view of the observed results, it is suggested : that the patient in diabetic 
coma should receive glucose in quantities equivalent to at least half the caloric 
requirements ; that administration of insulin might be controlled by tests which 
indicate the intensity of the ketosis; and that detenninations of sugar in blood 
and urine be carried out in order to safeguard against hj-poglycemia. 

SUIISLVRY 

Observations have been made on changes in the concentrations of sugar and 
acetone bodies in blood and urine during the treatment of diabetic coma Avith 
insulin and glucose. Prom the obscm’ed results, suggestions have been made con- 
cerning the appropriate quantities of glucose wliich should be administered and 
concerning appropriate tests for diagnosis and control. 

Acknowledgment is made for clinical assistance to Dr. J, Martin Dr J L Xfulhertr, 
Dr. Phyllis Johnson, Dr. J. D. Lokev, and Dr. J. W. Hurst. 
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THE EFFECT OF GLYCEROPHOSPHATE ON BLOOD COAGULATION 
AND ON BLOOD CLOT RETRACTION 

Robert D. B.vrkard, M.D. 

New York, N. Y. 

T he anticoagulant effect of soluble glycerophosphates has been prev-iously 
mentioned.^ Since the solubility of calcium glycerophosphate, like the 
citrate, has a negative temperature coefficient, it seemed likely that calcium 
glycerophosphate would be poorly ionized and that glycerophosphate might 
inhibit coagulation by calcium ion depressant effect. This proved to be the 
case. Glycerophosphated plasma is readily coagulated by the addition of cal- 
cium chloride, sulfate, or dibasic phosphate, and whole glycerophosphated 
blood showed an unusual delay in spontaneous hemolysis on storage. Glycero- 
phosphate found a limited application as an anticoagulant for blood specimens 
that had to be transported for long distances under unfavorable conditions 
prior to special serologic examination; however, since a final concentration 
of 2 per cent glycerophosphate in the plasma was found necessary for complete 
coagulation inhibition, the utility of this anticoagulant was limited by expense. 

When less tlian 2 per cent glycerophosphate was added to freshly drawn 
blood, coagulation was delayed; however, after the advent of the latter, clot 
retraction appeared to be accelerated. Because there are clinical conditions in 
which clot retraction is deficient, this effect was further studied. 

EXPERIMEXT.VL 

Eastman’s sodium glycerophosphate (52 per cent alpha) and Merck’s beta 
preparation were used. Both gave essentially the same results. After dissolving 
the substance in water, the solutions were brought to pH 7.4 by the addition, 
droprvise, of concentrated HCl. 

Blood was collected directly from the arm vein of hmnan subjects by the 
insertion of a 3 inch, 20 gauge needle and allowed to flow directly down the 
glycerophosphated, solution-moistened Avail of a graduated centrifuge tube 
containing measured quantities of 5, 10, or 20 per cent sodium glycerophosphate 
solution. During collection the centrifuge tube was continuously agitated by 
tapping the bottom to facilitate admixture AA-ith the anticoagulant solutioii, 
Avhich, because of its high viscosity and specific gravity, otherwise tends to 
sti'atify at the bottom. 

Coagirlation time Avas measured by the Lee- White method^ and clot re- 
traction time by that of Macfarlane,^ Avith the necessary modification that 
these determbmtions AA’ere made Anthin the centrifuge tube into which the 
blood collection had been made. 

Received for publication, June 19 , IDIG. 
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While a final concoitralion of 2 per rent or over of sodium glycerophos- 
phate was fonnd nocessaiy to provenl coagulation indefinitely in most samples 
tested, in some, as little as 0.04 per cent would cause sensible inhibition. In 
other samples, 1 per cent glyceroplio-sphalc would delay coagulation for several 
hours, hlorc constant, however, i.s the effect of subniininial anticoagulant quan- 
tities of sodium glycerophosphate on clot retraction time which is definitely 
dimini.shed, as .shoAvn by representative experiments in Table I. Not amen- 
able to quantitative representation is the fact that clots in glyeerophosphated 
blood appear to shrink more j'apidly and to attain a smaller final volume than 
in the control blood samples. 


Table I. Effect of .SODiL’>t Olycehoi'Iiosphate ox CoAonmvTiox axd Clot BETracTiox Tuir 


SAXrpIjK 

oriYCKnOPHOKPirATK 
( PKK CKXT) 

rLOTTIN'O TI^rK 
(MrNTTKS) 

CLOT nETIUCTlO.V 
TIME f.MI.VUTES) 

Be 

0.00 

.3.5 

70 


0.25 

5.0 

40 


0.50 

0.0 

25 

]\rvTc 

0.00 

.3.5 

55 


0.10 

4.5 

35 


0.20 

0.0 

30 


0.50 

9.0 

20 

Gi 

0.00 

5.0 

SO 


0.50 

7.0 

45 


1.00 

8.5 

30 


1.50 

14.0 

40 


2.00 

No clot 



It might be mentioned that in the blood of a patient with terminal acute 
myeloid leucosis, with extensive purpura and a thrombocj'te count of 28,000, 
the addition of 0.25 per cent sodium glycerophosphate did not induce clot 
retraction which was found to be absent both in the glyeerophosphated and 
homologous control blood sample at the end of forty-eight hours. Also worthy 
of mention is the confirmation of the fact, previously noted, that blood samples 
containing completely anticoagulant concentrations of glycerophosphate, after 
a month of icebox storage, .shou' barely a tinge of hemolysis. 

SUMMARY 

The addition of sodium glycerophospliate to shed blood in concentrations 
of 2 per cent or over completely prevents coagulation. Inhibition of coagula- 
tion is usually evinced by concentrations of 0.10 per cent and may^ be evinced 
in some samples by as little as 0.04 per cent. Concentrations which permit 
clotting cause an acceleration of clot retraction. 
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BLUE FLUORESCENT SUBSTANCE IN URINE 


D.vxiki* S. Stkvi’.xs. Ph.D.. axd Okokoe F. Dick, ;M.D. 
Chicago, Iel. 


S OilE of tlic cJU'ciiiogeiiic hydrociirbons have very distinctive fliioreseent 
spectra. These spectra consist of shaip bands in the blue region. This 
property has aided in the detection and isolation of these substances. The 
separation of benzpjTene from coal tar liy Cook and co-workers' is a good 
e-xample of this land of investigation. 

In the present paper is reported the detection of a substance in urine which 
has two bands in its fluorescent spectrum, witli wave lengths of approximately 
1100 A and 4400 A. Furthermore, this fluorescent property has allowed the 
substance to be traced through se%'eral chemical reactions. The physical and 
chemical properties thus far determined indicate that this substance is closely 
related to Imown carcinogenic agents. 

The concentration of the substance was performed in such a manner that 
chemical clianges in the urine would be avoided. Tlie urine was placed in a low- 
temperature evaporator and dried from the frozen state. The construction of 
this evaporator alreadj' has been described.® 

The residue was washed twice with benzene. The benzene washings from 
100 liters of urine were collected and the benzene removed in the evaporator. 
This yielded a dark fatty residue, which was cliiUed in an ice bath and washed 
with ethyl alcohol. At this temperature the alcohol dissolved little of the fat 
but r-emoved the fluorescent material, giving a dark solution. 

The alcoholic solution was then reacted rvith paracarboxj-phenylhydrazine. 
The latter is a ketone reagent that does not combine with the fluorescent sub- 
stance but does combine with other substances that are present. One gram 
of paracarbo.xj-phenylhydrazine was added to 100 c.e. of the alcoholic solution, 
and tile flask, fitted with a reflux conden.ser, was placed in boiling water for one 
hour. The contents of the flask were then evaporated to di-j-uess in the 
evaporator. 


Two hundred cubic centimeters of 4 per cent potassium carbonate were 
added to the residue, and the mixture was heated gently for thirty minutes, 
fhis formed the potassium salt of the excess paracarboxj-phenylhydrazine and 
all compounds formed from its reaction. 

The water mLxture was reduced to diyness in the evaporator and the residue 
washed -with benzene. This benzene solution was then evaporated to dryness 
producing a few milligrams of oily material. This is the purest state in which 
the fluorescent substance has been produced. 


t rom the Department ot Medicine. ITnneroity of Chicago Clinics 
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T]ie fluoi’escciil substance lias been observed in all samples of urine that have 
been examined. Calf urine is the richest .source thus far found. In the case of 
calf urine, the bands arc elearlj'' visible in the fluorescent spectrum of the first 
benzene washings, showing that this substance is native to the urine. With 
human urine, it is jirobably necessary to carry through the chemical reactions 
outlined before the bands become visible. 

jMolccules of this tj'pe may have a bond structure that will form an 
addition compound with maleic anhydride. This Dichls-Alder reaction is 
exhibited by methyleholanthrcnc.^ The addition of maleic anhydride to a 
fluorescing solution of methylcholanthrcne quenches the fluorescence instantly 
The same effect is obtained with the unknown substance. It will be noted that 
the unknown substance is soluble in benzene and does not react with alkalie.s, 
paracarboxyphenylhydrazine, or digitonin. 



X 

2 


Fiij. 1. — Fliiorescoiit ."iprctroffram.o. J, MothylelioInnUiienc; S, iiiiloiown .substaiico. 

The fluorescent properties of a considerable number of biologic substances 
have been examined. None of them correspond to the unknown substance. 
Prom our experience, a natural product giving fluorescent bands in the blue 
would be a very rare material. 

It is thought that this is a new substance whose nature should bo determined 
regardless of its relation to cancer. A few mice wei’e injected with the sub- 
stance without causing tumors. However, this work may not be conclusive. 

SPECTKOSCOPIC examination 

The fluorescent light from the solutions is weak, so that it is wise to provide 
a strong source of ultraviolet light and photograph the spectrum with a spectro- 
graph of large aperture. Apparatus that had been used previously for the 
fluorescence of porphyrins* was readily adapted to the present work. 

The light source was an are of National “C” carbons operated at 40 
amperes. A Corning filter No. 586 transmitted a narrow band of ultraviolet 
light around 3800 A. A water cell placed between the arc and the dlter allowed 
the are to be operated within 8 cm. of the solution. The fluorescing solution 
was held in a test tube placed direct against tlie slit of a Steinheil spectrograph. 
Exposure times on the plates were about fivm minutes each. 

Commercial solvents are likely to contain sufficient fluorescent material to 
obscure the results. Satisfaetoiy benzene was obtained by wasliing the com- 
mercial product with concentrated sulfuric acid and then distilling twice the 
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benzene from the frozen state in the evaporator. The ethyl alcohol was a 
product purified in the Department of Bioehemistiy. 

The present rcsxilts wore ol)tnincd over a period of time before their interruption by 
the war. The work was carried as far as the available resources would allow. The De- 
partment of Physics kindly made the Steinheil spectro^^raph a%ailnblc. ^It is also a pleasure 
to acknowledge valuable' suggestions contributed by Dr. Rosalind Klass and Airs. H. C. 
Brown, who have worked on the problem. 
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LABORATORY METHODS 


A STJH’LF. JIETIJOJJ 1<’0K AySUJilNG ACOlJ]{A(JV IN DJi'I’EH.MINATJON 
OF OXYGEN rONSiniPTFON F.Y THE HENEDICT- 
ROTIT APPARATUS 


.1. iM. Bauman, and E. I’oitciiA:, J’li.l). 

RoSATtIO, AKfiT^NI’rXA 

I N CASES M’Jiex'c bi'oathiiig is irregular it is difficult to trace the ‘‘oxygen 
line” accurately. In some gi’aplis two different lines, representing wdely 
varying oxygen consumptions, can be traced, either of which can be considered 
the correct one. To obviate lliis difficulty, a simple method has been devised; 
it is based on the following considerations: The lung and spirometer form a 
closed sj’stem from which oxygen is removed by absorption through the lung. 
This system has two compartments, the respiratory tract and the .spirometer. 
At each respiratory movement the I'clativc proportion of gas in each compart- 
ment varies; therefore, in order to appreciate the total decrease in volume, it 
is necessary to measure the gas contained in the spirometer at the same moment 
of the respiratory cycle. Usually this is done by tracing a line through tlie 
points corresponding to normal expiration, when the lung contains only re- 
serve (supplemental) and residual air. The volume of reserve air varies with 
the depth of expiration, a fact which introduces a variable in the proportion of 
gas contained in the spirometer, having no relation to the total volume. The 
residual air, on the other hand, remains constant in tlie conditions of the e.x- 
periment; therefore, if only this part of the total volume of gas remains in the 
respiratory tract, variations in the spirometer volume will correspond accu- 
rately to changes in total volume; that is, to oxygen con.sumption. 


UROCEDUIU: 

While the patient is Irreathing normally’- into the spirometer, he is in- 
structed to make a deep expiration. It is important to assure the maximum pos- 
sible emptying of the lung, so that all the reserve (supplemental) air will he 
expelled into the spirometer; for this the subject must be stimulated to go on 
expelling air until the expiratory line flattens out. This is repeated once or 
twice at two- to six-minute intervals. The ‘‘oxy’gen line” is traced by joining 
the points of extreme expiration. In Figs. 1 and 2 the ‘‘oxygen line” ob- 
tained by tracing it at the end of normal expiration rvas parallel to that ob- 
tained by’ joining the points of extreme expiration. Also shown in Pig. 2 is 
the constancy of residual air, since the three points of extreme expiration are 
in a straight line. In both cases, as in many others with regular respiratory 
rhythm, there was no difference in the oxy’gen consumption values determined 
by both methods. 

BYom the Institute of Physiology, Faculty of Medicine. 
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Out of forty-two cases of nonual, liypertliyroid, and hypothyroid subjects 
taken at random, tlic difference bclwccu the oxygen values given by both 
methods was less than ±0.5 cal. per m-h in twenty-seven; it was between 0.5 
and 1 cal. in six cases, 1 and 2 cal. in five cases, 2 and 3 cal. in three cases, and 
in one case the method proposed gave a figure 4 cal. below that obtained-by the 
usual method (Fig. 3). 



Fig; £• 


In Fig. i IS shown a respiratory curve that cannot be used to determine 
a^gen consumption ly the nomal method because of irregular reS™ 

1 oxjgen consumption as determined by the method proposed was^4.8 eal. 
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m-h and 35.5 cal. m~h by the Tissot-lTalclanc open eireuil method. A .similar 
agrecmenl between the results obtained by I)olli these melliods was registered 



Dispertion Cal 

Fie- 3. 



SUMMARY 

The "oxygen line” in the Benedict-Both basal metabolism method can be 
traced at the end of extreme expii’ation with greater accuracy than at the end 
of normal expiration, since the volume of residual air remains constant; while 
the volume of residual plus resei-ve (supplemental) air varies with the depth 
of respiration. Accurate oxygen consumption determinations can be made with 
this method in eases with irregular respiratory rhjdlim in which by the usual 
method it is impossible to do; this often occui-s in eases of hypertlijanidism in 
which basal metabolic rate determinations are of primary importance. 



A SIMPLIFIED METHOD FOR THE ESTIMATION OP SODIUM 

T. Bu.\»bury 
Iowa City, Iowa 

T he method of estimating t!ie sodium content of urine or l)lood as described 
in this paper was developed in the coiii'sc of a study of the effectiveness of 
various diuretics. In many of the publislied articles chloride excretion lias been 
used as an index of sodium loss, but there have been relatively few studies on 
the ability of A'ai’ious diuretics to cause excretion of sodium. An investigation 
of the diuretic action of ammonium chloride made it necessary to use a method 
of determining sodium rather than chloride. A preliminary trial of several of 
the sodium methods indicated the need of simplification before they could be 
adapted to routine use. To meet this need a simplified technique was developed 
and is presented herein as a procedure worthy of use as a routine test. 

Sodium was fii-st determined quantitatively by precipitation with uranyl 
zinc acetate by Barber and Kolthoff.'- - Butler and TuthilP applied this method 
to biologic solutions and foiuvd that interfering substances, such as proteins and 
phosphates, could be eliminated before the sodium was precipitated. SaliP 
modified the procedure hy the addition of alcohol to obtain a quantitative pre- 
cipitation of the triple salt. The triple salt was then caused to react inth potas- 
sium ferroeyanide to develop a reddish brown color, the intensity of which was 
determined in a colorimeter. In our experience, the pH of the solution and 
the time of color development had to be closely controlled. M^einbaclP adopted 
the alcoholic precipitation metliod of Salit but preferred to titrate the triple 
salt against 0.02 N sodium liydroxide. Since amphoteric hydroxides were formed 
in this titration, the end point was not sharp. 

Arnold and Pray'' described a colorimetric method for the determination 
of sodium. However, the color change in their method required the use of a 
spectrophotometer. Caley and Foulk" used uranyl magnesium acetate to pre- 
cipitate sodium as a triple salt. They found that when the triple salt was dis- 
solved, the color intensity of the solution was proportional to the concentration. 
It occurred to us that since the uranyl ion made the reasent a brilliant vellow. 
tile supernatant solution should lose color in proportion to the amount of triple 
salt that was precipitated. This possibility was realized in subsequent tests so 
the method described here is based on the color intensity of the reagent after 
precipitation of the ti-iple salt. Use of the supernatant reagent has the advan- 
tage of eliminating the steps of washing the tz-iple salt and any subsequent pro- 
cedures of weighing, transfer, color development, or titration. 

Zfeopenfs.— The uranyl zinc acetate was prepared in the proportions mven 
by Wc inbach. However, it was found tJiat the uranyl acetate (77 Gm.f dis- 

Obstetrics and Gynecoloej-. University Hospital, State Uni- 
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solved more quickly in 800 c.c. of wafer plus 14 c.c. glacial acetic acid. The 
zinc acetate (231 Gm.) was llien added in small portions which dissolved veiy 
quickly. Tlie final 7 c.c. of acetic acid was added and the solution made np 
nearly to volume. After cooling and standing overnight it was made xip to final 
volume (1 liter). This reagent was equally as satisfactory as that prepared by 
dissolving the uranyl and zinc acetates .separately and combining the hot satu- 
rated solulions- 

Standard solutions of chemically pure .sodium chloride were made up over 
a range of 1.0 to 10.0 mg. ])or cubic centimeter, at 1 mg. intervals. These were 
needed to prepare the colorimetric absorption curve and to use as cheeks in sub- 
sequent determinations of unlmowns. Since sodium chloride was used as a 
standard, we have expressed our values as equivalents of sodium chloride rather 
than sodium. Other salts of sodium such as the carbonate, acetate, or citrate 
gave quantitative sodium equivalents. 

The colorimetrie determinations were made with a Fisher electrophotometer 
rising the blue filter No. 425 and the 3 c.c. micro cells. 

Preparation of Urine . — The urine should be refrigerated for several hours 
and then filtered before using. Salit reported that the bulk of the phosphates 
and urates can be precipitated by refrigeration. In our experience, if the urine 
was alkaline or was made alkaline by allowing ammonia to bubble through it, 
the phosphates were so completely precipitated by refrigeration that the addi- 
tion of calcium hydroxide was not necessary. If albumin was present it was 
removed by addition of mercuric chloride or trichloracetic acid. 

Preparation of Blood or Serum . — ^An equal volume of 20 per cent trichloro- 
acetic acid should be added slowly and stii’rcd vigorously to break up the clumps. 
This should be centrifuged and then the clear supernatant fluid used. 

METHOD 

Pipette 1 c.c. clarified urine, deproteinaled scrum, or sodium-containing 
solution into a 15 c.c. centrifuge tube. 

Add 4 c.c. uranyd zinc reagent, freshly filtered. 

Add 2 c.c. 95 per cent alcohol. (Use volumetric pipettes for these three 
solutions.) 

Stir or invert the tubes to obtain thorough mixing and tlien allow to stand 
for trventy to thirty minutes. 

Centrifuge. Decant the clear supernatant into the colorimeter absorption 
cell. If there is a pellicle of floating crystals, it may- be eliminated by'^ decanting 
the first few drops and then pouring the rest of the solution into the absorp- 
tion cell. 

Determine the color intensity with the photometer. 

When urine is used as the unloiown, there must be a correction for the 
yellow color of the urochrome. This is done by'- maldng up a blank tube with 
1 c.c. of the urine specimen, 4 c.c. of -water, and 2 c.c. of alcohol. The photom- 
eter reading of this blank is subtracted from the reading of the urany-l solution 
containing the urine. 
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The sodium content of the unknown is determined by interpolating the coi' 
rected photometer reading on the absorption curve pi-eparcd from the standard 
sodium solutions. The type of cur\-e obtained is illustrated in Fig. 1. The scale 
values will he different for each photometer and for the absorption cells unless 
they are perfectly matched. 

One or two standard .solutions and a blank have been included with each 
determination to he certain that the conditions of the test and the solutions have 
not changed. The gi'eatest variations observed in multiple determinations on 
standard solutions are indicated by the bars above and below the curve in Fig. 1. 
An example of the colorimeter readings and the sodium values for two urine 
specimens is given in Table I. 



quantitiM acetete reagent after precipitation by increasing 

425 ana“ cfe. micro Fisher electrophotometer nsing blue fllte^Nm 


This colorimetric method was checked gravimetrically by mixing the solu- 
tions m a Jena filter and washing and drying the triple salt and then determin- 
ing its weight. The method was that of Butler and Tuthill except for the pro- 
portion of the solutions and the addition of alcohol. The results of one trial 
using blood serum and standard solutions of sodium chloride are shown in Table 
tt- In general, there was close agreement of values for each solution. 

chloride values are less than 1.5 mg. per cubic centimeter the 
ifterence between colorimeter readings is only 0.6 to 0.8 for 0.5 mo- differences 
m concentration. The absorption cells that were supplied with the electronho- 
ometer varied as much as 0.6, so it was neces.saTT to use the same ccH -Fn,- u 
CO or reading to detect small differences. To insure that the cell was in^tL 
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Table I. Example of Pjtoiomeiric Headings Obtai.vi:!) on* Uiiinb Samples and Standard 
Solutions of Sodiusi CnLoiiinE Am:u Ti!E\t.ment With Ur-\NyL Heaoent 
AND CaLCUIjATF.D SODIUM ClIIXJIlIDE CONCENTRATION IN UlUNES 



photometer 

COLOR 

CORKECrro 

CALCULATED 

KACL 


READING 

CORRECTION 

niiADiNa 

(M0./C.C.) 

Urine Xo. 1 

28.8 

2,8 


4.0 

Urine No. 2 

2-1.4 

C,.I 

18.1 

8.4 


Blank 

' 32.0 1 


Standard NaCl 

1 

I Obserxntions made to bo certain tliat condition.® 

5 mg./c.c. 

2o.3 1 

r of the test and flic .solutions have not changed 

10 nig./c.c. 

14.0 J 

1 


Table II. Compauison of Gilwiaietwc and Pjiotomktiiic Esii.matio.ns of Sodium Chiokide 
IN Blood Seru.m and in Standard Solutions 



! OBSERVATIONS 1 

I CALCUIATED Nad (MG./C.C.) 

aOLUTlONS TESTED 

GRAVIMITTRIO 

MG. 

PHOTOMETKIO 

REAPING 

GILXVIMETP.IO 

PnOTOlIETRIC 

Serum 

Standard solutions 
(mg./c.c.) 

114.0 

20.0 

8.50 

s'.in 

10.0 

207.0 

13.7 

P.97 

10.05 

5.0 

13S.0 

24.8 

5.10 

5.30 

1.5 

40.2 

30.3 

1.50 

1.50 

1.0 

27.5 

.•!3.1 

1.02 

0.90 

0.5 

13.0 

31.7 

0.50 

0.45 


.same position for each reading, a point was licafod in a Bxnisen flame, and a 
.small bleb ivas blown in the side of the cell. This bleb fitted into a notch that had 
been cut in the carrier and a.ssurcd exact orientation. By rinsing the cell with 
small portions of tlie solution to be read, any significant dilution b}* the remains 
of the preAdous solution ivas aimided and duplicate samples usually checked 
Aidthin 0.2 on the photometer scale. The curve is sleeper Avhen sodium chloride 
values exceed 4 mg. per cubic centimeter and differences in readings ai’e more 
significant. Since, in our experience with urines, the sodium chloride concen- 
tration never exceeded 10 mg. per cubic centimeter, the curve was not extended 
beyond that point. Casual observations indicate that it can be used at least up 
to 15 mg. per cubic centimeter. It cannot be used to the theoretical zero be- 
cause the yellow triple salt is soluble Avhen the concentration of the reagent is 
reduced beyond a critical level. 


SUM5IARV 

A simplification of the uranyl zinc method for determining sodium is 
described. 

The method has been found suitable for the routine testing of urine and 
blood. 

The method can be used udien sodium chloride eonceiitratious are as low as 
0.5 mg. per cubic centimeter. Estimations by tliis- colorimetric method have 
usually checked Avithin,2 per cent of those obtained by the gravimetric method. 

The author is indehtel to Miss Donna MacLachlan and Miss Amanda Piper, for tech- 
nicaJ flssistaneo is testing- this method, 
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A DIKECT PHOTOELECTRIC JIETHOD FOR THE DETERMINATION 

OF SERUM CALCIUM 

Judith E. Elliott, B.S., axd P. B. Pkakson, Ph.D. 

CoLiACOK Station*, Tilvak 

O NE of tlie disa(ivanfage.s of the litriinctric methods for tlic delennination 
of serum calcium -willi potas'sium ])ermanfiana(c is the difficulty encountered 
in reading the end ])oint when the usual visual jiroeedures are used. It should 
be possible to avoid this di.sadvantage by tlie application of colorimetric or 
speetrophotometric techniques to the analj'sis of serum calcium and at the same 
time to effect a considerable saving of time. Colorimetric methods for calcium 
have been based on the final precipitation of the element, as the alizarinate,’ 
pho.sphate,-*^ tungstate,® or oxalate.® Jlore recently a method has been developed 
for the determination of calcium by precipitation as the oxalate and the 
.speetrophotometric measurement of the permanganate." 

Some of the afore-mentioned methods, as eolorimetric methods, have been 
used to a considerable extent for the special purpose for which they vere 
developed. Their general limitations arc not well c.stablished, and their applica- 
bility to the determination of serum calcium has been .studied in only a few 
instances. 

Sendroy® developed a photoelectric method for the detennination of serum 
calcium based on the reduction of ceric sulfate and the measurement of the 
yellow color after the addition of excess potassium iodide. This method appears 
to give accurate results in the hands of an experienced analyst, however, it is 
rather laborious for the routine analysis of large numbers of samples, and it 
employs indirect equivalent i-elations and caleulation.s. 

The application of the permanganate method to the photoelectric determina- 
tion of serum calcium appeared to offer several advantages over existing methods 
for serum calcium. The method presented in this paper is based on the precipita- 
tion of calcium as the oxalate and the photoelectric or speetrophotometric 
measurement of the amount of potassium pennanganatc reduced by using an 
excess of this reagent. By this method scrum calcium may be determined with 
a high degree of accuracy on a relatively large number of samples with any one 
of a number of modern photoelectric colorimeters or sjicetrophotometers. 


Jtcagents . — 

Sodium oxalate solution. (Prepared by dissolving approximately 6 Gm. of 
sodium oxalate in 1 liter of distilled water.) 

2 per cent ammonium hydroxide. 

Approximately 5 N sulfuric acid. 


From the Nutrition Laboratory, Agricultural Experiment Station, Agricultural and Me- 
chanical College of Texas. 

Received for publication. Aug. 8, IStC. 
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Standard potassium permanganate solution — approximateh* 0.01 N. (Tliis may 
be used without standardizing provided a ealiliration curve is prepared 
with each new .solution. Tlie stability of tlic pota.ssium permanganate 
can he conveniently eliecked at inteiwals with standard calcium oxalate. 
It may. liowever, be more convenient to prepare one .standard cuiwe 
for a .specific normality and thereafter to adjust eacli new solution to 
that particular normality.) 


Procedure . — To a 15 c.c. graduated conical centrifuge tube add 2 c.c. of 
serum that is free from erythrocytes plus 1 c.c. of the solution of -sodium oxalate, 
llix aud allow to stand overnight to insure complete precipitation of the 
calcium oxalate. Centrifuge for five minutes at about 2,600 revolutions per 
imnute. This packs the preeijiitate of calcium oxalate fimily enough to peimit 
siphoning oft’ all but about 0.25 c.c. of the serum and excess o.xalate solution. 
This is conveniently done by using a capillary tube with an upturned tip. 
hesuspend the precipitate in the remaining solution and then add 5 c.c. of 2 per 
cent ammonium hydroxide from a pipette so that the sides of the tubes are 
lansed to remove residual oxalate. Centrifuge at about 2,600 i-.p.m. for five 
mmutes. Repeat the washing procedure two more times or until all residual 
oxalate has been removed. 


After washing, dissolve the precipitate in 5 c.c. of 5 X sulfuric acid, 
vlaee the centrifuge tubes containing the dis.solved calcium oxalate in a 
loilmg water hath for five or sLx minutes. Add exactly 2 c.c. of the potassium 
pemangauate solution and dilute to 10 cubic centimeters. Let stand for five 
minutes, but no longer than fifteen minutes, before making -speetrophotometric 
01 colorimetric readings at 530 millimicrons. 

Cahbreition Curue.— Calcium sulfate is used for preparing the calibration 
^ containing the foUowing amounts of calcium ■ 

O-IO, 0.14, 0.18, 0.20, 0.22, 0.26, 0.30 and 0.34 milligram. The standard is then 
leated exactly as described for the serum. The density or transmittance de- 
pending on which reading is taken, is plotted along the ordinate and the amounts 
0 calcium along the abscissa of the graph. Calcium levels ranging from 5 0 to 
<•0 mg. per 100 c.c. of senim can be read from the graph. Densitv measure 
men s made ivith the Beckman spectrophotometer and measlu-l' 

nt.s made ivith an Eveljm photoelectric colorimeter .showed that Beer’s law 
liolds precisely over this range. 

P.i ^miuraey of the procedure and the standard eim-e prepared witl, 
standL ^ ^ standard calcium oxalate solution The 

"P ^ ^ sulfuric acid and added to the 
entnfuge tubes at calcium concentrations ranging from 0 1 to 0 34 milU.rT 
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Wave Length . — Transmittance minima for dilute permanganate solutions 
have been reported ranging from 526 to 530 millimicrons. Scott and Jolinsoii' 
using a Coleman .spectrophotometer reported that the transmittance minimum 
for dilute permanganate was 529 millimicrons. Using a Beckman quartz spectro- 
photometei’, we liavc found that dilute permanganate solutions containing the 
same amount of acid as in tlie jiroecdurc for calcium have ama.\'imnni density at 
529 to 530 millimicrons. With the Evelyn photoelectric eolorimetoi' we have 
used a filter with transmittance maxima at 540 millimicrons. 

Taiii.e I. Recovkiiy or C.\i/;ius[ Amini) to .SEtiC.v 



VOLUJfE OP 

CAI.CU7.M 

c.xlcwm 


1 rouxp 


SEItOM 

CONTEXT OP 

Ahurj* 

TOTAIi 



SAMPLE 

(C.C.) 

.SAMPLE (y) 

(r) 

1 (y) 

(y) 

(9f) 

1 

2.0 

252 

so 

332 

334 

lOO.G 

o 

2.0 

213 

so 

2.0.3 

301 

102.8 

3 

2.0 

22G 

so 

300 

301 

98.4 

•1 

2.0 

23S 

100 

.338 

352 

104.1 

G 

2.0 

250 

so 

.3.30 

.328 

99.4 

G 

l.G 

ooo 

G4 

280 

208 

93.7 

G 

1.2 

1G4 

4S 

212 

200 

94.4 

7 

2.0 

234 

83 

317 

332 

104.7 

S 

2.0 

242 

83 

323 

343 

1 05.5 

S 

l.G 

221 

CC 

287 

281 

97.9 

9 

2.0 

257 

S3 

340 

.35S 

105.5 

.9 

1.0 

220 

CO 

280 

271 

.04.7 

10 

1.2 

170 

48 

227 

235 

103..5 

11 

2.0 

2G2 

SO 

342 

345 

100.9 

11 

1.2 

170 

48 

224 

235 

104.9 

12 

2.0 

240 

SO 

.320 

331 

103.4 

12 

l.G 

21S 

04 

282 

270 

97.9 

13 

2.0 

201 

80 

281 

283 

100.7 

14 

2.0 

240 

80 

320 

319 

D9.7 

14 

l.G 

195 

04 

259 

252 

97.3 

14 

1.2 

150 

48 

204 

209 

102.4 

15 

2.0 

229 

80 

309 

.309 

100.0 

15 

1.6 

195 

64 

259 

277 

100.9 

15 

1.2 

154 

48 

202 

209 

103.5 

IG 

2.0 

25G 

80 

33C 

340 

101.2 

IG 

l.G 

241 

G4 

305 

301 

98.7 

16 

1.2 

194 

48 

242 

245 

101.2 


Average 





100.9 


Standard deviation 




3.0 


Recover y Experhnents . — Serum was obtained from v'arious species by allow- 
ing the freshly drawn blood to clot, storing it in the rcfi'igerator for a few 
hours. Each sample of serum was analyzed for calcium according to the tech- 
nique described. A known amount of calcium, as calcium sulfate, was then 
added to the serum of each sample and analysis run to measure the recove^ 3 ^ 
These data showing the recovery of calcium added to serum are presented in 
Table I. The mean reeoveiy of added calcium measured on the Beclonan spectro- 
photometer was 100.9 per cent. The relatively small variation in the per cent 
recoveiy is apparent from the standard deviation of ±3.6. There is no evidence 
of any constant error in the method, as the per cent of calcium recovered for 
individual samples of serum was neither consistently above nor belou' the ex- 
pected value. 
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Comparison of Values Obtained With Bcclcman and Evelyn Inst rumen fs.— 
Samples of serum from eighteen differenl animals Mere analyzed for ealcium. 
Measurements Mere made on a Beclanan spectrophotometer and on an 
photoelectric colorimeter. Expressed on the basis of milligrams of calcium per 
100 c.c. of serum, the mean value as determined Mith the Beckman spectio- 
photometer Mas 11.7 and Mith the Evelyn photoelectric colonmeter, 11.8. 

Comparison of Values Obtained Spectrophotomctricedly and by Electro- 
metric Titration.— The values for serum calcium by the spectrophotometnc pro- 
cedure Mere compared vdth the values obtained by electrometric titration of the 
oxalic acid Mith 0.01 N potassium permanganate using a Fisher titrimeter. ' ac 
sample of serum Mas set up in quadruplicate and treated according to t e 
procedure outlined, except that the oxalic acid of tsvo of the tubes was measiue 
by electrometric titration with standard pennanganate solution. T e y ues o 
serum calcium as measured spectrophotometricallj* and bj electrometric titration 
are recorded in Table II. The values obtained by the tMO procedures agree very 
well for each sample, the maximum variation being 0.4 mg. of calcium per 
100 c.c. of serum, mile only the averages for the duplicates are presented m 
Table II, it is significant that the magnitude of the variation betMeen duplicate 
determinations Mas of the same order as the variation betMeen the tMO pro 
cedures. 


Table II. 


COMPARISON' or Serum Calcium Vaiues Determixed Spectrophotometricallt 
AXD BY Electrometpjc TiTP..vnox 


SAMPLE 

SPECTROPHOTOMETRIC 
(MG. PER 100 C.C.) 

ELECTROJIETPJC TITRATION 
(MG. PER 100 C.C.) 


11.0 

10.9 

2 

3 

11.4 

11.2 

12.1 

12.0 


11.1 

11.2 

0 

12.7 

12.7 

14.6 

14.4 


13.0 

13.4 

s 

11.6 

11.4 

9 

11.5 

11.3 

10 

11.2 

11.1 

11 

11.4 

11.8 

12 

10.7 

11.0 

13 

12.0 

12.0 

14 

11.0 

10.9 

15 

12.5 

12.2 

Average 

iiis 

11.8 


SUilM.VKY 

A method is described for the spectrophotometric determination of senim 
calcium. The calcium is precipitated as the oxalate and measured by tlie extent 
of the reduction of a constant amount of potassium permanganate by means of 
a spectrophotometer or photoelectric colorimeter. The values for serum calcium 
by this procedure agreed verj' Mell Mith the values obtained by electrometric 
titration with standard permanganate solution. 
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A RAPID BEDSIDE TEST FOR THE DETECTION OF IIYPOGLYCI'IMIA 


Fihst IjIKHthnant Edward A. Carr, Jr. 

]\Ii:dical Cords, Army or tiik Unitkd States 

TN CERTAIN easc.s the cliattiiosis of hypoglyoemic reaction can be (luickly made 
1 from a .sn^gestive lii.story and consi.slcnt ])hysical finding.s. Unfortunalclj , 
not all ease.s pre.scnl such a simple jn’oblcni; the history is often unobtainable oi 
misleading, and the ^ib.vsieal signs are ineonelusive. A f|nantitativc determina- 
tion of the blood glucose concentration usually retpiircs (in an average, rea.son- 
ably well-cfiuipped hospital) twenty minutes oi‘ more. (An analy.sis can, of 
coui'se, be made more fiuiekly if other analy.ses are already in ])rogress.) 

Because of deleterious effects, especially upon the central nervous sjstcm, 
it is imperative that the ciuestion of hypoglycemia in a patient with sugge.stivc 
findings he settled rapidly. This fact has given rise to the practice of admin- 
istering glucose intravenously as a therapeutic test. In an appreciable number 
of cases, this is a rational and useful method of making the diagnosis and 
initiating therapy. 

But the need for an alternative procedure is apparent from the following 
considerations. The number of patients admitted in unexjJained coma or with 
other findings suggestive of hypoglycemia (dcsendng, therefoi'e, immediate in- 
vestigation) is largo in i)roportion to the number who are found actually to 
have hypoglycemia. A therapeutic test rccpiires a heavy dose of intravenous 
glucose, since at times a sui-prisingly large amount must he given rapidly to 
produce an effect in a patient with hypoglycemia. A patient admitted to the 
Rhode Island Hospital required 70 c.c. of 50 per cent glucose solution intin- 
venously before showing any rospon.sc. The only practical way of gi\'ing the 
needed amount is to use a very concentrated solution. One cannot draw con- 
clusions from failure to obtain a rcs])onse to a small amount of the concentrated 
solution. Since large amounts of concentrated, hypeiionic glucose solutions are 
definitely dehydrating, hypoglycemia should he investigated by some other 
method in the case of poorly hydrated patients with suggestive findings, not an 
uncommon situation both in patients with hypoglycemia (for example, Addison- 
ian) and normoglyccmia. 

The method described here utilizes commercial powder (containing oxidized 
bismuth and alkali) employed to detect ghico.se in urine. Such ])owdcr turns 
irray or black when exposed to a solution containing a sufficient amount of j-e- 
dueing agent. Whole blood is used; the proteins are precipitated by copper. 
Since much of the time consumed in blood glucose detenninations is taken up 
by the gravity filtration of the viscous mixture, a .simide method of i)re.s.sure 
filtration is substituted here. 


From the Tlhode Island Hospital, Providonco, R, I. 
Hroolvod for pubUcatlon. Aup. 7, 1916. 
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A short, lest, lube (tiit)es ii])j)roximately 7 ])y 1,6 cm. ai-o satisfactory), con- 
taining 200 nig. of dry CnS 04 - 5 n 20 , is niarlvcd to contain 5 c.c. of whole Wood. 
Blood taken iiy vonipnncUiro is inti*odiiccd directly into the tube to the 5 c.c. 
mark, and sufficient 3 N NaOII is added from a droji])cr or pipette to make the 
mixture ;iust alkaline to litmus; O.-l c.c. (or 6 dvoiis from the average dropper) 
is required. It has been found that the reaction can he carried out most rapidly 
by using a dropper whicli has already been calibrated in iirci'iouH tests, with 
the aid of litmus. Once the required number of drops from a given dropper is 
known, it can he used without the necessity of checking witli litmus, and alka- 
linization can be performed more rapidly and conveniently than with a gi’adu- 
ated pipette. 

The mixture is stirred with a small wooden reamer or iJiin glass rod, the 
tube corked, and mixing completed by shaking. Ihirt of the mixture is then 
poured into the barrel of a 10 c.c. syringe, at the bottom of wliicli two or three 
disks of filter paper have been placed. Tlic di.sks must fit the intciaial diameter 
of the syringe closely. (Disks used in penicillin assay liavc been found satis- 
factory.) The plunger is then inserted and.jnisbed down the barrel, compress- 
ing the mixture, so that a clear filtrate rapidly o.scapcs tlirongb llio nozzle. The 
first 2 or 3 drops of filtrate are discarded, and the next di'op is allowed to fall 
on a large excess of Galatest powder. If within a period of forty-five seconds, 
a definite gray or Irlack color appears, the reaction is considered normal. Failure 
of a definite gray or black to appear constitutes an abnormal (liypoglycemic) 
result. Since any filtrate may discolor the powder browm or yellow, an un- 
equivocal (but not necessarily intense) Wack or gray must develop, if the reac- 
tion is to be considered normal. However, if the lest i.s performed against a 
W'hite baekgi'ound, this distinction is usually very easy to make, even if only a 
faint gray color develops. 

In developing this test, whole oxalated blood was incubated for twenty-four 
Jzours at 37° Centigrade. Various amounts of glucose were then added to por- 
tions of the antoglycolysed blood. Tlic artificially set blood glucose concentra- 
tions were checked by the method of Benedict.®! At the Bhode Island Hospital 
this method has given a normal range of 50 to 100 mg. per 100 cubic centimeters. 
For all practical piu-poses, a value less than 50 mg. per cent, or, at any rate, 
less than 45 mg. per cent, may be considered abnormal. In a series of bloods, 
wnth values set, as previously described, from S to 67 mg. per cent, the rapid 
method outlined herein gave abnormal reactions with all bloods containing 44 
mg. per cent or less and noi-mal reactions with all bloods containing 53 mg. per 
cent or more. Repetition of the tests substantiated this. 

The speed with wdiicli the blood glucose decreases is a factor in determining 
how lo^v the concentration may fall befox'e symptoms supervene; therefore, an 
occasional patient whose low value is not actually the cause of his symptoms 
may he diagnosed as abnormal by this test. In such a ease, however, the danger 

•Benedict, S. R. : The Analysis of Whole Blood. II. The Determination of Sugar and of 
Saccharoids (NonfermentaWe Carbohydrate Reducing Substances), J. Biol. Chem. .92: 19-41. 

i-Mothods which determine blood "glucose" .actually determine glucose plus a certain per- 
rentace Of nonglucosc reducing substances. The latter represent only a few milligrams per 
cent in the Benedict method. 
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point would be close, so the diai^iosis and resultant therapy could not be con- 
sidered seriously in error. A value extremely close to 50 mg. per cent is diffi- 
cult to read; a ])alienl whose blood yields such a value may receive needless 
glucose, but such cases should be rare. The lest as described here will detect 
all eases with blood glucose sufliciently low to cause serious effects, while ruling 
out the vast majority of patients with normal or elevated values. 

The apparatus needed, prepared in advance, can conveniently be kept in a 
small container on the ward and the test can-ied out at the bedside. Under these 
circumstances, performance requires three to three and one-half minutes from 
the time blood is drawn from a vein. 

The Galatest brand of urine-testing powder was used because it was readily 
available at the time of these experiments. Nothing written in this article 
should be construed as a specific recommendation for this particular brand. It 
cannot be stated now whether any other powder of similar composition would 
be superior or inferior. 

In conclusion, it should be stressed that this test is useful solely to discover 
quickly whether hypoglycemia is present in a patient with suggestive findings 
for whom the needless intravenous administration of a large amount of glucose 
would be harmful. It is intended to supplement, but certainly not to replace, 
quantitative blood glucose determinations, which are indispensable in the proper 
study of hj’poglyeemia and its course. 

SUMMARY 

1. A method whereby the diagnosis of hypoglycemia can be made or ruled 
out in three to three and one-half minutes is described. 

2. Mention is made of occasions where this method is preferable to the use 
of a therapeutic test with intravenous glucose solution. 



AN ABBEEYIATED SBEOTROBJJOTO.METKIO TEOHxNJQEE KOI? 
DETERAITNTNfi 'J'llE OPTUrAlj (JONOENTKA7'rON 
OF A]\rB0CEPT07? 


JoHX ]'\ Ju;nt 
Wa.siiinotox, 1). C. 

With thk Tkchxicai. AsstSTAXCK ok Bkhkcoa TSoodmax 

AND JB'A.KX CoXWAV 

T he opUmiv! concent vatiou ot amhocejilov has heen defined as (hat heyoiul 
wMcli furduu- inevease fails lo enhance a])j)vcciai)ly (lie iieniolylic activity of 
complement.’-'* The demonstration of this optimnm de])ends largely upon tlic 
accuracy -with which cliangcs in the activity of conijdcmcnt are measured and 
accordingly follows the ap])licalion of a quant itative method in the titration of 
complement for fixation studio.s.'-’ The metliod in question emi)loys flic end jxhnt 
of fiO i)er cent hemoly.sis. 

Use of the 50 per cent end ])oint demands accuracy in determining the 
percentage of hemolysis in titrations. The required degree of precision has 
been obtained through tlie use of jxrcjxared color standards.”* More recently, 
adaptations of the spectroj)hotometor have conli-ibnted lo the accuracy and 
facility of the determination,-'’' •' atid the cmploymonl of this instrument in con- 
junction with a siiiqde gj-aphic method has permitted tlic quantitative determina- 
tion of the 50 per cent unit of complement without constnicting the curve of 
hemolysis.-* Continued studies at this laboratory have included the api)licatiou 
of similar methods to the standardization of aml)oce])loi-. As a result, there has 
been developed a simplified tochnique for deterjnining the optimal concciilration 
of the amboceptor. The procedure employs tlie spectrophotometer in mca.suring 
percentage of ]iemolysi.s, and a standard curve is applied in determining the 
50 per cent unit of eomidement xvlicn varying concentrations of amboceptor 
are used. Since the method lias yielded accurate and reproducible results in 
our hands, a. description maj' he of some interest to those engaged in comple- 
ment fixation studies. 


AIATEKIALS ..VND METHODS 

Spectrophotometer . — The Coleman Junior Clinical Spectrophotometer 
iModel 6*' is used. All measurements are made in term.s of optical density at 
580 millimicrons. Tlie use of a 12 mm. adapter permits tlie enqxlo.vment of 
.selected 12 by 75 mm. serologic tubes as cuvettes. Tubes of uniform internal 
diameter arc selected on the basis of snug fit witli a metal rod cut to 10 mm. 
diameter. 

From the Division of Serology, Army Medical School, Army Medical Center. 

Keceived for publication, Aug. 20, 1946. 

• Manufactured hj- the Coleman Electric Company, Maywood, 111. 
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A total volume of 2.0 c.c. in these tubes is required to bring the level of the 
contents well above the slit through which light passes before striking the photo- 
electric cell. This volume represents twice that used in diagnostic tests at this 
laboratory and occasions the use of double volumes (2V) of complement, salt 
solution, amboceptor, and sheep’s cells in spectrophotometric determinations. 
The result of a titration carried out under the latter conditions is transferable 
without correction to the conditions of the diagnostic tests employing unit 
volumes (V) of the reagents since, as in the amboceptor titration to be described, 
it is expressed directly in terms of the required concentration, or dilution, of 
the i-eagent titrated. 

Dilmnt . — Salt solution, 0.85 per cent, buffered to pH 7.3 \vith 0.005 jM 
phosphate is employed as diluent for all reagents. In practice, a stock solution 
containing 170.0 Gm. of NaCl, 2.7 6m. of KHoPO^, and 11.3 Gm. of Na 2 HP 04 
to the liter is diluted 1 :20 in distilled water before use. 

Sheep’s Red Blood Cells . — A 2 per cent su.spension is prepared from blood 
preserved by aseptic collection into an equal volume of modified Alsever's solu- 
tion." The required volume of blood is washed three times wth salt solution 
in 15 c.c. centrifuge tubes. An International centrifuge with head Xo. 240 is 
used. After a final centrifugation for ten minutes at 2,000 r.p.m., the volume 
of packed cells is read, and the 2 per cent suspension is prepared by diluting to 
bO volumes with salt solution. It is then standardized spectrophotometrieally. 
The suspension is mixed thoroughly by rotation, after which a 0.4 c.c. sample is 
measured accurately into a 12 by 75 mm. tube and lysed by the addition of 1.6 
c.c. of distilled water. The tube is spun for five minutes at 2,000 r.p.m., and 
the optical density is determined at 580 m/i against a tube of water as a blank. 
Suspensions yielding an optical density of 0500 + O.Ol are accepted. Corrections 
to this reading are made by adding or removing salt solution, the required final 
volume of the suspension being determined according to the relation 

YiOD, 

0.500 

where Vi is the volume of the suspension yielding the observed optical densitj- 
ODj, and V, is the final volume required to yield an optical density of 0.500. 
Salt solution is removed, when necessary, by spinning a suitable amount of 
the suspension, removing the required volume of supernatant salt solution, and 
resuspending the remaining supernate and cells in the parent 2 per cent 
suspension. 

In the Coleman Junior Spectrophotometer, using the standardized 12 bv 75 
mm. tubes, a mean optical density of 0.500 at 580 m/i has been found to cor- 
respond with a cell concentration of 500,000 per cubic millimeter. If other 
instruments or cuvettes are employed, the mean optical density equivalent to 
this cell count should be redetermined. 

Aviboccplor . — Amboceptor produced by the immunization of rabbits is 
presen-ed by lyophilization or by the addition of an equal volume of neutral 
glycerol, chemically pure. A stock solution representing a 1:100 dilution of 
original serum is prepared by adding 99.0 c.c. of salt solution to 1.0 c.c. of 
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relij'drated serum, or 98,0 c.c. of salt solution to 2.0 c,c. of glyeerolized .serum. 
It may be stored safely at 3 to 6° C. for one week. 

Complcmeni. — Commercial, lyojdiilized guinea pig serum is used. Tlio 
dried equivalent of 7.0 c.c. is i-ehydrated by the addition of 5.0 c.c. of the ac- 
compan>dng diluent wliich contains 2 per cent Iroi-ic acid and G per cent sodium 
acetate. A stock' 1 :20 dilution sufTicient for the day’s tests is prepared by adding 
19 volumes of salt solution to 1 volume of the i-ehydrated guinea pig .scrum. 

Fresh, pooled guinea pig serum may Ire used with equally satisfactory 
results. 

i)KTEinnN.\TioN or tjie oi’'J'isiai> concentkation oi' amhockptor 

Preparation of the Amboceptor Pilntions. — A 1:500 dilution of amboceptor 
is prepared by adding S.O c.c. of salt solution to 2.0 c.c. of the stock 1:100 
dilution. According to our practice, an amboceptor showing an optimum at a 
dilution lc.ss than 1:500 is not considered of satisfactory tiler. Varying quanti- 
ties of 1:500 amboceptor- and salt solution are combined as indicated in Table I 
to irrovide dilutions representing a suitable progression from 1:500 to 1:4,000. 
These dilutions arc used to sensitize equal volumes of the cell suspension which 
have been measured accurately into scijaratc tubes. It has been our custom to 
measure the 5.0 c.c. quantity of 1 :500 amboceptor and corrc.sponding volume of 
cells into sepai-atc 15 by 150 mm. tubes and the 3.6 c.c. quantities of the higher 
amboceptor dilutions and cori-e.sponding volumes of cells into separate 13 by 
100 mm. tubes. The amboeeirtor dilutions ai-c then poured irrto the respective 
tubes of cells; the two are mi.xcd thoroughly by ten succes.sive pourings, and at 
least ten minutes at room tempcratui-e are allowed for sensitization.® 


TABr.K I. Preparation or A.mhoceptor Ph.utions 



1 AMBOCEPTOR DILUTIONS 


1:500 1 

[ l:00’(i 1 

1 1:1000 I 

1 1:1333 j 

1 1:2000 1 

1:2GGG 1 

1 1:4000 

Amboceptor 1:500 (c.c.) 

5.0 

1.2 

O.S 

0.0 

0.4 

0.3 

0.2 

Salt solution (c.c.) 

0 

0.4 

O.S 

1.0 

1.2 

1.3 

1.4 


Preparation of 1 Unit Complement .—Complement is titrated to the end 
point of 50 per cent hemolysis."' A L.-lOO dilution is pi-epared by adding 4.0 c.c. 
of salt solution to 1,0 c.c. of tlie stock 1 :20 dilution of complement. It is titrated 
as indicated in Table II,’ using the cells that have been sensitized with 1:500 
amboceptor. Carefully measured quantities of the reagents are added in the 
oi’der given, and the contents of eacli tube are tlioronghly- mixed. After incuba- 
tion for thirty minutes in the water bath at 37° C., all tubes of the titration are 
spun for ten minutes at 2,000 i-.p.m., and the optical densities of their supernates 
are determined spectrophotometricallj’’ at 580 millimicrons. The galvanometer- 
of the instrument is set at “0” optical density' (100 ppr cent transmission) witli 
Tube 10 in the adapter, and the optical densities of Tubes 1 to 9 are determined 
successively. Tubes 7 to 9 contain an excess of complement calculated to yield 
100 per cent hemolysis. The mean of their three optical densities is taken as 
the standard of reference. The percentage of hemolysis in each of the first six 



TKCHN1Q15K FOR OVn’KUMlNINO 01‘TIMAI> COXCK-NTitATlON- OF AMUOCKFTOK 1273 


tubrs is 100 times the quotient obtained by dividing its optical density by the 
mean value for 100 per cent hemolysis. The oi>tieal densities and corresponding 
percentages of hemolysis in Table II represent a typical result. 


T.\ni.E II. COMPLEMKXT TITU.VTION' 



, TUBE 


! 1 1 

2 1 

3 1 

•t 1 

5 1 

6 ! 

7 ! s 1 

» 1 

10 

Stock 1:20 comple- 
ment (e.c.) 

1:100 complement 
(c-c.) 

S.ilt solution (e.c.) 

Cells sensitized ■sntli 
1:500 amboceptor 
(c.c.) 

0.30 

0.90 

O.SO 

0.35 

0.S5 

O.SO 

0.40 

O.SO 

O.SO 

0.45 

0,75 

0,80 

0.50 

0.70 

O.SO 

0.55 

0.65 

O.SO 

0.40 0.40 

O.SO 0.80 
0.80 O.SO 

0,40 

O.SO 

0.80 

1.20 

0.80 

Optical densitv 

(a) 

Afean optical density 
for 100 per cent 
hemolysis (i) 

Q.19G 

0.282 

0.370 

0,439 

0.45G 

0.490 

1 

0.502 0.500 

0.495 

J 







0,499 



fer cent hemolysis 
, 100a 

(c _ ^ )• 

39.0 

36.0 

74.0 

8S.0 

91.5 

98.6 





•Calculated to the nearest 0.5 per cent. 


The volume of 1:100 complement required for 50 per cent hemolysis is 
then determined by a precise graphic method which avoids construction of the 
hemolj-tie curve.'* Other methods employing the construction of this curve may 
be used ivith excellent results. - Given x, the volume of 1 .TOO complement 
required for 50 per cent hemolysis, y, the dilution of stock 1 :20 complement con- 
taining 1 unit in 0.4 e.c, is determined according to the relations 


(1) y' 0.4 

100 ~ X 


and 



where y' is the dilution of undiluted complement containing one unit per 0.4 
cubic centimeter. Substituting in Equation 2 tlie value of y derived from 
Equation 1, and simplifj'ing, gives 

(3) 

* X 


If, as in the titration of Table II, 0.332 c.c.** of 1 :100 complement is the unit, 


and 1 unit complement for use in the amboceptor titration would be prepared 
by adding 5.02 c.e. of salt solution to 1.0 e.c. of stock 1 :20 complement. 

TecJiniquc of the Amboceptor Titration .— amboceptor titration is 
out as illustrated in Table III. The reagents are added accurately in the 


method* in this instance cives O.ICS c c. of i *100 *. 
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order given, and tlie contents of each tube arc tliorouglily mixed. Thirty minutes 
in the water bath at 37° 0. arc allowed for licmoly.si.s, after which the tubes arc 
spun at 2,000 r.p.in. for ten minutes. The optical densities of their supemates 
are determined spectrophotomctrieally. Tube 10 of the completed complement 
titration (Table ip is re-used to set the instrument at “0” optical density, 
and the predetermined mean optical density of Tubes 7 to 9 (Table 11) serves 
again as the standard of reference for 100 per cent hemolysis. The percentages 
of hemolysis in Tubes 1 to 7 are calculated ns for the complement titration. 
The results of a sample determination are given in Table III. 


Tahi.k hi. Amiiockctou Titjutiox 






Tuitr. 





1 1 

«) 

1 3 1 

■i 1 

5 

1 0 1 

i 7 




mi.uTio.v 

or A.MnOCKI'TOK 




1:500 i 

1 :tiG(i 

1 1:1000 j 

l:i;W3 1 

1 1:2000 

I 1;2GC0 1 

( 1:4000 

1 unit complement (c.c.) 

Salt solution (c.c.) 

Sensitized cells (c.c.) 

0.40 

0.80 

0.80 

0.40 

0.80 

0.80 

0.40 

0.80 

0.80 

0.40 

0.80 

0.80 

0.40 

0.80 

0.80 

0.40 

0.80 

0.80 

0.40 

0.80 

0.80 

Optical density (a) 

0.274 

0.259 

0.251 

0.211 

0.140 

0.075 


Per cent hemoly.si.s 

(c — • )» 

b ^ 

ilA 

52 

50 

42 

29 

15 

5 

Units of eompleinent re- 
quired for oO per cent 
heinolj-si.s 
(from Fig. 1, J) 

0.97 

0.99 

1.00 

1.05 

1.15 

i..'in 

1.50 


•Calciiinted to tlio ncare.st 0..'! per cent. 


It the 1 unit eompleinent used in this titration Jins been correctly prepared, 
0.4 c.c. should yield 50 per cent hemol.v.sis of the cells sensitized with 1:500 
am oeeptoi. Dciiations from this pci-centage, while they do not invalidate the 
results of the amboceptor titration, .should not exceed the range of 45 to 55 per 
cent hemolysis. 

Beterimnahon of the Optima] Concentration of Amboceptor.— number 
of complement units that would be required for 50 per cent hemolysis with the 
1 erent dilutions of amboceptor is then determined from the percentages of 
hemolysis obtained with one 50 per cent unit in the titration. Tliis determination 
is made by reference to the curve of Fig. 1, A, the construction of which is 
described in the next paragraph. Proceeding with Tube 1 of the titration and 
lef erring to Fig. 1, A, it is observed that if 55 per cent hemolysis is obtained with 
1 unit of complement, 0.97 unit would be required for 50 per cent hemolysis. 
Values obtained in this way for Tubes 1 to 7 are included in Table III. They 
aie plotted on cross-section paper, against the corresponding concentrations of 
amboceptor, and a smooth curve is fitted to the coordinate points. The method, 
as applied to the results of Table III, is illustrated in Pig. 1, B. It will be noted 
that coordinate points representing concentrations of amboceptor from 0.0004 to 
0.0008 c.c. per 0.4 c.c. of the diluted reagent fall, for all practical purposes, on a 
straight line, while points representing lower concentrations deviate from 
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linearity. It lias been oiir practice to select as optimal the lowest concentration 
of amboceptor falling on the apparently linear portion of the curve. In the 
present instance, such an optimum would be represented by a concentration of 
0.0004 c.c. per 0.4 c.c. which corresponds with the 1 :1,000 dilution. The dilution 
so selected should not cause agglutination of 2 per cent sheep’s cells under the 
conditions in which these reagents are used in complement fixation tests. The 
optimal dilution need be redetermined only under conditions suggesting a 
deterioration of the amboceptor. 
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Co7istruction of the Curve of Fig. 1, A. — The construction of this curve is 
based upon the observation that the ciuwe of hemolysis is constant under given 
experimental conditions and may be expressed by the von Krogh alternation 
fomula.' The application of this formula to the standard conditions of the 
complement titration at this laboratorj- has been described, and volume factors 
lave been derived which define the 50 per cent unit of complement in terms of 
the quantities of the reagent jdelding other degrees of partial hemolysis.'* These 
tact ors are given in Table IT ; plotted on arithmetic coordinates against the cor- 
icsponding percentages of hemolysis, they vield the curve of Fig. 1, A. 
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'J'Ani.K IV. Voi.u.MK I'AOTons KOI: Con.sti:i!otio\ ok (Jiir.vK ok I'lo. 1, A 


PER CENT 

UXITS OK 

PER CENT 

UNITS OF 

IIEMOIA'SIS 

COIIBEEMENT 

IIE.MOIA'SIS 

COiirLEilEXT 

OBSERVED WITH 

REQUIRED FOR 50 

OBSERVED WITH 

REQUIRED FOR 50 

OXE UNIT or 

I’ER CEXT 

OXE UNIT OF 

PER CENT 

COMl’EE.MEXT 

IIEMOEYStS 

C05IPEEMENT 

HEMOLYSIS 

5 

1.50 

ilo 

0.97 

10 

1.40 

00 

0.94 

15 

1.30 

05 

0.91 

20 

. 1.24 

70 

0.88 

25 

l.is 

7i3 

0.S5 

30 

1.14 

so 

0.81 

35 

1.10 

85 

0.77 

40 

1.00 

90 

0.72 

45 

1.03 

95 

0.01 


During tlic course of these studies, it was observed that as the concentra- 
tion of amboceptor is reduced below tlie optimum there occurs a slow increase in 
slope of the hemolytic curve as expressed by the constant 1/n in von Krogh's 
foi’mulation. While derivation of the volume factors corresponding to these 
alterations in the value of 1/n would make possible slightly more accurate es- 
timations of the 50 per cent unit of complement in the range of amboceptor 
deficiency, the observed error in the immediate range of the optimum is so slight 
as not to interfere with the selection of an optimal concentration of amboceptor 
by the present method. IMoreover, the practical use of factors appropriate to 
varying degrees of amboceptor deficiency would presume Icnowledge of the op- 
timum, which is itself the object of the determination, and they could accord- 
ingly not be applied ah initio in the .standardization of an unknown antiserum. 


SUSIJI.VKY AND CONCLU.SIONS 

A simplified technique has been developed for use in determining the 
optimal concentration of amboceptor for use in complement fixation tests. The 
method obviates both the preparation of color standards for measuring per- 
centage of hemolysis and the construction of the hemolytic curve in determining 
the 50 per cent unit of complement. The percentage of hemolysis observed with 
one 50 per cent unit of complement in the presence of diJferent concentrations 
of amboceptor is determined spectr-ophotometrically. The number of comple- 
ment units I’cquired for 50 per cent hemolysis in each instance is estimated 
.simply by reference to a standard emwe which is represented graphically. The 
abbreviated method has been found to yield accurate and reproducible results. 
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BOOK REVIEWS 


Experimental Hypertension. A'ol. .7. Kflitctl Ity Jioif V’ahlo Minn. JfesuKs of a eonferenw 
on this fiuljjcrl held liy Die Section at Hiolojfy of the Krw York Academy of Science^ 
Feb. 9 niid 10, 1945, New York City. Special jaiblicalioii of the New York Academy of 
Science.*!, Xcw York, 1940, Price, $9.7.5. Cloth, with ISO paffo.s. 

This publication consi.st.s of nine iimjor pajicra j)re.scnted at a conference on ex- 
perimontal hypertonaion by nineteen jinrticipants and covcriiif; a.a many viewpoints on 
the problem. In the Preface, Irvine 11. Vnf'c atatcH: “ Tnve.sli/'ation in the medical 
•sciencc.s often ])aa.se.s thronf;h several strata of development; the lir.st, awareness that a 
problem exists, but widespread inditTcrcnce to if; the second, attempted formulation of the 
problem alonp with much speculation; the third, widcs]iread intellectual and emotional db- 
ugreement among those concerned with juitting the jiroId(‘m to experimental test; fourth 
and last, agreement about the fundamental nature of the mechanism, ai)pIication of the 
new knowledge to the care of patients, and commercialization. The testimony of the con- 
ference will leave little doubt that the third phn.se is beginning. It is a healthy state and 
one ricli with promi.se. ” 

The "intellectual and emotional disagreement'’ is summarized at the end of the hook 
by' 'William Goldring. There was a division of opinion on almost all points disctis.scd at 
the conference. Such divcr.sily of views doe.s not make for ea.sy rending, when presented 
in book form, in .spile of denoting a "healthy state.” 

Although the conference was concerned with experimental hypertension, mo.st of the 
papers considered various aspects of hypertension induced by interference with renal blood 
supply, with little discussion of hyi»orten.sion induced by intorfoienec with various nervous 
pathway.s or by other means. Furfhormoic, it was naturally imim.ssible to confine the dis- 
cu.s.sion to e.\porimenlal hypertension, per sc, to the exclusion of arterial hyperfea.sion in 
man. However, mo.st of the participants were careful to avoid applying the results of 
c.xporimental work to human being.s-. Thus the book ojiens with a brilliant introductory 
lecture by Goldblatt in part of which the similarity of e.vpcrimenlal renal hyjiortension and 
arterial hypertension in man is ujdield. The book closes with a statement by Goldring, 
Chiisis, and Smith, in which the opposite viewpoint is taken, that is, that the diminished 
renal blood flow which aceompanies enneutial hypertension in man is merely a .secondary 
olTect "resulting from the action of a humoral pressor agent of unknown origin.” Between 
these two positions the rest of the confetence carefully avoided any commitment. 

The various papers are well presented in a form suitable for publication in a journal. 
However, the wide divergence of^ views on a subject which invades so many fields gives 
the render a sense of discontinuity. This is further amplified by the publiention of full 
discussions of each paper. 

As a reference book for workers in this specialized field, this publication piescnts 
the later ideas and summarizes the earlier work done by most of the groups who have con- 
tributed to our knowledge of experimental hypertension. However, it is doubtful whether 
this collection of papers would interest the casual reader, being just what it is meant to 
|,e — publication of a symposium on a highly .specialized subject which is just beginning to 
open up and is therefore still confused. 
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THE CELLULAR I^IECIIANISI^I OF RBCOVERA" AFTER TREATMENT 

WITH PENICILLIN 

I. Subacute Bacteriau Exdocarditis 

Robert A. SIoore, 

St. Louis, Mo. 

T he efficacy of a therapeutic agent may be evaluated in a number of different 
ways. Tile usual metliod is to obseiwe the effect on the clinical course of 
the disease and to determine the per cent of patients who develop sequelae and 
the mortality rate with and witliout the agent. In this paper a little used but 
e.Kceedingly valuable method of evaluation will lie presented — the study of 
tissues from patients who have been treated witli some tlierapeutie agent and 
subsequently die of the primaiy disease or of a complication. 

This approach has the advantage of demonstrating the cellular mechanism 
by which a therapeutic agent facilitates healing. In this manner more may be 
learned of the nature of the disease, how progress of it is halted, and how repair 
is accomplished. Then the physician is in a position to employ the therapeutic 
agent more effectively or to reinforce the specific treatment with other agents. 


BASIS OF STUDY 


ily interest in the process of healing after treatment with penicillin which 
led to the following investigation was liist aroused in Jannaryq 1943. At that 
time the Department of Pathology at the Wasldngton University School of 
Medicine performed an autopsy on a young woman, 33 years of age, who pre- 
sumably had an induced aboi-tion. On admission to the Barnes Hospital on 
Dee. 26,-1942, the patient stated that she had had prolonged vaginal bleeding 
which started a few days before her expected menstnial flow on December 19. 
Twenty-four hours before admission she experienced a severe shaking chill 
and thereafter had a fever. To summarize briefly, the physical signs and the 
course in the hospital were those of a staphylococcal septicemia with endocarditis. 
Cultures of the blood, sputum, urine, and uterine canal were positive for a 
hemolj-tic Staphylococcus aureus. The patient was given penicillin for five days 
for a total dose of 320,000 units. The blood culture became negative on the 
second day of treatment and remained so mitil death on Jan. 2, 1943, seven 
days after entrj* and five days after penicillin was first given. 

The immediate cause of death was cei-ebi-al hemorrhage, probably from 
rupture of a mycotic aneurysm or erosion of an arteiy by an abscess althouo-h 
neither of these could be demonstrated. ° 


^oni the Department of Pathology. Washington University School of Jfedicine. 

been carried out under a contract recommf*ndAH k-l- 
??gton u“ivcr^U}r''“**- Scientiflo Research and Dc-vefopmem’j and Wash- 

Rccelvcd for pubJicatlon. Sept 1, 1946. 
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Tlie hislologfic .slniclnn* oi' flic cervix, eiidoniclrium, fi small l)il of rctir.ncd 
placenta, ovary witli a corinis Inteiiin, breast, and ]>itnitar.v indicated that the 
■woman had been in'c^rnanl. for iipproxinwiely thivo months ajid that an iiiler- 
rujition of the i)re<:nancy occurred about ten to twelve days before death and 
was followed by an infection. The lesions of 'rreatest interest were in the heart 
and the Sidneys. 

Three vegetations on the thickened initi-al valve were not unusual in gross 
appearance, hlicroseopically they were not ty])ical of acute bacterial endo- 
eardilis. The most conspicuous diOei'enee from the eliaractcristic appearance 
was the absence of a layei- of bacteria and fibrin on the .surface. A culture 
showed a few staidiylococci. and in sections stained for hacteida a few gram- 
positive cocci were observed. 

Tlie kidneys were enlarged, and over the sui'face were numerous small (1 to 
2 nun. in diamete?-), depi’e.ssed, red foci. The foci were collections of lympho- 
cytes, ])lasma cells, and a few leucocytes with minimal necrosis. 

Although there ai-e othei- po.ssible explanations of these observations on the 
heart and kidneys, it .seemed at that time that both might be considered as heal- 
ing or abortive variants of stapliylococcal jiyemia. 

pijAX of study 

Because of the interest this ea.se arou.sed, thereafter the autopsies on patients 
treated with penicillin at the Barnes Hospital were studied a little more than 
was required by I'outinc demands. It became appai'ent that a .satisfactory. study 
could not be made on the limited material of one hospital. Accordingly, a" 
application rvas made to the Committee on Hledical Reseai’ch of the Office of 
Scientific Rcseai’ch and Development. The suggested iuvestigation contemplated 
collection of histoi'ics, autopsy jrrotocols, and tissue from all hospitals in which 
penicillin was used in 1943 and 1.944, this investigation to be conducted under 
the auspices of the Committee. The pi‘opo.saI,wa.s authorized, and in the fall of 
1944 the materials for study were secured, in visits to twelve hospitals and 
schools, the staff of which wei-e mo.st cooperative. 

Over 100 cases were available for study in four catcgoi-ies, namely, sub- 
acute bacterial endocarditis, pyemia, pneumonia, and meningitis; of these, the 
first, subacute bacterial endoeai’diti.s, illustrates most of the general principles 
and will be discussed in this paper-. No r-eview of the literature is irrcluded hut 
onlj' personal observations, many of which hirve been made jrreviously by other’s. 

As. a control, eight cases from the files of tlic Department of Pathologj’ were 
studied. These patients died between 1933 and 1935 and received no specific 
therapy. ■ • 

THE NATURE OF THF: VEOETATION IN ENDOCARDITIS 

As the study proceeded it became increasingly clear that the ohseryatioiis 
could not be c.xplained if the li.sually accepted idea of the 'nature of a vegetative 
endocarditis were accepted. In most textbooks tlie terms vegetation and throm- 
bus are used interchangeabljq and it is stated or implied that the vegetation 
is a thrombus. " ' '■ . 
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In a perfectly formed veiictatioo of biielerir.l endocarditis, acute or sub- 
acute, there are three definite layei’s: a lari^c central mass of necrotic, relatively 
acellular, fibrillated debris; a more i)eriplieral layer of bacterial colonies; and a 
most peripheral layer of delicate fibrillary acellular' material. There are slight 
(liffererices in lajci's 1 and 3. but .superficially they ^ppear to be similar. If a 
regetation is stairred for clastic fibr'ils or for collagen, fragments of these are 
seen in la\er 1 but not in layer 3. Fui'ther, stains for fibrin show a network in 
hoth. but in layer 1 tlrh threads of fibi-in constitute a small part of the total mass. 

Since elastic and collanen fibrils are obsei'vcd regularly in the central core 
of the vegetation, which eoirstitutes three-quarters to seven-eighths of the total, 
it logically follows that this part is necrotic tissue and not thi’ombus. Careful 
study of the pattern of the fibrillary structure fuilher confirms this. The 
whorls are identical with those preserrt irr the valve of chronic endocarditis. 

Discussion of the implications of this conclusion on the pathogenesis and 
postulated growth of ’.esetatious will be postponed until presentation of the 
observations on healiirg of subacute bacterial endocarditis. 


EFFECT OF TREVTMEXT WITH PEXICmU.C OX SUBVCUTE BACTERUL EXDOC ARDITIS 

From the twenty-two cases studied, five have been selected which illustrate 
the essential features 


Case 1. — Barnes Hospital Autopsj Xo. 11,617. A 56 year old white woman was ad 
•nitted to the hospital on March 14, complaining of the following symptoms: e\ertional 
djspnea and pain m the cardiac region since childhood; weakness, lo-s of weight, and chills 
and fever for 6i\ months; and abdominal pam and swelling of the legs for two months. 

There were peteclnae in the conjunctivae and on the fingers and toes The lieart was 
'hglitlj enlarged The liver and spleen were palpable and tender. Blood cultures showed 
■iciinomyces boiis and alpha hemohtic streptococci. Beginning on March 15, the patient 
was giien 40,000 units of penicilbn intramuscularh every two hours for four days without 
benefit. Sulfadiazine was then given, and le\el« of 10 to 15 mg. per cent were obtained. 
On March 23 penicillin was begun again at 40,000 units everv two hours and increased to 
SO, 000 units every two hours on March 26. Manv embolic phenomena developed and cardiac 
failure increased. The patient died Alarch 30. Penicillin was last given one hour before 
death, and the total dose was 6,720,000 units. 

The anatomic diagnosis included: chronic endocarditis of the mitral and tncuspid 
inlves; subacute bacterial endocarditis of the tricuspid and nutral valves and posterior wall 
of the left atrium; infarcts of the heart, spleen, liver, and kidnev«; and focal embolic 
glomerulonephritis. 


-V section of the mitral valve (Fig 1) shows two vegetations, one se-sile mass (A) 
near tlie line of closure and a larger pedunculated vegetation (B) nearer the base. In 
Fig. 2 (designated as area ^ in Fig. 1) is shown the entire thicknes- of tlie pedunculated 
'cget.ation There are thin Iaver= of tissue on each side enclosing a necrotic centrum. The 

granulation tissue extends outward on the surface to a point ju«t short of the laroe bac 

terial masses (Fig. 3, designated as area 5 in Fig. 1). .A. iiiglier power view of tlie” super 

fioial tissue and deeper ncirosis of area ^ is given in Fig 4. The junction of the tissue with 

tuc necrotic bulbous end of tlie \egctation is m Figf. 5. 

Tlie appearance of Figs 1 to 5 nriv be explained 8= a proliferation of tissue throudi 
the superficial haver of fibrin and bacteria. As the capillaiy vessels, fibroblasts, and leu 
toe.vtos advance, the bacterial colonies arc destroved. In tins vegetation the process l,ns 
c\ ended about two thirds of tlie wav from the ba-e to the apex of tlie vegetation 












r^— J'wiTi* . 






■.«wi 








Pip. 3. 

Pip. 1. — (Case 1.) Two vegetations of subaeuto bacterial endocarditis on tlie mitral 
valve, one pedunculated and one sessile. 

Fip. 2. — (Case 1.) The stalk of the pedunculated vepetatlon from area B, marked on 
Pip. 1. Note the tissue in the superflcial parts on both sides and the central necrotic core. 

yin-. 3. — (Case 1.) Hipher power view of area 3, marked on Pip. 1. The tissue on the 
left Is approacliinp the bacterial colonies on the rlpht Note tliat bacteria have disappeareu 
from the part of the vepetatlon already organized. 
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In sonic in‘"lniu‘cs oif'iiin'xntioii niny nl'-o proceed from tlic eidiie Ini^'C of tlio icgotation. 
In flic so'-sile vepelntion 11, (here are .‘•ueee'-'-ive layers of 'di‘n‘-e.-eonnecliie tissac, granulation 
tissue, lacunae tilled uitli leucocytes, and liacterinl colonies eiuheddcd in a granular dchtis 
(J'igl 'fi, designated C in Fig. I). The lacunae (Fig. 7) pridiahly rejiresenl former b.acterial 
colonies' nhich have heen phagocyti/ed and destroyed. 

C.\Rn 2. — Barne.s Hospital Autoji.sy Xo. Jl,77t>. A .'i.I-yeai -old white man w. us admitted 
to (he ho.spital on May S, Itll.I. Five yeais pre\iou.sly he had a left-sided hemiplegia, with 
almost complete lecovery e.\cept for genei.-d weahncss until siv wick.s ‘previously when he 
lipgan to notice swelling of the feet and ankles and an incio’ising numhei of [letcchiae. More 
recently ho had ditlieulty in .sieaking clearly. 

On May 1-1 a hlooil culture .showed alliha hemolytic .strejitococci. I’eaicillin was .started 
.May -17, dO.OOO units eveiy (wo hour.s intianin.scnlarly for fourteen days. Tlie hloo I cultures 
remained* positive. On .lane 1 penicillin was incten«ed to .'id, (Kin units every hour. The 
organism'^vvas (hen found to glow in concentrations of 20 nnit.s of penicillin per ciihic 
centimeter. Fcnieillin was .stopped on dune .I and Itegun again, .IdjdOO units every hour, 
on .Tunc 12. On .Tune 17 te.st injections of 100,000 units were given intravenmislv every two 
houKs and lilood levels taken. Five minutes after iujoctiou (he level was ahout 10 anits per 
cubic centimctei. On .luao IS, .'iti.OOd units every hoiii iatianiiiscalarly were liegun again 
and continued until duiic 20, for a total of 22.010,000 iiiiit“. 

At tliat fimo tlic patient refused further injections of ] enicillin and s'Kiiel hiinscll 
out of the liospital, under piofest, on .Tune 2S. He was leadmittel duly 22; the edema was 
worse, the iictoohiae were more ainmdant, (here weie small jiiistiiles on hotli hands, and he 
complained of .shortness of hreatli. Xo ehemotherapy was attemptcil lavause of rvidciuc 
of c.\trenio renal and hepatic damage. The patient developed pulmonary ei'oma on Julv 
.'!! and died on Aug. 1, IDld. 

The nnntoniie diagnosis ineinded: ehronic endocarditis of (he mitral valve; .sahacule 
linctorial endocarditis of the inifi.al and aortic valves and wall of the left atiiuai; suhacutc 
liacterral endarteritis of live ascending aorta; recent and healed infarct.s of the spleen and 
kidneys; foerti encephalomalacia of the oceipital Inhe.s and left ceieliellum ; focal embolic 
glomerulonephritis; and miliary alisecssos of the niyoeaiditim. 

Sections from the vegotution on the mitral valve .show well the proee.ss of phagocytosis 
of bacteria, destnretion of the colonics, and formation of lacumre. In Fig. S part of a 
colony has been destroyed and the roaiairrdcr broken into smaller fragnreuts. A largo lacuna 
with only a small ma.s.s of bacteria at one .side is depicted in Fig. p. As (lie colonics are 
de.stroyed, large nttmbcr.s of bactciia are seen in idingocytos (Fig. 10). The same phe 
nomcnon is present in the mural vegetations of tire left atrium in tliiV heart (Fig. 11)- 

The observations illustrated in Figs. G and 7 from Ca.se 1 and Figs. S to 11 f'0"‘ 
Ca.se 2 may- bo e.xplainod ns pliagocyto.sis of the bacteiinl colonies when living tissue reaches 
the proximity'61 the bacteria. The chcl result is a Ineutia surrounded hy necrotic vegetation 
or tissue. - t, * 

, *. 

Case 3.— Barnes Hospital Autopsy Xo. ll,lo';t. A GS-yeat-old white woman was admitted 
to the hospital on .Tanunry 27, complaining of fever and malai.se of two and a half months' 
duration. The blood culture showed .S’trpptococni.s virirfniis. On February S the i>atient was 
transferred to another hospital and after three weeks with no improvement roftiined lionic. 
On March 15 the p.itient was readmitted to Barnes Hospital for penicillin thorap.v. >Slie was 
disoriented and unable to speak or turn licr body. There wore many petocliiao on the con- 
junctivae, face, trunk, and e.xtromities, and the feet were swollen. The blood culture showed 
Sir. viridmis. Penicillin w.as began on March 17, 25,000 units every- two Iiotiis intramuscularly. 
On March 20 the blood culture was negative, but the patient failed to iittprovo and died on 
Jfarclr 2.3. Penicillin was last given five hours before death, and tlie total dose vvas 
1,700,000 units. 

Tire anatomic diagnosis included: clironio endocaiditis of the initial valve; subacute 
bacterial endocarditis of tho mitral valve; partially Iiealed infarcts of the spleen and 
kidneys; focal embolic glomerulonephritis; and subarachnoidal hemoiihage. 
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There is ti largo partially organized vegetation on tlio mitral valve (Fig. 12). In tlie 
area outlined there i.s a .sharp lino of deinarcation between llio necrotic part and the pro- 
liferating fibroblasts. Tliis is taken to mean that tlie necrotic component of the vegetation 
organizes slowly or not at all. This conclu.sion is supported by the better known ex-amples 
from general j)athology of .slow organization of the necrotic centra of caseous tubercles and 
gpimmas. 

Case 4 . — University of Alinnc.sola Aulop.sy No. -J 1-009. A .^7-ycnr•ol(^ white woman 
was admitted to the lio.sj)ital on Mny 5, with a three woiithu’ history of chills, fever, 
and wo.akno.ss of the loft side of her face, the right ana, and tlie right leg. Despite previous 
treatment with largo amounts of sulfanilamide in another hospital, tlie blood culture showed 
Sir. vimJans. 

The heart was enlarged to the loft, the liver and sideen were palpable, and there was 
a largo umbilical hernia. There were many polechino on both conjuncfivac. PcniciUin 
was started jMay 6 and given intravenou.sly, 100,000 units every twelve hours. The patient 
improved, and the blood culture showed no strcjitococci after twenty-four hours. New 
petochiac appeared in the conjunctivae, however, and on May .lO the patient suddenly de- 
veloped sharp abdominal pain localized in the umbilical region. An exploratory laparotomy, 
performed because of the possibility of a .>-tranguluted abdominal hernia, revc.aled a gen- 
eralized peritonitis. The patient died on the operating table. I’enicillin had been continued 
to the day of death, the total dose being -1,200,000 unit.=. 

The anatomic diagnosis included: chronic endocarditis of the mitral valves; subacute 
bacterial endocarditis of the mitral valve; suppnirated infarcts of the spleen with rupture and 
peritonitis; fowil embolic glomerulonephritis; bilateral pulmonary atelectasis; and acute 
arteritis of the hepatic artery with thrombosis. 

This case is used to illustrate ndv.anced healing of a small vegetation. In Fig. U 
there arc three distinct strata: a central c.alcificd core, a middle layer of hy.alinized nnd 
necrotic tissue, nnd a suporhcinl layer of loose proliferating fibrous tissue. 

The appearance in Fig. 1-1 could be compared to that in Fig. 2, if the central part of 
the latter were to become compacted nnd the centrum to calcify. 

Fig. 15, from a case not given in detail (University of Minnesota ‘1-I-ldOS), shows 
calcification of an individual bacterial colony. 

Case 5. — ^Barnes Hospital Autopsy No. 11,358. A 4G-yenr-old-white man was admitted 
to the hospital on July 3, complaining of pain and edema in the left leg for one 
month, exertional dyspnea for three weeks, and a pruritic rash for three days. The patient 
had an attack of rheumatic fever at 21 years of age nnd another a year later. 

The heart was enlarged and there was a harsh systolic murmur over the prccordium. 
The liver was enlarged. On July 5 a blood culture showed hemolytic streptococci, the patient 
had a fever, and the spleen was palpable. 

On July 15 penicillin was started, 20,000 units every two hours intramuscularly. After 
July 16, the next day, all blood cultures were negative nnd the temperature was normal. 
Penicillin was discontinued August 9, after a total of 6,080,000 units had been given in 
twenty-six days. The patient was discharged, improved, on August 23. 

He was readmitted on August 30, complaining of increased dyspnea and edema of 
the ankles. On September 20 the patient had a sudden attack of pulmonary edema and 
died shortly afterward. 

The anatomic diagnosis included chronic endocarditis of the aortic v.alve with calci- 
fication and aortic stenosis. 

The aortic valve (Fig. 16) is greatly deformed 'with a thin base and a large bulbous 
calcified edge. The calcified masses are surrounded by a loose fibroblastic tissue infiltrated 
with lymphocytes and large mononuclear cells (Fig. 17). In other regions, especially near 
the surface, there are endothelial-lined spaces (Fig. 18), variable in size and outline but 
corresponding in general architectural pattern to the lacunae left by destruction of bacteria 
shown in Fig. 7. The surface is lined by endothelium, and all evidence of a vegetation is 
absent. 
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Fie. 12. — (Case 3.) 
Fig. 13. — (Case 3.) 
demarcation between the 
Fig. 14.— (Case 4.) 
surrounded by a layer of 
flbroblastic tissue. 

Fig. 15. — (Case not 


Fig. 15. 

From“'lL‘”',f"''^‘'‘.’ on ‘“o n.itral valve, 

necrotic part oT"th<f*\'egetation Si' ti" s'>9'y ‘*>0 sliarp line of 
Caicmcation of the central ,‘St orgamzing part, 

cartilaginous connective tissue am/ J'. organized vegetation 

vcinc tissue and covered on tlio surface by a loose 

given In detail.) Calcincation of a bacterial colony. 




Fig. IS. 

Fig. 16. — (Case 5.) Calcined nodules of the aortic \aUe in a patient who died two 
months after apparent cure of .subacute bacterial endocarditis. 

Hg. 17 — (Case 5 ) \ calcined nodule surrounded bj loose connective tissue. 

Fig. IS. (Ca^e j.) I.arge endothelial lined spaces in the superncial part of the aortic 
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The ohservntioiis of this valve with iulraiieod liealiiif,' serve to cotifirm flic conclusions 
reached from study of (lie earlier slajjes of hcnlinj; seen in tiie other cases. Tlic vegetation 
organizes or calcifies, and the bacteria nro ilc.sfroyed, the spaces occupied by them becoming 
endothelized. 

IIKALING IX .SUHACUTK BACTKKIAI. KXbOCARIJiTIS 

On the basis of llicsc observations, healing in subacute bacterial endocarditis 
niaj' be arranged as five processes: covering of tlic cx])o.sed surface of llic vege- 
tation with fibrous tissue, invasion of the layer of colonics and pliagocytosis of 
bacteria, calcification of bacterial colonies, byalination and calcification of the 
central core of the vegetation, and endotbelization of the spaces and clefts in 
tlic vegetation. 

In order to understand the fii'st i)roec.ss, covering of the expo.sed surface 
of tlie vegetation with fibrous ti.ssue, it is necessary to return to the discussion 
of the nature of the vegetation in bacterial endocarditis. To recapitulate, it is 
composed of a central core of necrotic tissue, a layer of bacterial colonics em- 
bedded in fibrin, and a su])erficial thin layer of fibrin. The necrotic core is 
similar to other foci of dead ti.ssue such as tlic caseous nodule of tuberculosis. 
Tliere is no network of fibrin on wliicli an invading granulation tissue may 
form. Hence, it undergoes organization slowly or not at. all. On the other band, 
the superficial layer is fibrin and is readily and quickly replaced by fibrous 
tissue. The limiting factor is the stale of the fibrous tissue at the edge of the 
vegetation. If this region is well vascularized and if the fibrous tissue is not 
too collagcbous and byalinizcd, prolifcimtion will proceed from some or all 
directions. In time the central core will be completely covered. Concurrently, 
the fibrous tissue about the base of the vegetation is active in isolating the 
necrotic mass and invading it along the few septa and at places where a net 
work of fibrin exists. Tlie end result is a central necrotic mass completely sur- 
rounded by tissue. 

The second process, invasion of tlic layer of colonics and phagocytosis of 
the bactei'ia, is a phenomenon seen in all bacteria] diseases. In the absence of a 
specific chemical or biologic agent which will kill bacteria, the only method for 
disposal of the bacteria is to bring active phagocytes to the infected focus. In 
subacute bacterial endocarditis of a valve, this is not possible until the first proc- 
ess, covering of the surface with tissue, has taken place. A possible alternate 
is organization of the necrotic center, but it has been pointed out that this does 
not occur except in small supeificial vegetations. In other words, leucocytes 
cannot migrate through the necrotic core, nor will they go through the super- 
ficial layer of fibrin from the blood in the cavities of the heart in sufficient 
numbers. That the latter is attempted is suggested bj^ the alinement of leu- 
cocytes on the surface of the vegetation. As fibrinoblasts and capillaries replace 
the peripheral layer of fibrin, the adjacent bacterial colonies are broken apart 
and the bacteria are phagocytized and destroyed, at least in large part. 

For reasons not apparent from the histologic study, some bacterial colonies 
undergo calcification, the third process. Perhaps the bacteria die and attract 
calcium salts in the same manner that necrotic tissue does. 
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TJie fourtli process, hyalination and calcification of the necrotic part of 
tlie vegetation, is an undesirable feature of healing. As previously pointed out, 
necrotic tissue is not ideal soil for organization. There is no pre-existent frame- 
work of fibrin for the filn-inoblasts and cajiillaries. Therefore there is eneap- 
sulation witli hyalination and ealcification. This process does not involve any 
significant degree of contraction or decrease in size. Hence the end result is a 
greatly deformed nodular valve, similar to that of calcific stenosis. 

As the bacterial colonies are destroyed and as the necrotic core becomes 
lobiilated, clefts and spaces appear in the vegetation. Endothelial cells from the 
surface or from sprouting capillaries grow into and line the spaces, the fifth 
process. 

In summary, healing in subacute bacterial endocarditis is essentially the 
conversion of a vegetative endocarditis into a chronic endocarditis characterized 
by superficial vascularized connective tissue and central nodular calcification. 
Only time will teU whether or not the latter disease is functionally significant. 
Reports so far suggest that some patients develop cardiac failure as a result 
of the calcific stenosis, as did one of the patients reported on in this paper, 

TRE-VTMEXT OF SUBACUTE BACTERIAL EXDOCARDITIS 

Comparison of the observations in those patients treated with penicillin and 
in those patients who received no specific therapj- indicates that there is some 
eridence of healing in all, I’egardless of the form of treatment. However, more 
advanced healing is obseiwed after treatment with penicillin. 

Logically there are four possible procedures by which healing might be 
facilitated: (1) Control the further gi-owth of bacteria; (2) bring phagocytes 
to the bacteria; (3) promote the growth of granulation tissue; and (4) aid in 
the final disposal of necrotic tissue. 

Clearly, penicillin is effective in the fii’st procedure, control of further 
growth of bacteria. This inhibition, regardless of how produced, will be re- 
flected in greater phagocytosis and proliferation of tissue, since both are un- 
favorably influenced by active multiplication of bacteria. The sooner the in- 
flammation is brought to a standstill the more effective the final disposal of the 
necrotic debris. Hence, penicillin by an action of simple bacteriostasis exerts 
an effect on all aspects of healing. Therefore, in the sections from patients 
treated with penicillin, there is more extensive and advanced healing than in 
those not so treated. 

The dose and duration of treatment are largely outside the domain of the 
pathologic anatomist. However, it is suggested that a blood level effective bac- 
teriostatically on the organism of the patient be maintained for the period it 
takes for the layers of bacterial colonies and fibrin to be replaced by tissue. The 
actual range is probably 200,000 to 1,000,000 units per day in not less than 
six divided doses intramuscularly for three to sLx months. 

Tins study was originally undertaken to detennine whether or not better 
forms of treatment could be developed. Penicillin has a direct effect on onlv 
one of the four possible modes of attack, Perliaps when really effective agents 
become known, it may be possible to accelerate the phageej-tosis. 
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Some of llic foelors delcrmiiiiii'' llie healing of wounds avc already imder- 
■slood. The veselalioii is a wound whicli musl. l)e healed in part hy fibrosis. 
Amonp: other fhini^s, an adetinate snpi)ly of protein and vitamin C is necc.ssary 
for rai)id proliferation of normal fibvobla.sts. The most careful attention should 
be given to the nutritional statu.s of the patient with subacute bacterial endo- 
carditis, particularly to the level of the plasma albumin and to the adequacy 
of available vitamin C. 

If tlio vegetation i.s lai’gely neei-otic tissue, it follows that it does not grow 
by addition of fibrin on the surface. Hence, there is no basis for the use of an 
anticoagulant such as hei)arin to jircvent a ])rocc.ss which does not occur. 

Whether or not it is feasible or desirable to accelerate calcification, will be 
left for othci's to decide. It has been reported that calcification of caseous 
tuberculous nodules in rabbits may be hastened by a high calcium diet and 
vitahtin D. Perhaps a similar iiroeedurc initiated toward the end of active 
treatment Avonld be Avorth Avhile. Po.ssibly further ivscnrch may reveal a tech- 
nique for clisivosal of the necrotic tissue which docs not load to calcification and 
deformation of the valve. 

PATnor.r.NK.sis or sunAcin'K racturiai, knoocabuitis 

It is not possible to study the Avhat, that is, the pathologic anatomy of a 
disease, for long and not wonder about the how and why. 

How and Avhy do people develop .suhacufe bacterial endoeai'ditis? Of the 
thousands who have rheumatic fever, only a .small imreentagc have this compli- 
cation. Of the thousands who have a tooth extracted or have an acute upper 
respiratory infection, only a very few develop an endocarditis. Even when 
these two .states, lesions of i-heumatic fever and streptococci, are present together, 
the IniowTi incidence cannot account for the on.sct of subacute bacterial endo- 
carditis. 

The basic part of all vegetations i.s the .same, tlie neei’otic core of a valve. 
This is time for the verrucac of rheumatic fcvei’, the vegetation of nonhactcrial 
thrombotic endocarditis, and for the lesions of bacterial endocarditis. Bacterial 
endocarditis differs from the others only in that thei'e is a superficial layer of 
bacteria and fibidn. IMay it not be po.stulated, then, that bacterial endocarditis 
consists of tAvo pai-ts, a nonhactcrial primary part and a bacterial secondary 
part ? 

It is Avell knoAvn that nonhactcrial thrombotic endocarditis is a not uncom- 
mon obsei’vation at autopsy in those avIio have died of debilitating diseases. Per- 
haps it occurs and heals more frequently than is suspected. It might account 
for the fibrous thickening of valves and adhesions at the commissures of the 
aortic valves observed in GO to 90 per cent of all liearts at autopsy. 

It is therefore submitted as a Avorking hypothesis that if a person has a 
nonbacterial endocarditis, cither rheumatic or thrombotic, at a time Avhen he 
also develops a bacteriemia Avith Sir. viridans, he or she may develop subacute 
Imctei'ial endocarditis. 

This Avould explain (1) the knoAA'ii association of lesions of rlieumatic fever 
and subacute bacterial endocarditis in the same lieart, (2) tlie frequency of 
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lesions of subncute liacterial endocarditis on previously damaged A’alves, and 
(3) the low over-all incidence of subacute bacterial endocarditis in relation to 
previously postulated causal factors. 

SUMJIARY 

A comparison has been made of the lesions of the heart in subacute bac- 
terial endocarditis in tAventy-two patients treated Avith penicillin and in eight 
patients given no specific therapy. 

Penicillin promotes liealing in subacute bacterial endocarditis, but the 
basic processes of healing are not modified. These processes are; covering of 
the exposed surface of the A'egetation Avith fibrous tissue, inx’asion of the layer 
of colonies and phagocytosis of bacteria, calcification of bacterial colonies, bya- 
lination and calcification of the central core of the vegetation, and endothelization 
of the spaces and clefts in the vegetation. 

In some patients, healing is accompanied by excessive calcification, and the 
•result is a calcific stenosis of the vaU'e. 

It is postulated that the vegetative lesions of suliacute bacterial endocarditis 
consist of two parts, a nonbacteinal (rheumatic or thrombotic) primary part and 
a bacterial secondary part. 


EFFECTIVENESS OF CON.J COATED I-'OE^IS OF FOLIC ACID 
IN TIIF TREATMENT 01'^ TEOPICAL SPRUE 

Raji6x j\r. Suakkx, i\LD., Ai?n-oi.d D. WKr.cii, Pii.D., JI.D., Robert W. 
IIkixle, ]\LD., Raaiox I\I. StrAJii:/-, .lit., ]\r.D., axd Evelyx ]M. Nn.sox, B.S. 
Sax .Tuax, Puerto Rico, axd Ci.eveuaxd, Ohio 


F olic acid (pteroyl'flulamie acid) oceiii'x natural!}' not onl.v as the free 
Yilainiii, l)ul ahso in the form of various comjilcxcs or conjugates. Two of 
tlicsc complexes, both polyglut anialc.s, have been isolated in pure form, one 
from yeast and one from a filtrate obtained from an aerobic fermentation of 
a diphtheroid type organism. 'J’hc folic acid complex of yeast, often termed 
vitamin Be conjugate, was identified bv Pfiffner and co-workers'’ - as pteroyl- 
hexaglutamylglutamic acid. The other naturally occurring complex, usually 
termed fermentation folic acid oi- fermentation Laclohacillus casei factor, was 
described by Hutchings. Stokstad, and their collaborators"’'* and Avas shown 
to be a triglutamate (pteroyldiglutamylglutamie acid). 

The ability of these com])lexos of folic acid to affect the groAvth of those 
organisms unable to .synthesize folic acid shows certain interesting differences. 
Thus, fermentation folic acid appears to be utilized effectively by L. casci, 
exerting an effect deviating from that of cr.vslnl]ine ptcroylglutamic acid (PGA) 
only as the molecular weights ditfci’; for Sfrcpiococcns faccalis (Streptococcus 
lactis R) the compound has only about one-fiftieth the activity of ptcroylghi- 
tamic acid. The conjugate of yeast (heptaglutamate) is essentially unable 
to stimulate the growth of either microorganism. In animal species known 
to require folic acid (monkey, chick, rat), each of the conjugates exerts an 
effect essentially equivalent to its folic acid content, and it is probable that 
this acth'ity results from these compounds scrA'ing as a source of free fobc 
acid, split off in each case by the action of a group of enzymes AA'idely dis- 
tributed in tissues and generally termed eonjugascs. The possibility has not 
been excluded, hoAvever, that the conjugates may also be utilized as such. 

The effectiveness of folic acid in the treatment of pernicious and other 
forms of macrocytic anemia, including sprue, led to the investigation of these 
complexes as examples of the types of compounds from AA'hich human subjects 
presumably must derive a considerable portion of their supply of folic acid. 

It has already been reported b.v Welch and associates"’ “ and by Bethell 
and co-Avorkers" that the conjugated folic acid of yeast is little or not at all 
utilized by patients Avith pernicious anemia, although normal human subjects 
demonsti’ated their ability to dei’i\'e folic acid from the same lots of this hepta- 
glutamate by a marked augmentation of the urinary excretion of the free 
vitamin folloAving the oral or parenteral administration of the conjugate. B 
Avas suggested by both groups of Avorkers that the folic acid deficiency char- 

From the Department of Medicine of the School of Tropical Medicine. San Juan, PUCTto 
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aeteristic of pernicious anemia might be clue, at least in part, to the inability 
of such patients to obtain adequate amounts of the free vitamin from the 
naturally occurring complexes found in the diet and that as a result of this 
biochemical defect the supply of free folic acid is insufScient for the main- 
tenance of normal hematopoiesis. It was suggested by W eleh and associates'" 
that liver factors have a more deep-seated action than that solely concerned 
with correcting a defect in the utilization of conjugates of folic acid, since 
such extracts have produced a striking reticuloej’tosis follo'wing an inadequate 
response to prolonged dosage 'u'ith synthetic folic acid. 

Another complication has been offered by the finding that some patients 
with pernicious anemia, of a tj'pe as yet indistinguishable from that pi’eri- 
ously described, are able to utilize concentrates of the yeast form of conjugated 
folic acid. Of such a tj-pe. Sharp® has observed tvo examples and Castle,® 
one: while one patient with pernicious anemia in remission induced by liver 
extract, but maintained for more than six months on folic acid -ndthout liver 
extract, has been observed by Heinle and associates to utilize the heptaglu- 
tamate, as evidenced by the urinary elimination, in the form of free L. casei 
factor, of a large proportion of the administered conjugate. 

It is clear that some patients with pernicious anemia are unable to release 
folic acid from the preparations of heptaglutamate used,* while in other pa- 
tients this biochemical defect is not present. Conceivably, such differences 
in handling the conjugate might reflect etiologic differences in the disease or 
might represent quantitative differences in the degree of deficiency of intrimsic 
factor or of erythrocyte maturation factor. On the other hand, it is now 
knomi that one or more substances occur naturally (for example, in yeast 1 
that are capable of competitively inhibiting some of the conjngases which 
release folic acid from pteroylhexaglutamylglutamic acid.t The possibility 
has not yet been excluded that the concentrates of xntamin Be conjugate used 
in patients wdth pernicious anemia, who are able to derive folic acid from 
them, differed from those which caused neither a clinical response nor the 
appearance of folic acid in the urine. Although one lot of material that pro- 
duced no response, in small daily doses or in a single dose of 30 mg.,® repre- 
sented apparently pure, crystalline pteroylhexaglutamylglutamic acid, other 
studies w'ere carried out with concentrates that probably contained inhibitor.s 
cf conj ngases.t It is not inconceivable that one of the defects in patients with 


"'''<3 Uesenbed m reports; by estigators at Ann Arbor 

'^“''timunication from Dr John R. Totter, School of Medicine, trniver=it% of 
Sarb'?®'n' Rock, Ark The inhibitorv “mbs ance u=cd by Dr Totter tvas supplied by Dr 

(Ritn-r “s"® pdj’i corresponds to the ^ut^ic acid polypeptide of p-aminobenzoic acid 
Acifl irf' S Blanchard Ji and Green D E Isolation of a Peptide - 

amniK J. Biol. Chem 1C4: 691, 1946 ) It tras found that th« , ■ 

A™"’ , , ® times as great as iitamin Be conjugate for - , 

nnd‘ tho chicken pancreas and rat Iii,or. but the response -nas not always obtainable 

dented rrom’‘hL“’kidne®^ '’?! i'” identical uith a material causinc inh bition of a conjufa'e 
us (\ D tv a preparation generousK surmlicd by Dr. Ratner. two of 

to release ^ of human bone marrow, whose Siliu 

bibited ‘bv iiA Ptei'OJ mw'aglutarnt Iglutamic acid «as measured at pH 4 5, are in- 

a%ailable. Po'l Slutamate of p-aminobenzoie acid but quantitatite data .are not trt 

P'" ^ Plianrr has stated that the concentrates ve em- 

lugaso; houeter InAiPP.P P essentially free of all inhibitor for hog kidney coni 

as the atailable conceniing the presence of inhibitors (suSi 

bone nrirTOiv ^ Polj peptic e of p-aminobenzoic acid) of the conjugase found in humSl 
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pernicious anemia will be found to consist of a partial to complete inability 
to inactivate such inhibitors of conjugases; this possibility has heen anticipated 
in previous papers.'^’ ® 

Spies’® has recently reported that fermentation folic acid, in a daily intra- 
muscular dose of 3 mg., given during a period of eleven days, caused a sub- 
maximal reticulocyte response in a patient Avith pernicious anemia in relap.se. 
Urinary excretion data were not presented. Although it has not been .shomi 
that treatment with liver extracts will restore the ability to release folic acid 
from its conjugates in patients previously unable to utilize such material, it is 
Avorth noting that the patient studied by Spies had I’ccciA'cd injections of liver 
extracts at some unstated time in 1946. It Avill be necessary and de.sirablc to 
test the triglutamate in patients AA’ith pernicious anemia in sca’ci’c relapse avIio 
have received no exogenous source of Ha’cv factors, at least for scA'cral months. 
IIoAvever, the most recent findings, some of Avhich are presented here, suggest 
that fermentation folic acid Avill not require liver extract factors to permit its 
utilization. 

The supply of pleroyldiglulamylglulamic acid has been exceedingly limited 
and it has not been po.ssible to obtain exlensiA’c infoi-mation concerning its 
effect in tropical sprue. Similarly, the .supply of the yeast form of conjugate 
has been restricted by the great difficulties attendant to i.solation. In this 
report are de.scribed the striking clinical effect and hematologic responses, 
together Avith data on the urinary excretion of folic acid, obtained in tAVO 
patients Avith tropical sprue. Thc.se patients Avere treated (by K. M. S. and 
R. M, S., Jr.) in the School of Tropical Ifledicine and University IIo.spital in 
San Juan, Avhilc the analytic studies of the urine Avere carried out in ClcA’cland 
(by A. D. W., B. W. H. and E. M. N.).* 

CIJNICAL OHSERA'ATIONS 

Patient JL Q. (Unit Iiistory A-87S7), .a wliite, Puerto Rican man, JS .vcnr.s of aRC, ■'vas 
adinitted to the Univensity Hospital on June 12, 1910, with the chief complaints of weah- 
ne.s.s, diarrhea, and weight loss (about forty pounds) during a period of about one year. 

Ho stated that he Avas feeling avoII and that ho had oaten Avhat he considered to be 
a well-balanced diet until one year prior to admission, Avlicn ho first noticed diarrhea. 
The diarrhea was described as Avatery, greenish-yellow, foamj', without mucus or blood, 
AA-ith from three to ten stools daily. AA'^ith the onset of diarrhea, the patient developed 
flatulence and anore.vin. Soon thereafter he noticed soreness of the mouth, Avith gradually 
increasing generalized weakness. 

A feAV months after the onset of illness, a foAV injections of concentrated liver ex- 
tract Avere giA'cn at irregular intervals and in inadequate doses. Ho receiA’cd the last 
injection of liA'or extract two days before hospitalization and fourteen days before injec- 
tions of fermentation folic acid wore started. 

On phj’-sical examination the patient was found to be in a cachectic condition, c-x- 
tremely pale, and obviously very weak and nialnourished. A superficial, dry, scaly, broAvn- 
ish dermatosis was noticed over both ankles and AA-rists. The tongue was pale and fissured, 
and, although covered by papillae, these Avero A'ory small and some of them over the tip 
and margins of the tongue were definitely inflamed. No aphthae were seen. 

On admission, examination of the blood disclosed 1,200,000 erj'throcytes per cubic 
millimeter; hemoglobin, 5.8 Gm. per 100 c.c.; leucocytes, 5,100 per cubic millimeter; mc.an cell 

•The materials used in the studies Avere obtained througli tlie courtesy of the Lederle 
Laboratories, Inc., Pearl River, N. Y. (fermentation folic acid) and of the Laboratories of 
^rke Davis & Co., Detroit, Midi, (concentrate of vitamin Be conjUBate). 
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volume, ICO c/i; the corrected sediinentution rate was IS inm. per hour. Bone marrow 
aspiration revealed 25 per cent megaloblasts and 12 per cent normoblasts, with an erythro- 
cytic series of 55 per cent and a granulocytic scries of 37.S per cent. Chemical findings 
in the blood were within normal limits, except for a serum protein level of 4 Gm. per 
100 C.C., with a normal albumin-globulin ratio. Gastric analysis showed hypochlorhydria. 
Serologic and urinary findings were negative. Examination of the stool showed free fatty 
acids, soapy fats, and neutral fat (videinfra). 

LaVoratory Examinations . — ^Urine analysis revealed no abnormalities. Examination of 
stools disclosed hoohworm ova. Analytic findings in blood were as follows: nonprotein 
nitrogen, 26.4 mg. per 100 c.c.; urea nitrogen, 12.7 mg. per 100 c.c.; .sugar, 72.7 mg. per 
100 c.c.; cholesterol, 10S.6 mg. per 100 c.c.; phosphorus (inorganic), 2.7 mg. per 100 c.c.; 
calcium, 7.8 mg. per 100 c.c.; phosphatase, 4.7 Bodansky units; van den Bergh reaction, 
delayed; total serum protein, 4.0 Gm. per 100 c.c. (albumin, 2.6 Gm. per 100 c.c.; globulin, 
1.4 Gm. per 100 c.c.); icterus index, 3.2 per cent; chlorides (as NaCl), 461.0 mg. per 100 c.c. 

Gastric analysis after stimulation with histamine was as follows: 

FREE HYDROCHLORIC ACID (°) 


Easting 

0 

First 

40 

Second 

26 

Third 

12 

Fourth 

0 

Lactic acid, absent 



Biophotometric curve began at 26 and finished at 63 (normal, 55 to 100). Analysis 
of the dry solids (22 per cent) of a stool sample was as follows: total fat, 78.7 Gm. per 
100 Gm.; free fatty acids, 65.7 Gm. per 100 Gm.; soaps, 0.9 Gm. per 100 Gm.; total split, 
66.7 Gm. per 100 Gm.; neutral, 9.4 Gm. per 100 Gm.; unsaponified, 2.6 Gm. per 100 Gm. 

Treatment . — The patient was placed on what we have referred to as a preliminary 
sprue diet, and this dietary regime, high in carbohydrates and very low in animal proteins, 
was maintained throughout the experiment. Twelve days after admission, when all labora- 
tory examinations had been performed and various base lines established, daily intramu.-!- 
cnlar injections of fermentation folic acid were begun. The solution used was prepared 
h.v one of us (A. D. AV.), in San Juan from a powder of 65 per cent purity. This material 
was dissolved in water and the pH adjusted to approximately 7.4 with the aid of sodium 
h.vdroxide. The solution was designed to contain, in each 2 c.c., approximately 3.0 mg. of 
potential folic acid. After autoclaving at 15 pounds pressure for fifteen minutes, a sample 
of the solution was withdrawn aseptically, hermetically sealed in a sterile capillary' tube, 
and taken to Cleveland for analysis, ilicrobiologic assay (L. casei and Str. faecalis) be- 
fore and after treatment with hog kidney conjngasen indicated that each daily do.se (2 
c-c.) of the solution contained approximately 4.9 mg. of fermentation folic acid, equiva- 
lent to about 3.1 mg. of pteroylglutamic acid. AVhen treatment with fermentation folic 
acid was initiated, on June 24, 1946, the following hematologic observations were made: 
erythrocytes, 800,000 per cubic millimeter; hemoglobin, 4.2 Gm. per 100 c.c.; mean cell 
'olume, 175 cm; leucocytes, 2,300 per cubic millimeter; the reticulocytes, which originallv 
"ere at an 8 per cent level, now composed 2 per cent of the circulating red cells. The 
patient was having from six to eight bowel movements dailv and the body weight was 
only 96 pounds. 

Three days after initiation of treatment with fermentation folic acid, the patient 
'olunteered the statement that he felt better; the bowel movements had decreased to three 
ally; the number of megaloblasts in the sternal bone marrow was reduced to 1.2 per cent 
( rom 2o per cent) ; the appetite had improved markedly and the patient experienced a 
sense of well-being. In spite of the inadequate diet, there occurred a definite improvement 
m the number and character of the stools. By the fourth dav the stools were of normal 
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TaBLK I. irr.MATOI.OfilC ])ATA OllTAJNEK l.V VATIEKT WITH Sl’IlUE' 


DATE 

IIEMOOI.Om.V 
(oRAXi.G rni! 

300 c.c.j 

Ki:YTJn!OCYTE.S 

(nrrr.uo.v.s 
run c.xrxr.) 

t.KUCOCl'TE.S 

(TlIOU.SAND.S 

PERC.M.\t.) 

RfmeuLO- 
cyTE.s 
(PER cent) 

0/24/40 

4.2 

0.80 

2.3 

2.0 

G/2G/4G 

4.8 

0.82 

1.7 

5.2 

6/27/40 

4.8 

0.81 . 

1.3 

0.0 

0/28/40 

4.0 

0.80 

1.0 

18.0 

7/ 3/40 

.5.4 

1.21 

2.3 

32.4 

7/ 2/40 

0.0 

3.20 

.3.0 

37.8 

7/ 3/4G 

5.8 

3.28 

.3.7 

12.8 

7/ 4/40 

7.2 

1.59 

3.5 

15.8 

7/ 5/40 

0.8 

1-7/5 

2.2 

31.0 

7/ 0/40 







11.4 

7/ 8/40 

7.2 

1.75 

4.5 

9.0 

7/ 9/40 

7.0 

1.85 

3.8 

9.4 

7/10/40 

8.3 

2.09 

4.9 

0.8 

7/12/40 

8.4 

2.59 

5.0 

13.2 

7/30/40 

30.5 

2.00 

3.0 

11.4 

7/24/40 

30.1 

3.03 

5.3 

3.2 

7/29/40 

11.4 

.3.40 

4.7 

.3.8 

8/ 5/40 

32.8 

3.52 

4.0 

0.3 

8/32/40 

12.0 

.3.00 

5.3 

0.3 


•The imtlcnt (JI. Q.) was fflvcn dally Intramuscular Injections of t.9 nip. of fermcnf.atlon 
folic acid (equivalent to 3.1 nip. of free folic acid), beplnnlnp June 21 and contlnulnp 
July 7, 1946 (14 Injections). Additional therapy with liver c.xtr.ict (1 c.c. dally, contamlnp 
1.6 units) was bepun on July 4 and was continued throuph Aup. 4, 1946. 

On the fourth diiy of (reiitniont tlie reticulocyte level had reached a peak of 18 pcf 
cent, and a level of nhoat IS per cent was innintnined until the tenth day of treatment, 
.July 4, when the daily administration of 1 c.c. of liver e.vtract (15 units) wa.s begun, in 
addition to the same dose of fermentation folic acid. On this day the erythrocyte count 
was 1,590,000 per cubic millimeter of blood and the hemoglobin level uns 7.9 Gin. per 100 
cubic centimeters. The number of leucocytes and of platelets had shown little change. The 
body weight had increased by si.\’ pounds. 

Following the injections of liver c.\-tnict, in addition to those of fermentation folic 
acid, the number of white blood cells and platelets increased, and there was a persistence 
of the reticulocytosis, a progressive increase in the number of erythrocytes and in the 
amount of hemoglobin, and a definite change toward complete recovery. 

On .Tuly 10, twenty-two days after treatment was begun, the erythrocyte count was 
2,600,000 per cubic millimeter; the hemoglobin level, 10.5 G'm. per 100 c.c.; moan cell 
volume, 141 eg; leucocytes, 5,000 per cubic millimeter; and the reticulocyte level was 11.4 
per cent. The body weight was 112 imnnds (an increase of sixteen j)ounds). 

Patient .1. Q. (Unit history A-921G), a white man, 55 years of age, was admitted to 
the University Hospital on Sept. 5, 1940, with the chief complaint of generalir.ed weakness 
during the past three months, accompanied by foamy diarrhea, a burning sensation of the 
tongue, flatulence, anorexia, and marked loss of weight. The stools were described as 
yellowish, abundant, fetid, either liquid or semisolid, with foam and mucus but no blood, 
and as occurring anywhere from twelve to eighteen times in twenty-four hours. 

His past medical history was irrelevant, except for the fact that he had been on a 
poorly balanced diet for a number of years. 

Physical examination revealed a short, poorly nourished, pale, cachectic, white man, 
who weighed only OS pounds. The tongue was red and smooth, showing the typical .ap- 
pearance of an atrophic glossitis. No aphtha was found. The rest of the examination, 
including the neurologic, yielded essentially normal findings. 

Roentgenologic studj- of the small intestine showed segmentation of the jejunum. 

Laboratory Examinations. — The stools contained the ova of hookworm. The glucose 
tolerance curve was flat and showed an increase of only 15 mg. per 100 c.c. Analytic find- 
ings in blood were as follows: nonprotein nitrogen, 23.3 mg. per 100 c.c.; urea nitrogen. 
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13 nip. per 100 i-liolo.'iti'rol, 120 nip. pnr 100 c.o.; jiliosplioru-s (inorpiinic), 4 nip. per 100 
C.C.; calciiini, S.6 nip. per 100 c.c.; ]ilif)S]i1i!it!niCy 1.7 Ilodnn.^ky units; van rlen Ilerpli reac- 
tion, delayed; total sernm protein, 5.S Gm. per 100 c.c. (albumin, 3.2 Gm. per 100 e,c.; 
plolnilin, 2.6 Gm. per 100 c.c.) ; icterus index, 9.2 per cent. 

Gastric analysis after stimulation with histamine was as follow.s: 


Fastinp 

First 

Second 

Third 

Fourth 


FREF, IiyDROClII.ORIC ACID ( ° ) 
0 
0 

60 

76 

44 


AVassermann and Kahn tests were nepative. Ilanper cephalin flocculation test was 
3 plus. Ko urobilinogen was found in the urine. 

-Analy.sis of the dry solids (1.5.5 per cent) of a stool sample was as follows: total fat, 
5S 6m. per 100 Gm.; free fatty acids, 43.5 Gm. per 100 Gm.; soaps, 1.9 Gm. per 100 Gm.; 
total split, 45.4 Gm. per 100 Gm.; neutral, 9.3 Gm. per 100 Gm.; unsaponified, 3.2 Gm. per 
100 Gm. 

Treatment . — This patient had never received liver extracts, yeast, or vitamin .supiple- 
mentation of his diet. He was placed on the preliminary sprue diet, high in carbohydrates 
and very low in animal proteins, and maintained on this diet throughout the expieriment. 
On Sept. 16, 1946, when oral therapy with a coneentrate of vitamin conjugate was 
initiated, the weight was 73 pounds and the hematologic findings were as follows: erythro- 
c.vtes, 1,320,000 per cubic millimeter; hemoglobin, 7.2 Gm. per 100 c.c.; leucocytes, 1,400 
per cubic millimeter; mean cell volume, 159 cn. Kn reticulocytes were observed. The 
sternal marrow showed 17.8 per cent megaloblasts. 

The concentrate of ^■itamin conjugate used in therapy was supplied by Dr. .1. .T. 
Pfiffner and had a labeled potency of 1.2 mg. of potential folic acid per cubic centimeter. 
Of the total solids, approximately 10 per cent was vitamin Be conjugate, and less than 0.01 
per cent was free folic acid. The concentrate was given orally in daily doses of 7 c.c., 
containing conjugated folic acid in an amount equivalent to about 8.4 mg. of free folic 
acid (2.3.2 mg. as pteroylhexaglutamylglutamic acid). 


Taie.e II. Hf.matoi.ogic Data OnT.vixin* in Patif.nt With Ki'ki’e* 


1 

HEMOGLOBIN | 

eeytiirocytes 

LEUCOrYTES 

RETICULO- 


(GR.\JIS PEP. 

( MILLION.^ 

(TIIOUS.VNDS 

CYTES 

Bate 

100 C.C.) 

per C.MJt.) 

PER C.MM.) 

(PEP. CENT) 


9/17/46 
9/18/46 
9/19/46 
9/20/46 
9/21/46 
9/22/46 
9/23/46 
9/24/46 
9/25/46 
9/26/46 
9/27/46 
9/28/46 
9/30/46 
10/ 1/46 
10/ 2/46 
10/ 8/46 
10/14/46 


8.7 
6.0 
5.2 

4.8 


5.8 

5.8 

5.0 

6.0 
6.4 
7.2 

6.8 
6.4 
6.6 
6.4 

•.s 


1.32 

1.06 

1.21 

1.13 

1.07 


1.27 

1.31 

1.56 

1.75 

1.86 

2.14 
1.95 

2.15 
2.02 
1.S9 
2.05 


1.4 
2.1 

2.4 
1.0 
0.9 


3.0 

1.7 

1.8 
2.4 
3.3 
4.7 
2.2 
.3J 

3.0 

6.0 
6.0 


0.0 

0.0 

0.0 

0.0 

1.4 

3.4 

14.0 
23.8 

28.4 

33.0 

30.4 

24.0 
23.8 
23.6 

20.0 

15.2 

9.4 

7.4 
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Roticulocj’tos began to appear in the peripheral blood on the fourth day of treat- 
ment (1.4 per cent); the following levelB were encountered subsequently: 3.4 per cent 
(fifth day), 14 jier cent (.sixth day), 2;t..S per cent (.seventh day), 28.4 per cent (eighth 
day). A reticulocyte peak of .’i.'t jier cent wn.s encountered on the ninth day of treatment. 
On the tenth day daily subcutaneous injections of 1 c.c. of purified liver extract (15 units 
per cubic centimeter) were begun. At this time the weight wa.s 73 pounds and the hema- 
tologic data wore as follows: erj’throcytc.s, 1,700,000 per cubic millimeter; hemoglobin, 
6.0 Gm. per 100 c.c.; leucocytes, 2,400 per cubic millimeter; reticulocytes, 30.4 per cent; 
and mean cell volume, 142 c^. The subjective and clinical improvement was even more 
evident in this imticnt than in the one who rcceb'cd the smaller doses of ptcroyltriglutamate. 

Four days after tlic institution of treatment, the ])nticnt felt better, his appetite had 
improved, the tongue showed newly formed papillae, and the stools had diminished in 
number and had improved in consistency. At this time the mcgnloblnsts in the sternal marrow 
were only O.G per cent. On the eighth day of treatment the stools became formed, and 
since then there have been only one or two bowel movements daily. 


tJKINAKY riNDINOS 

Studies of the uvinavj’ elimination of folic acid by normal human subjects, 
and by those -with various pathologic conditions, have shown tliat the daily 
excretion of the vitamin rarely exceeds 5 /tg and usually amounts to from 2 
to 4 fig, when the intake is restricted to ordinary dietary sources of the vita- 
min (and to the intestinal synthesis that presumably occurs). Oral or par- 
enteral admini.stralion of synthetic folic acid leads to a prompt augmentation 


Table III. Folic Acid Excretion in Urine of Patients With Trofical Sprue 


Patient M. Q. 
(Fermentation Folic Acid) 


Patient J. Q. 

(Conjugated Folic Acid of Yeast) 


PATE 

UniNE 

VOLU^tE 

(C.C,) 

L. CASH 
ASS.W 

(go./c.c.) 

OUTPUT OF 
FOLIC ACID 
(.MO./DAY) 

DATE 

UKIXE 

VOI4U^tE 

(c.a) 

L. CASEI 
ASSAY 
(/lO./C.C.) 

OUTPUT OF 

folic acid 

(MO./DAY) 




<0.0002 

9/15-16 

990 

0.0008 





<0.0002 

9/16-17 




— 




<0.0002 

9/17-18 

850 

0.0038 

0.0032 

6/22-23 

890 


<0.0002 

9/18-19 

880 

0.0015 

0.0013 

6/23-24 

1,560 


<0.0002 

9/19-20 

030 

0.013 

0.008 

6/24-25 

1,330 

0.31 

0.41 

9/20-21 

380 

0.180 

0.068 

6/25-26 

050 

0.85 

0.55 

9/21-22 

910 

0.051 

0.046 

6/26-27 

1,060 

0.42 

0.44 

9/22-23 

1,140 

0.031 

0.035 

6/27-28 

1,620 

1.06 

1,71 

9/23-24 

1,280 

0.042 

. 0.054 

6/28-29 

1,150 

0.80 

0.92 

9/24-25 

1,020 

0.147 

0.150 

6/29-30 

2,440 

1.50 

3.66 

9/25-26 

1,690 

0.189 

0.32 

6/30-7/1 

2,920 

0.44 

1.28 

9/26-27 

1,280 

0.30 

0.38 

7/ 1-2 

2,820 

0.60 

1.69 

9/27-28 

1,850 

0.50 

0.93 

7/ 2-3 

2,420 

0.61 

1.47 

9/28-20 

1,570 

0.95 

1.50 

7/ 3-4 

3,270 

0.41 

1.34 

9/29-30 

1,720 

0.66 

1.14 

7/ 4-5 

1,460 

4.90 

7.15 

9/30-10/1 

1,510 

0.48 

0.73 

7/ 5-6 

2,460 

2.96 

7.28 





7/ 6-7 

2,140 

0.84 

1.79 





7/ 7-8 

2,000 

0,41 

0.82 





7/ 8-9 

2,520 

0.0008 

0.002 






Patient M. Q. was given intramuscular injections of fermentation fol'c acid, equivalent 
to 3 1 mg. of free folic acid, beginning June 24 and continuing tlirough July 7. 1946 (14 in- 
jections). In addition, injections of liver extract (1 c.c. daiiy, containing 15 units) were 
begun on July 4. , , » 

Patient J. Q. was given daily oral doses of the conjugated folic acid of yeast, equivalent 
to 8 4 mg. of free folio acid, beginning September 16 and continuing through Sept. 30, 1946 
(15 doses). In addition, injections of liver extract (1 c.c. daily, containing 15 units) were 
begun on September 26. 

Additional essays with Str. Saecalis were carried out on -all samples of urine obtained 
from one natient (M. Q.) and on several samples of urine from the other patient (J. Q.). The 
ossav values found were in all cases in close agreement with those obtained with L. oasei, ^ 
ofronmstance which indicates that the microblologlcally active material in the urine of both 
patients was free pteroylglutamic acid. 
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of the amount of the vitamin in the urine and, depending on the size of the 
dose, to an .elimination vithin tAventy-four hours of from 15 to 75 per cent 
of the administered material. A normal subject given vitamin Be conjugate in- 
tramuscularly, in an amount equivalent to 1 mg. of free folic acid, on each of 
two successii’e days, excreted 8.3 per cent in the urine as the free I'itaniin; 
the same individual excreted 16 per cent Avhen daily doses of 1 mg. of synthetic 
folic acid were given intramuscularly. On a dosage regime of about 10 mg. 
daily, either orally or parenterally, the excretion of the free Autamin in the 
urine usually ranges hetAveen 35 and 50 per cent. 

In Table III data are presented on the urinarr excretion of free folic acid 
by the patients AA'ho Avere gh’en fermentation folic acid and the conjugated 
folic acid of yeast, respectively. Although only those data obtained AA-ith L. 
casei are presented in the table, duplicate analyses Avere nin AA-ith Str. faecaJis 
(Sir. Jactis R) on all urine samples obtained from the patient given fermenta- 
tion folic acid and on occasional urine samples from the patient gfr-en the 
heptaglutamate. The very close agi-eement obtained through the use of the 
tAvo organisms made it clear that the mierobiologieally aetiA'e material present 
in the urine of both patients Avas pteroylglutamic acid. Treatment of the 
urine Avith preparations of conjugase gaA-e no eA-idence of the presence in 
the urine of any conjugated forms of folic acid. The conjugases used exerted 
their expected activity Avhen their effect on added conjugate Avas tested in the 
pre.senee of urine from the patients studied. 

DISCUSSION 

It is of interest to comment on the remarkably small amount of folic acid 
excreted, prior to therapy, in the urine of the patients on the preliminary 
sprue diet. In one of these patients (M. Q.) the amount of folic acid excreted 
■"■as beloAv that AA-hich could be determined by the microbiologic method em- 
ployed; in the other patient (J. Q.) the amount of A-itamin excreted (0.8 fig.) 
on one day AA-as considerably smaller than is usually encountered in the urine 
of human subjects. A level of excretion of folic acid, beloAv that easily de- 
termined, has also been observed in another patient Arith spnie on the same 
diet. It is not claimed that these unusually small amounts of urinary folic 
acid are necessarily characteristic of sprue since they may reflect the very 
small amoimt of the Adtamin in the diet, but this diet is characteristic of that 
employed by those among Avhom sprue is found. Additional studies of the 
intake and excretion of folic acid of individuals in areas Avhere sprue is en- 
countered are greatly needed. 

The data presented in Table III clearly indicate that pteroyldiglutamyl- 
gUitaniic acid served as a source of free folic acid in the patient Avith sprue 
(^1. Q.) treated AA’ith this conjugate. HoAA-ever. the urinary excretion of the 
tree Aitamin Avas appreciably less during the first three days of therapy than 
on any of the subsequent days AA'hen the triglutamate Avas administered, a 
circumstance Avhieh suggests that retention Avas more marked AA-hen the need 
v-as greatest. 

Particularly striking, hovrever, is the relatively enormous excretion of 
^““Aaoid that occurred during the first days of therapy Avith liver extract. 


1302 


suAnnz, wki.ch, iikinw:, suakkz, ,jr., and nkdson 


II should he 7 )oiuted out that Ihe dail 3 >- dose (1 c.c.) of liver extract employed 
contained less than 0.001 nip. of niierobiologically detcnninahle folic acid, even 
after treatment u-ith enzymes hnowji to release the vitamin from its polyglu- 
tamates. Also, several investiprators have .shown that purified liver extracts 
comimrable to this material exert no favorable effect in chiclc.s, rats, or mon- 
keys made deficient in folic acid, In view of thp results previously mentioned, 
indicating- that many patients Avith pernicious anemia are unable to utilize the 
con.iugated folic acid of yeast, it seems po.ssiblo that a factor of the liver e.x- 
ti’aets, presumably' the factor concerned xvith the maturation of eiythrocytes. 
markedly' affected the metabolism of fermentation folic acid or of tissue com- 
plexes formed as a result of its administration. Since the patient Avas giA'en 
daily doses equivalent to only 3.1 mg. of free folic acid, an excretion of over 
7 mg. on each of tAA'o successive day's suggests that stores of conjugated ma- 
terial Avere broken down to free folic acid much more rapidly' than AA'as the 
case prior to therapy Avifh liver extract, although other explanations mu.st bo 
considered. This patient previou.sly' had received intermittent injections of 
liA'er extract, the last dose liaA'ing been gh'cn only fourteen day's prior to the 
first dose of fermentation folic acid; further, the presence of hydrochloric 
acid in the stomach is proof that achy'lia gastriea did not exist. The presence 
of a macrocytic anemia that responded to therapy demonstrates that during 
the pre-treatment period the patient failed either to absorb or to synthesize 
adequate amounts of the erythrocyte maturation factor. These data strongly 
suggest that the metabolism of this conjugate of folic acid in sprue is altered 
significantly by the administration of large doses of a liver extract high in 
antipernicious anemia activity and itself effectiAm in the treatment of sprue. 
Since this patient had recently been giA'cn injections of liver extracts, if will 
lie necessary' to study a Jiiflierto untreated patient in order to demonstrate 
liey'ond question that fermentation folic acid can he utilized in sprue Avithout 
the participation of exogenous factors of liA-er extract. It mil he necessary 
also to shoAV that therapy Avith liA'cr extract, after a preliminary period on 
sy'iithetic folic acid alone, does not angment ihe urinary' excretion of folic acid. 
Preliminary data obtained in patients Avith pernicious anemia do not indicate 
that liA'er extracts haA’e such an effect. 

It is not easy to interpret the findings in the patient AA'ith sprue (J. Q-) 
given pteroylhexaglutamy'lglutamic acid. HoAvever, one observation of con- 
siderable significance may be made, namely, that a .striking clinical response 
AA'as obtained AA'ith this conjugate, Avithont urinary evidence for the cleaA'age 
of other than small amounts of the poly'glutamate into free folic acid. The 
degree of reticnlocytosis observed at the peak Avas maximal for the initial 
erythrocyte count of 1,320,000 per cubic millimeter of blood. It Avill be noted 
that on the seA'enth day, Avhen the reticulocy'tes had already risen to about 24 
per cent, the urinaiy excretion of folic acid AVas only' about 54 micrograms. 
IVliether these findings indicate that the conjugate was being utilized as such, or 
that the folic acid released from the conjugate was unusually aa'cH retained, can- 
not noAV be decided. That the components of the concentrate Avei'e pooily ab- 
sorbed from the gastrointestinal tract is po.ssible; hoAvever, the prompt and strik- 
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ing improvement in tiie ciinicai and hematologic condition of the patient, result- 
ing from oral therapy Avith the conpigate, indicates that absorption Avas probably 
quite complete. 

PolloAA'ing the parenteral administration of In'cr extract, in addition to 
oral dosage A\’ith the concentrate of heptaglutaniate, urinary excretion of folic 
acid increased markedly, although not as promptly or as strikingly as in the 
patient giA'en fermentation folic acid. In fact, from the data aA'ailable, it is 
not possible safely to attribute the marked increase in folic acid excretion 
during the last four days of the experiment, entirely to the effect of the liA’er 
extract on the inetaholism of the conjugate. The progressive increase in the 
daily excretion of free folic acid, Avhich Avas obsem'ed prior to the adminis- 
tration of liver extract, suggests the possibility that the later effect might 
have occurred in the absence of the Ih-er factor. In the light of other obser- 
vations, hoAvever, it appears more likely that a factor of highly purified liver 
extract, presumably the erythrocyte maturation factor, influenced the ability 
of this patient Avith sprue to release folic acid from the conjugate of yeast or 
from complexes stored in the tissues. If such an assumption is justified, it 
follows that one of the biochemical defects resulting from a deficiency of the 
erythrocyte maturation factor may be an abnormality in the derivation of 
folic acid from its conjugates; it is possible that this abnormality may lie in 
the mechanism through Avhich the body copes Avith inhibitors of the enzymes 
tesponsihle for the release of the A-itamin from its naturally occuri'ing com- 
plexes. A defect of this type could be either partial or complete, possibly 
reflecting the fact that variable degrees of deficiency of intrinsic factor and 
probably of erythrocyte maturation factor are encountered. 

SUMMARY 

Following the parenteral administration of fei-mentation folic acid (pteroyl- 
diglutamylglntamic acid) in a dose equiA-alent to 3.1 rag. of pteroyl glutamic 
(fohc) acid daily, the clinical and hematologic manifestations of sprue 
Avere rapidly and .strikingly improved in a patient preA'iously treated Avith 
liver extracts. Urinary studies shoAved that the patient excreted, prior to 
treatment, amounts of the free A-itamin significantly loAver than those usually 
encountered in normal subjects or those Avith pernicious anemia. Adminis- 
tration of the conjugate caused the elimination in the urine of free folic acid 
in an amount indicatina: that a very large proportion of the conjugate AA-as 
converted in A-ivo to the free vitamin, although the amounts excreted during 
the first three days of therapy suggested that gi’eatcr retention occurred when 
the need Avas greatest. When purified Ih-er extract free of folic acid Avas 
administered, in addition to fermentation folic acid, a remarkable increase 
in the urinary excretion of free folic acid occurred, a leA-el of approximately 
< nig, daily Avas maintained for tAvo days, a circumstance Avhich suggests that 
the erythrocyte maturation factor may he concerned AAith the release of stored 
complexes of folic acid or that in some other manner it affects the metabolism 
of folic acid. 



1304 


SUAHi:Z, WELCH, HEINLE, SUAREZ, JR., AND NELSON 


Oral administration of a concentrate of vitamin Be conjugate (pteroyl- 
hcxaglutamylglutamic acid) of yeast, in daily doses equivalent to 8.4 mg. of free 
pteroylglutamie (folic) acid, caused rapid clinical improvement in a patient 
with sprue given no ])i’evious treatment with liver extract.s, yeast, or vitamins. 
The reticulocyte response was maximal for a patient with an initial erythro- 
cyte count of 1,320,000 poi' cubic millimeter. Urinary studies showed at first 
only small increases in the excretion of the free vitamin, altliongli the amount 
gradually increased to 0.32 mg. on the nintli day following initiation of 
therapy. "Whether tlie .small amounts excreted arc indicative of utilization of 
tlie conjugate as such, or whetiicr they suggest an unusually marked retention of 
free folic acid released from tlie conjugate, cannot lie determined at present. 
Poor absorption is unlikely in view of the prompt and striking clinical and 
hematologic improvement observed. FolloAving the administration of purified 
liver extract (free of folic acid), in addition to tlie conjugated vitamin, the 
daily urinary elimination of folic acid Avas increased to 0.93, 3.50, and 1.14 mg., 
respectively, on the second, third, and fourth days of additional therapy Avith 
the Ih'cr extract. Although these findings do not offer conclusive cA'idence, 
they strongly indicate that augmentation of the urinary elimination of free 
folic acid resulted from an effect of a component of ])urificd extracts of liver 
on the metabolism of this naturally oecuiTing complex of folic acid or on 
tissue complexes stored as a result of thermpy Avith the conjugate. 
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SULFACARBOXYTHIAZOLE: ABSORPTION, 

AND THERAPEUTIC RESULTS IN BACILLARY DYSENTERY 
ANY) NONSPECIFIC DIARRHEA 

Harold L. Hirsh, IM.D., Thorval L. Hickaian, M.D., Leaahs K. Saa-eet, M.D., 

AKD Harry P. Doaa'UKG, YI.D. 

Washestgtox, D. C. 


T'HE suHonamides liave been classified as absorbable or poorly absorbable, 
i. depending upon whetlier or not they pass througli the gastrointestma Ava 
following oral administration. Poorly absorbable sulfonamides maj be ^perior 
to those which are more readily absorbed in the treatment of enteric actions 
caused by sulfonamide-sensitiA’e bacteria and for the preparation of patients 
who are to xmdergo boAA-el surgery for tAVo reasons: first, the poorly ahsorbahle 
sulfonamides are present in high concentrations AA-ithin the intestines and, seeon , 
most of the systemic toxic reactions are aA-oided Avhen the poorly absorbable 
compounds are used. 

Sulfacarboxythiazole (2-sulfanilamido-5-cai’boxysulfatliiazole) is a re- 
cently SAmthesized compound in AA’hich a carboxy group is substituted on the 
thiazole ring of sulfathiazole. It differs from preA'iously synthesized poorly 
absorbable sulfonamides such as succinylsulfathiazole and phthalj sulfathiazole 
iu that these latter drugs are made by the substitution of either a succinyl or 
phthalyl radical on the para-amino group. The actiArity of these drags is de- 
pendent on their breakdown in the bowel to sulfathiazole, this being accomplished 
in the case of sulfacarboxythiazole by decarboxylation and in the case of the 
other two compounds by hydrolysis. Wlien determinations for sulfacarboxythia- 
zole are made on blood, feces, and urine, the designation ‘ ‘ free drug denotes the 
amount of sulfathiazole and sulfacarboxythiazole present. The designation 
“total drug” indicates the quantity of free drug plus the amount of the con- 
jugated or hound form. The latter form of the drug consists of aeetylsulfathia- 
zole and acetylsulfacarboxythiazole. 

Poth and Ross’ have shoAA-n that phthalysulfathiazole in one-half the dosage 
Avas as effective as succinylsulfathiazole in the alteration of the coliform flora 
of the boAvel of man. In equivalent doses the tAvo drugs gave similar low blood 
concentrations (1 to 1.5 mg. per 100 c.c.) Avith 10 per cent of the succinylsul- 
fathiazole recovered in the urine, while only 5 per cent of the phthalylsulfa- 
thiazole Avas similarly recovered. "White and associates- found sulfacarhoxj*- 
thiazole to he similar to phthalysulfathiazole Avith respect to solnhUity, ahsoip- 
tion, and in A-itro bacteriostatic action against dA’sentery bacilli. Other studies-"* 
have shoAvn sulfacarboxythiazole to he poorly ahsorbahle, equally as bacterio- 
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.stniie as siilfaguanidiiie in vili-o and in vivo, as well afi. nontoxic in man and 
animals. TJiese prcliniinarv data ivan-antod a clinical study of this dni" the 
results of vliicli we arc rojiortiinr in this jiapcr. 

• - , 

AIISOIM-nON AND KNCRCTION 

Sixty subjects wen; given sulfacarboxythiazole in doses varying from 0.1 
to 0.5 (Jm. per kilogram of body weight jicr day for jieriods of three to fifteen 
days. The total daily dose was calculated for each subject. Onc-half of this 
amount svas given initially, followed by r)ne-.sixtli at four-hour intervals. The 
free and total blood sulfonamide concentrations were determined daily hy the 
method of Bratton and Jlarshall.'' Blood was taken for this purpo.se twenty-five 
to twenty-seven horn's after the initial dose of sulfacarboxythiazolc had been ad- 
ministered and at twenty -four hour intervals tliereaftcr. Blood was obtained 
from two of the subjects four lioui's after sulfacarboxyf hiazole had been ad- 
ministered, and the drug wa.s found to be pre.scnt at that time. 

Since the free and total concent rat ions were c.s.sentially the same in over 
90 per eent of the determinations, only the total values arc recorded. Among 
the few instances in wliieh the conjugated form was ])rcscnt in significant 
amount.s, it was never found to comprise more than 3.9 per cent of the total 
amount of the drug present. In T’ablc I arc listed the range of the total blood 
concentrations found for each do.sage .schedule. Ninety per cent of the blood 
concentrations were le.ss than 1 mg. per 300 c.c., although concentrations os 
high as 2.7 and 4.3 mg. per 300 c.c, were observed in isolated instances. There 
was no relationship between the duration of treatment and the height of the 
blood. concentrations. In several subjects the highest concentrations were found 
after two or three days of treatment, whereas lower concentrations occurred later 
in the course of the study. In general, liiglicr blood concentrations were found 
in the gi’oup of subjects who received the larger doses. Traces of the drug were 
found in the blood for one to three days after the drug had been discontinued. 

Pour subjects, two of whom had bacillary dysentery and two of whom 
were healthy individuals, were given sulfacarboxythiazole for 40 to 332 liours. 
The total daily dose was calculated on the basis of 0.25 Gm. per kilogram of 
body weight. This Avas dii-ided into six ecpial doses which were given at four- 
hour intervals. The initial dose Avas onc-half the total daily dose. No restric- 
tions Avere placed on the intake of food and tluid on any of the subjects, except 
that the patients with dysentery Avere maintained on a liquid diet for the fir’s! 
twenty-four hours. Before the drug Avas administered each subject cA'acuated 

Table I. .Blood Concentrations Folloavino Adsii.nistration of A'^arious Dosages of 

' SULPACABBOXYTIIIAZOLE 


dosages 

(om./kg. of body aveight) 


BLOOD LEVELS 
(MO./lOO C.C.) 


NUMBER OF ' 
DETCR.MINATTON.S 


0.10 

0.20 

0.25 

0.50 


0.00 to 1.2 
0.45 to 1.0 
0.16 to 4.3 
0.27 to 2.7 


ss 

7 

S 


suiirACAunoxyTiiiAZOLr, 
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T\R!r II \.M0VN-TR or Suia'Acariioxythiazoix Ex-cretep tx- Fecfx and Urines of Human 
S uiurcTS roi,T.o\vix'r. Or.\i. Apministf.vtion 


Part I 

\ 

PVY 

OF 

r.PsWis 

\PMtN- 

(.R.\MS r.FCO\ERFD 


FFCFS 

URINE 

Si KJFCT 

STun\ 

isTKi:f I) 

rr.EE 1 

TOTAL 

tREE 1 

TOTAL 

H. I). 

1 

IS 

15.0 

15.0 

0.(i3 

0.72 


o 

<» 

9.0 





3 


n.72 


0.10 

0.13 


4 







0 





0.28 

B. 0. 

1 

13 

9.4 


0.50 



o 

15 

14.4 


0.65 



3 

15 

10.9 

10.9 

0.60 

0.69 


■1 

5 

5.5 

5.7 

0.30 

0.39 


0 






IV. P. 

1 

12 

0.S9 

0.89 

0.21 

0.227 


2 

IS 

13 5 

13.9 

0.3.5 

0.44 


.3 

IS 

11.2 

11. .3 

0.35 

0,40 


■i 

IS 

10.7 

16.8 

0.34 

0,40 


5 

12 

12.1 

12.1 

0.28 

0,35 


0 


12.0 

12.61 

0.10 

0,21 




0.01.3 

0.018 

0.03 

0.035 


s 




0.013 

0.015 

G.L. 

1 

22 

Mo stool 

Mo stool 




2 

24 

22.0 

22.2.3 




. 3 


20.0 

20,0 

0.4 

0,7 


•i 


0.1 

0,1 

0.3 

0,4 


5 





0,1 


Part ir 


SUBJECT 1 

ll. I). 1 

B, Oc 

1 W. D. 1 

G, L, 

Kecovered from fere'. 

Grams free 

24.72 

40.278 

60.363 

42.10 

Grams total 

24.72 

41.678 

67.168 

42..S3 

Per cent of administered 

91.53 

83.35 

86,11 

92.06 

drug 

Per cent conjugated 

0 

3.4 

0„9 

0.5 

B. lieco'crcd from unne 

Grams free 

1.290 

2.095 

1.7,33 

2.34 

Grams total 

1.598 

2.347 

2.077 

3.27 

Per cent of administered 

3.92 

5.10 

2.66 

7.11 

drug 

Per cent conjugated 

19.5 

17.7 

16.5 

22.3 

I{eco\ercd from feces and 
urine 

Grams free 

26.010 

42.373 

68.296 

44.64 

Grams total 

2G..318 

44.225 

, 69.243 

4.3.62 

Per cent of administered 

97.47 

88.45 

99.17 

99.17 

drug 

_ Per rent conjugated 

0.79 

4.4 

• 1-.3 

2.1 


Ill’s liowcls and i)laddoF, The lolal daily stools and UFines were eollected there- 
after and analyzed for free and total sulfonamide eonlenl until the drutr was no 
lont'cr detectable in the excreta, 

Tlie technique of these determinations uas as follows: The total dailr 
feces were emulsified in 1.000 to 2.000 c.c. of taj) water and filtered .several 
times thronqh cotton canze. An aliquot portion was diluted anywhere from 
1:3 to 1:500 with tap water dependin'; on the concentration of sulfonamide 
anticqinied This solution was tested for its sulfonamide content by the method 
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of Bratton and ^Marshall.'' Apjiropriatc dilutions of samples of the total daily 
urine were similarly analyzed for their sulfonamide content. 

The results of the excretion studies on each subject are shown in Table 11, 
Although most of the drug was excreted during the coui'se of administration, 
detectable concentrations were found in the excreta for two or three days after 
sulfacarboxythiazole had been di.seonfinued. Tlie percentages of the drug re- 
covered in the stools were between 83.4 and 92.1 per cent, of whicli 3.4 per cent 
or less was in the conjugated form. In the urines the amounts recovered varied 
from 2.7 to 7.1 per cent, with 1G.5 to 22,3 per cent occurring as the conjugated 
form. The total amounts recovered from both cxcrctii ranged from 88.5 to 99.2 
per cent of the amounts administered. The blood concentrations arc reported 
in Table I. 

BACTKRIOLOOIC STUDH:.? 

As part of the investigation of sulfacarboxythiazole, a study of its anti- 
bacterial activity on the intestinal flora of twenty subjects was made. The 
number of colonics of coliform organisms was used as an index of the intestinal 
population. Either the total amount of feces passed in twenty-four hours or a 
single specimen was weighed and then suspended in 1,000 to 2,000 c.c. of sterile 
isotonic salt solution. A series of tenfold dilutions were then made of this 
suspension. These diluted specimens were mixed in pour plates with tryptose- 
phosphatc agar containing 5 mg. per 100 c.c. of para-aminobenzoic acid. The 
plates were incubated overnight at 37° F., after which time the colonies were 
counted and the number calculated for each gram of feces. The number of 
coliform colonics per gram present on the day treatment with sulfacarboxy- 
thiazole was started and thereafter, including the first few days after treat- 
ment had been discontinued, are shown in Table III. In each instance a control 
culture taken the day before treatment revealed innumerable colonies of cob- 
form organisms. 'Within twenty-four hours there was considerable decrease in 
the number of colonies. Thereafter the cultures were sterile or only occasional 
colonies were observed, until the drug was discontinued, after which the coli- 
form population steadily increased. 

CLINiaVL STUDY 

Fifty patients with diarrhea were treated with sulfacarboxythiazole. 
Shigellae were isolated in thirty patients and salmonellac in two, and in the 
case of eighteen patients the causative organism was undetermined. Forty 
patients were below the age of 12 years; the other ten were between 22 and 54 
years of age. There was no evidence of any other disease in anj^ of the patients 
in this series. The total daily dose employed for the children was calculated 
on the basis of 0.1 Gm. per kilogram of body weight. Tlie initial dose was 
equivalent to one-half the total dailj’^ dose, and tliereafter the calculated dose 
was divided into six doses administered every four hours. The only other thera- 
peutic measures employed were restriction of diet and administration of fluids 
parenterally when necessary. 




Innumnriiblo colonios. 
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Tabu; IV. Kbsubtr or Suia'acabboxytiiiazou; Tiibbaba- ik Vutv Patibst.s With DiAKniiCA 


CAUS.ATIVK 

OROA^•r.‘?.^r 


XUM- 

liiin 

or 

PA- 

TIR.VTS 

DAY or rnr.AT' 

Ml'.XT OK 
U'HICn KfrCTAh 
cnr>Tuiu:s jtr- 
CAMK rnrxor 
rATiiora:Ks 

HAY or 'rnrATMKKT 

D.v wincu WAnmiKA 

ABATHD 

DAY or TflEAT- 
MKNTOX AVIHCll 
r.ATIEXT.S 
hbcamf: AFErirai.E 

I 

n 

o 

4 

.SO 

DIAI:- 

mif.’A 

I 


n 

.S'O 

SI’OXSK 

AFKIJ- 

nif.f: 


2 3 


Kliigclla dy.scntcriao 
FIcxner 
Nowcastip 
Somic 

Sahnoncllae 

Unidentified 


17 i;{ 1 :i 

s •( I ;t 

r> .-! 1 1 

2 1 1 

IS 


<> S 2 1 

1 (! 1 

1 2 

•> 

1 1 S 1 1 


.S 11 2 1 

3 3 

1 4 

1 1 

.( 12 1 1 


The I'osiills of llie iKliiiiiiist ration of sull’aciirhoxylhitiy.olc in tiu'se lilt.'’ !>“>' 
tionts are sliown in Tnl)le IV. In tiir •'ronp with siieeilic infeetions, the causa- 
tive ovgimisin could no longer he cultured froin the stools after the foiirlh day 
of treatment and tlirongiiout llie observation jieriod of one to two weeks after 
treatment had been discontinued. Of tlie forty-six jiaticnt.s who had diarrhea, 
forty were free of tin's .symptom by llic fifth Irejilmcnt day. For the other si-v 
patients the treatment was eonsidcred a failui'c because the diarrliea pei'sistcd 
in spite of the fact that sulfacarboxythiazole was administered for eight days. 
It is of interest, however, that tlie stools of foiir of the patients in the latter 
group contained pathogenic oi'ganisms before tlierapy was started and tlicse 
organisms had disappeared from the stools by tlie fourth day of treatment. All 
of the thirty-eight patients wliose temperatures were 09° F. or higher at the 
time treatment was begun were afebrile by the fourth day. 


TOXICITY 


Among the sixty persons Avho received the drug, si.\- developed toxic reac- 
tions. Four patients developed diarrhea. Three of these Avere receiving amounts 
totaling 0.5 Gm. per kilogram of body weight per day and the other patient 
0.25 Gm. per kilogram of body iveight per day. The diarrhea stopped Avhen 
the doses ivere decreased. One patient devclojied nausea and vomiting following 
the ingestion of the initial dose consisting of 14 tablets (7 Gm.) or 0.25 Gm. 
per kilogram of body Aveight. The si.xth patient dcA’clopcd a nodular ra.sli similar 
to those Avhieh occur folloAving the administration of sulfathiazolc. TJic rash 
disappeared promptly after the drug AA’as discontinued. 

No abnormal findings AA'ore obserA'cd in the blood or urine of any of the 
subjects, although these Avero examined at frequent intervals during the course 


of study. 


DISCUSSION 


Sulfacarboxythiazole is a poorly absorbed rather than a completely non- 
absorbable sulfonamide compound. In a series of 105 determinations, only 
occasionally Avas the total of the free and aect3-lafed drug above 1 mg. per 
100 cubic centimeters. Sulfacarboxythiazolc Avas recovered from the urine of 
.several subjects in amounts up to 7.1 per cent of the total amounts administered. 
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Additional evidence that suli'aeavijoxj’tliiazole was occasionally absorbed in sig- 
nificant amounts was tlie nodular I'ash which was observed iu the ease of one 
patient. From these studios it appears, however, that almost all the drug is 
available in the active form in the bowel, since less than 3.4 per cent of the 
amounts recovered in the feces were in the conjugated fomi. 

The results of this study of the absorption and excretion of sulfacarboxy- 
thiazole are consistant with those reported by Harris and Finland," These 
investigators found that blood concentrations were usually below 1 rag. per 
ICO c.e. but that concentrations up to 2 mg. per 100 c.c. were occasionally 
obseiTcd. Whereas amounts of S3.4 to 92.1 per cent of the drug were recovered 
in the feces of our patients, Harris and Finland® found only 54.6 to 82.9 per 
cent. Furthermore, the amounts which they demonstrated in the urines of 
their group of patients were higher, 9 to 23 per cent, in comparison to recover}’ 
amounts of up to 7.1 per cent in our series. In both series only small amounts 
of the conjugated form of the drug were present in the feces. 


Table V. Eesclts of Sulfadiazixe Therapv ix Fiftv Patiexts With Diaerhe.v 


CAUS.VnVE 

ORGAXISM 

XtntBER 

OF 

PATIEXT.= 

DAY OF TRE-\TMEXT I 
OX WHICH 
RECTAL CULTURES 
BECAME FREE OF 
P.VTHOOEXS 1 

DAY' OF TPmATMEXT j 
OX WHICH DIARRHEA 

AB.VTED 1 

D.VY or TREATMEXT 
OX WHICH 
PATIEXTS BECAME 
! AFEBRILE 

1 

2 

3 

4 1 

1 

2 

3 

4 

xo 

RESPOXSE 

i . 

1 VFEBRILE 

1 

2 

3 

SUigella dvsenteriae 















Fle.\ner 

24 

15 

0 

2 

1 

10 

8 

1 

3 

2 

4 

12 

6 

2 

Newcastle 

8 

G 

1 

1 


7 


1 



6 

1 

1 


Sonne 

3 

2 

1 



1 

1 

1 



1 

2 



Unidentified 

15 





4 

4 

3 

2 

2 

5 

6 

2 

2 


SuKaearboxythiazole has been found to be satisfactory in the treatment 
of fifty patients with diarrhea. The results of treatment in this group were 
compared with the results (Ta)fie Y) observed in fifty patients with similar 
illnesses who were treated with sulfadiazine prior to the period tliat sulfacar- 
bo.xytliiazole was employed. Stool cultures became negative vithin four days in 
both groups. Ninety-two per cent of the sulfadiazine-treated patients were free 
of diarrhea by the fourth treatment day, while 87 per cent were similarly im- 
proved when treated with sulfacarboxA-thiazole. This difference is not considered 
significant. Pour sulfadiazine-treated and six sulfacarljo.xA-thiazole-treated pa- 
tients continued to have diarrhea with negative stool cultures even though the 
drug was continued for eight days. Of the failures in the latter group, four 
improved on a course of sulfadiazine, although two of these patients had not 
responded at first to this ding. Sulfadiazine was ineffective in the two remain- 
ing jmtients who liad failed to improve when they were given sulfacarbox}-- 
thiazolc. All patients in both groups who had elevated temperatures at the time 
treatment was started were afebrile within three days. 

The only other clinical evaluation of this sulfonamide was reported bv 
Harris and Finland.® They noted prompt recovery in five patients with dvs- 
entory foiiowmg tlic administration of sulfacarboxythiazole. 
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In anticipation of tlic use of snlfaearhoxytliiazolc in tlic preparation of 
patients for bowel surgery, stool cultures on plain agar plates were taken claik 
on twenty subjects. The proinjit di.sappcaranco and continued ab.sence of most 
of the intestinal flora from tlie stools wliilc llie drug was continued would make 
it appear that the drug is efTeetive as an intestinal anli.scpfie, 

SUJDIAUY AND COXCnU.SIONS 

1. Sulfacarboxythiazole (2-sulfanilamido-r)-carboxylhia/.olc) is a poorly ab- 
sorbed sulfonamide when given orally. lilood coneent rat ions were usually below 
1 mg. per 100 cubic centimeters. The excretion of tlie drug in the stools varied 
between 83.4 and f)2.1 jier cent of the amount ingested, wliile the urinary excre- 
tion ranged from 2.7 to 7.1 per cent of the oral do.se. 

2. Sulfacarboxy t hiazole gave satisfactory results in forty-four out of fifty 
patients with diarrlica. The results of tliis treatment compare favorably with 
the results of sulfadiazine therapy in a similar group of fiftj' patients. 

3. Six ])alients developed toxic reactions from sulfacarboxythiazolc. Gas- 
trointestinal symptoms developed in five patients, in four of whom the large 
doses administered were undoubtedly responsible. A sixth patient developed a 
nodular skin rash. 

4. Sulfacarboxythiazolc appeal's to be a useful sulfonamide in the treat- 
ment of enteric infections caused by sulfonamide-sensitive bacteria and de.sorve.s 
a trial in the preparation of iiatients who arc to undergo bowel surgery. 

tVe wish to thtinh Mis« C. Barbara O’Neil for teclinical ns.'-i.^lanre. 
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THE CONCENTRATION OF STREPTOMYCIN IN DOG BILE 

.Martix Gutjiaxn*, M.S., Richard Trockman*, ]M.D,, and A. C. Ivy, M.D., Ph.D. 

Chicago, Ilh. 

S TREPT0]HYCIN has been found to be effective against the intestinal types 
of microorganisms, including Escltcrichia coU, and the dysenteiy and tjphoid 
organisms. 

Eeimann, Elias, and Priee’^ and the Committee on Chemotheiapeutic and 
Other Agents of the National Research Council* have used streptomj cin in the 
treatment of patients vith typhoid fever. No evidence ivas obtained proving 
that the duration or mortality rate vas influenced because too few cases vere 
studied. 

Rutstein and associates^ studied the effect of streptomycin on tiiree tjT)boid 
carriers. They found that 150,000 units given intramuscularly every three hour’s 
produced effective blood levels but did not affect the tj-phoid bacilli in the stool. 
Following the oral administration of 31,000 units every tliree hours, a definite 
transitory bacteriostatic effect on the typhoid bacilli in the stool was obtained. 
Tj-phoid bacilli grow well in bile, and organisms remaining in the gall bladder 
and in the bile may be responsible for the carrier state. However, Rutstein and 
his associates did not simultaneously use the oral and parenteral routes of ad- 
ministration. 

The results of studies on the e.verction of streptomycin in the bile of tlic 
rabbit and the human patient have been reported. Stebbins, Graessle, and 
Robinson* found that rabbits excreted from 5 to 10 per cent of intravenously 
administered streptomycin. Zintel and co-workers'" gave 600,000 units in- 
travenously to two human patients and obtained streptomycin levels in the bile 
of 8 units per cubic centimeter. Heilman and associates® gave one patient 100.000 
units intramuscularly everj* three hours for five days. They obtained bile con- 
centrations as high as 13 units per cubic centimeter. The serum level at the 
same time was 6 units per cubic centimeter. It was concluded that the liver 
could concentrate the drug. Zaslow," in a preliminary report, administered 
streptomycin to patients before cholecystectomy and obtained considerable 
amounts of the antibiotic in gall bladder bile, if the cystic duct was patent. In 
the case of an obstructed cystic duct, no streptomycin was foimd in the gall 
bladder. Even though the drug remained in the gall bladder for a considerable 
length of time, he found no emdence of absorption or concentration. In intra- 
hepatic and in obstructive jaundice, no antibiotic agent was excreted in the bile. 
In patients rrith normal livers, considerable amounts of streptomycin appeared 
in the hepatic bile; however, the level of streptomycin activity in the bile was 
less than that in the blood, indicating that the liver did not concentrate this anti- 
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hiotie a‘>:ent. ZasIo\v did not, liowcvcr, adininistc'v siiffioicnl streptomycin to pro- 
duce a liigh level in lire senuii and bile. 

In this investigation ve attempted to answer the following questions: 
(1) Can high levels of streiUomycin be obtained in hejratic bile? (2) Can high 
levels of streptomycin be obtained in gall bladder bile ? (3) Is streptomycin con- 
centrated by the normal gall bladder? 

EXUKUtMKNTAI, 

Five dogs wore anesthetized with pentobarbital. The common bile duet was 
cannnlated, and the cystic duct was clam])cd off. 

During the coiU'sc of twenty minutes, stre])lomycin was given by intravenous 
drip in amounts ranging from 187,000 to 375,000 units. In Table I are given 
the results for a typical dog. 

In an attemirt to aseertaiti whether the liver would concentrate the drug, one 
dog was treated similarly, and simultaneous blood and hepatic bile levels were 
obtained. The results arc .shown in Pig. 1. 


D06B-I2 37 5000 u STR^mM\CIN 



HOURS Afm administration 

Fig. 1, 

The concentration of streiJlomycin in gall bladder bile was investigated in 
six unanesthetized dogs which received the drug by intravenous drip and wdiich 
Avere anesthetized one hour after the administration of the drug. Three of the 
dogs were in a fasting state, and three others received a meal of egg yolks and 
cream five hours before the experiment. The re.sults are showm in Table II. 

Trvelve more clogs received streptomycin intramuscular^ while in the fast- 
ino- state. Tlu-ee were given a single injection at 7 p.m. on the first day. At 
11°A,M. on the second day, the animals were anesthetized and their gall bladder 
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content ivas removed. The other nine flop's received a total of seven injections 
each, four at tliree-hour intervals liCirinninpr at 10 a.m. on the first day and three 
more injections beginning at 10 a..m. on the second day. The animals ivere anes- 
thetized at 11 A.M. on the third day. The results are shoB-n in Table III. 


TABi.r. I. Dog \-2 {lS7..j0n Units of .STaEPTOJivciN) 


minutes after 

STARTING INTRAVENOUS 
DRIP 

BILE 

volume 

(C.C.) 

STREPTOMYCIN 
rONCENTRATION IN 
BILE 

(UNITS pet. C.C.) 

TOTAL 

STREPTOMYCIN 

(UNITS) 

Control 

3.7 

0 

0 

30 

4.3 

6 

20 

CO 

3.0 

50 

150 

120 

4.6 

135 

621 

1G.1 

2.9 

108 

313 


Tabix II. 


1 

DOG 

j STREPTOMYCTN' 

1 (UNITS) 

1 ME.VL 

1 STREPTOMYCIN 

1 CONCENTF..vnON 

1 IN BILE 

1 (UNITS PEE C-C,) 

E-l 

50,000 

None 

1.2 

B-2 

50,000 

None 

0.6 

B-3 

50,000 

Egg volks and cream 

0 

B-G 

50,000 

Egg volks and cream 

0 

B-10 

375,000 

None 

22 

B-n 

375,000 

Egg volks and cream 

25 


Table m. 


number 

or 

logs 

number of 
intramuscuu-vp. 
injections 

TOTAL amount OF 
STEEFTOSIYCIN 
RECEIVED 
(UNITS) 

.A.VEP..VGE VOLUME OF 
GALL BL.\DDEP. bile 
(C.C.) 

AVEP.ACE 
.STP.EPTOJIYCIN 
CONCENTF.-VTION 
(UNITS PER C.C.) 

1 

1 

100,000 

11 

<2 


1 

160,000 

20 

o 

3 

7 

140,000 

11 

<2 

3 

7 

280,000 

17 

2.0 


7 


10 

4.0 


DISCU.SSION 


The results on the five dogs inth a cannula in the common duet indicate that 
a maximum concentration of streptomycin in hepatic bile was reached in two 
or three hours. The highest level obtained, 135 units per cubic centimeter, was 
in Dog A-2 which received 187,500 units by intravenous drip in twenty minutes. 
Small amounts of streptomycin were still present in the bite after ten hours. 
The total amount e.xereted in the bile ivas only a fraction of a per cent of the 
amount administered. 


The graph in Pig. 1 shows that two houis after slarting the intravenous 
drip the serum concentration was 30 units of .streptomycin per cubic centimeter 
while the concentration in hepatic bile was 64 units per cubic centimeter, indieat- 
in<r tliat ihc normal liver of the dou concentrates streptomycin. 

The results in Table II indicate that 50.000 units given intravenouslv are 
nmdcuuatc lo produce hiirh levels in the nail bladder bile, irrespective of whether 
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a meal of egg yolks and cream was given or not. "Witli 375,000 units, adequate 
levels of streptomyeiri in tlie gall blnddor were obtained. Here also a meal of 
egg yolks and cream made little difference. 

The results on the dogs which received streptomycin intomuscularly in- 
dicate that: (1) A single intramii.senlar injection of the drug will produce about 
as high a concentration in the gall bladder as will the same quantity divided into 
sovevnl doses; and that (2) flic gall bladder does not appear to concentrate 
streptomycin since I'opeatcd intramuscular injections do not produce nearly as 
high a level in the gall blaeldcr bile as docs smaller doses given intravenously 
during the course of twent.v minutes. 


SUMMAUY 


1. Studic.s on streptomycin in hejiatic and gall bladder bile of twenty-three 
dogs were conducted. 

2. High levels of streptomycin were observed in both hepatic and gall 
bladder bile when relatively large doses were given .slowly intravenously. 

3. The liver was observed to concentrate streptomycin in one c.vperimeiit. 

4. The gall bladder docs not concentrate streptomycin. The salt of strepto- 
mycin, being soluble in saline solution, is apparently absorbed along with water 
and electrolytes when the bile is concentrated by the gall bladder. 

The authors wisti to acknowledge the assistance of Mr. D. W. Aldrich of the Coniinercial 
Solvents Corporation, Terre Haute, Ind., in innking the streptomycin a.ssays l>y the paper-disk 
plate method. 
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CUTANEOUS TEST WITH COCCIDIOIDIN 

RE\Tnw OF THE LITERATURE AND REPORT OF A SERIES IN TEXAS 

D. ]M. Haynes, M.D., and W. I. Hess, :M.D. 

Dallas, Texas 

S INCE the original description of coccidioidal granuloma in South America 
hy Wernicke^ and Posada- in 1892 and in North America by Rixford and 
GilchrisU’-* in 1891 and 1896, gi’eat advances have been made in our under- 
standing of the nature of the disease,^ of its pathologic,®' ' clinical,®'^" and epi- 
demiologic” features, and especially of the diagnostie criteria involved. Among 
these criteria, one of the most objective and, therefore, reliable is the specific 
skin test vith coccidioidin, ■which is regularly used in ruling coccidioidomycosis 
in or out in cases having a clinical picture compatible ivith the disease. Although 
the test is widely used, there has been to date no comprehensive review of the 
literature pertaining to it ; it is the purpose of the present report to fill this need 
and to present the results of a series of coccidioidin tests perfonrned in Dallas, 
Texas. 

Cooke,”' ” in 1914 and 1915, fii'st undertook inve.stigations sighted at the 
detection of agglutinins, precipitins, and complement-fixing substances in the 
serum of patients ■with coccidioidal granuloma, and her work gave the impetus 
to other workers to investigate cutaneous reactions in this disease. Using anti- 
gens prepared from the mycelial growth on solid culture mediums and from 
the sporelike bodies present in the exudate from lesions, Cooke concluded that 
these antigens could not be used to demonstrate specific complement-fixing sub- 
stances or agglutinins in the blood serum of patients nor did they produce any 
specific skin reactions. She found precipitins in serum diluted 1 :160 and mixed 
■"Tth an extract of dried cultures. These studies were continued in 1916 by 
Cummins and Sanders” who reported that, although they could not demonstrate 
agglutinins, precipitins, or complement-fixing substances in the serum of 
patients and animals ■with the disease, the concentrated filtrate from heated 
^nd unheated broth cultures caused a cutaneous reaction in some of their 
infected rabbits and to a lesser degi'ee in normal rabbits. Daius^' obtained 
complement-fixing reactions with a concentrated cultui'e as antigen and re- 
ported an intradermal skin reaction with killed homologous organisms defi- 
nitely more marked than that obtained follo^wing the injection of a similar 
nntigen made from cultures of Sporothrix, Blastomyces, or agar. Hirseh 
nnd Benson” concluded from the kno^vn histologic reactions to Coccidioidcs 
•wnufis, M-ith its similainty to the specific reaction to Mycohacterium tiihcr- 
c'dosis and its lack of identity with a nonspecific foreign body reaction, 
flat so me soluble substance is produced by C. immitis wliich resembles, 
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ill soine rospecls at least, flie liilierciiliii jirofliieed Iiy the tuherele bacilliKs 
and that skin rcaetions ean lie olilained in jiatieiits and animals infected 
u'ith C. immitis wliieli i-eseinlile fho.se with tniierciilin in tiiherciilous hosts. 
Usinp: a modification of the medium used hy Braun and Cahn-Bronner’' in 
tlieir studies of general bacterial phy.siology, they’” found that growths of 
C. imviUis in effect liberate a .soluble speeifie. substance causing .skin re- 
actions in infected animals and patients. Ilir.sch and Benson were the first 
workers to study the proj)erfie.s of this soluble .sjieeifie substance. The.v 
found that it is not destroyed by heating to 80° C. for thirty minutes and 
that it is fiocculatcd by elect rodialy.sis. In t02S, da Fonseca and de Area 
Lciio’® gave the first accurate description of a jiositive coecidioidin skin 
tost. TJiey pointed out that .sensitive .specific reaetioii.s arc obtained to fil- 
trates of C. inwiHis in.iccted infradcrinally and that these reactions consist 
of an erythema accentuated at the inoculation site and a papular erythema- 
tous induration apjiearing several lioiu's after in.iection and gradually in- 
creasing to a maximum in twelve to twenty-four liours. They further 
observed that the test may be accompanied by teniiierature elevation and 
focal reaction in patients with coccidioidal granuloma. 

Beck, Traum, and Harrington”' further studied the jiroblem in animals 
and raised the question of possible cross reactions with tuberculosis, report- 
ing wealclj" positive tuberculin reactions in animals infected with 0. immiiis. 
Hurwitz, Young, and Eddie"® also reported positive coecidioidin reactions 
in patients having no known coccidioidal infection. However, Gilford, Buss, 
and Douds,”' in an extensive survey in Jvern County, California, and in 
studies of patients with San Joaquin fever, showed specificity of the coccid- 
ioidal reaction and' were pioneers in reporting a high incidence of positive 
tests in individuals living in the San Joaquin valley. Dickson and Gilford,"' 
in 1938, following the preliminary work of Jacobson.-’” showed that cutaneous 
sensitivity to coecidioidin occurs six to seven days after the inoculation of 
guinea pigs and rabbits by chlamy^dosporc inhalation. These authors”” stated 
that the active antigenic substance was not identified, questioning bj’- implica- 
tion the work of Hirsch and Benson”"’ (vide supra). Thej' also made the 
observation that patients with valley fever react with a violent necrotizing 
response to the intradermal injection of 0.1 c.c. of filtrate, as advocated by 
Jacobson in a studj’- the results of ■which were further corroborated by 
Dickson”^' ”” in the same year, wlicn he .showed that the reaction of valley 
fever patients to coecidioidin was much more violent than that of patients 
with coccidioidal granuloma. This finding repudiated the preliminary im- 
pression of da Fonseca and de Area Lerio”® (vide supra). 

Kessel,”' in 1939', sliowed that in the final stages of coccidioidal granu- 
loma four weeks before death the skin test is negative but that other active 
cases of coccidioidal granuloma prior to the final stages give a positive skin 
reaction. He also demonstrated that patients with tuberculosis as a rule 
give negative reactions, that guinea pigs experimentally inoculated -rvith 
Myco. tuherculosis give a negative coecidioidin skin test and a positive 
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tnbemiliii test, and tliat sruinea jiigs experimentally inoeiilated witli C. im- 
mitis give a positive coecidioidin skin test and react negatively to tuberculin 
tests. By tliese experiments, Kessel fumished ob.iective evidence to support 
the presumedly high degree of specificity inherent in the coecidioidin skin 
test, a specificity vhich had already been suspected by Diekson.^’^ 

The investigation of coecidioidin sensitivity in children and the correla- 
tion of positive tests with the existence of a sjmdronie consisting of fever, 
eongh. aeliing, anorexia, sore throat, and pleural pain followed in from a 
few days to two and one-half weeks by erythema nodosum and positive 
sputum culture at the time of coecidioidin positivity, was undertaken in 1939 
by Faber, Smith, and Dickson,^^** and their results checked closely 'with those 
anticipated on the basis of previous studies. In the following yeai', Smith®” 
further studied the epidemiologic aspects of coccidioidomycosis by perfonn- 
ing intradermal tests on healthy volitnteei-s wlio had had clinical San Joaquin 
valley fever. These tests were all strongly positive; however, sensitivity 
to the antigen acquired from clinical infection could not be differentiated 
from sensitivity due to reinfection, since the sub.iects were residents of an 
endemic area. An isolated examide sugge.sting strongly that sensitinty ac- 
quired during initial contact with the organism is permanent was cited. 
Smith's results indicated also that sensitivity to coecidioidin is e.stablished in 
from two to seventeen days following the onset of svTnptoms. 

The geograpliie distribution of endemic centers of coccidioidal infection 
as detemined by cutaneous test is listed by Davis, Smith, and Smith^^ and 
according to these writers includes, besides the San Joaquin valley, Sonthein 
California, Arizona, Texas, and probably New ^Mexico and Mexico. Sporadic 
cases are also said to have been repoited from Europe and from the Chaco 
region of South America. A new endemic area at Camp Roberts, CalifoiTiia, 
v.'as described in 1942 by Shelton,®^ who, using the antigen supplied by Dr. 
C- E. Smith (the same antigen as was used in the semes repoided in the 
present paper), showed that of 736 soldiers who came from other parts of the 
United States to Camp Roberts fourteen became infected during three months’ 
residence there. His original series of tests on 888 soldiers constituting a hetero- 
geneous group chiefly from the ^Middle West (Illinois, Dlissouri, Nebraska, 
Arkansas, and Texas) resulted in eleven positive I’eactions or 1.2 per cent 
incidence of positivity. In the same year (1942). Aronson, Saylor, and PaiT,®® 
'vorking in the endemic area of Arizona, demonstrated presumptively that the 
occurrence of calcified pulmonary nodules may be due to pulmonaiy infection 
'vith C. immitis, using the coecidioidin skin test and the tubercuiin test as 
criteria for evaluation of the roentgenograms. Previously, in 1939, Phillips®® 
bad drawn attention to possible endcmicity of coccidioidal infection in Plioenix, 
Arizona, but he quoted a series too small to constitute more than sun-festive 
c'idenee of sucli endemieity. 

Smith®’ has interpreted tlie skin reaction to coecidioidin as a nonspecific 
allergic manife.station of a specific .semsitization. He pointed out that the 
sensitivity to coecidioidin becomes established in clinical eases of primary 
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coccidioidorn.vcosi.s .iiist l)eforc tlie }ii)i) 0 {inince of llie cliaivicteiistic erythema 
nodosum, wdiich must he i>reseut in order to cstahlisli a diagnosis of valley 
fever. He points out, further, that this eruption may represent either an 
undulating allergy or an efi'cct of a circulating antigen in a hypersensitive 
person. 

Pccr.s, Holman, and Smitli“ furtlier demoinstralcd the inscfulncss of the 
cutaneous reaction to coccidioidin in dilferontiating coccidioidomycosis from 
pulmonary tuhcrculosi.s. In an epidemic of primary pulmonary coccidioidomy- 
cosis comprising seventy-five cases re])ortcd hy Goldstein and Louie, there was 
100 per cent correlation hetween tlie clinical entity and the skin test. In a 
recent paper, Denenholy, and Cheney''' stress the diagnastic significance of the 
coccidioidin sldn test, pointing out that a positive test probably 1ms the same 
meaning in coccidioidomycosis as a positive reaction to tuberculin has in tuber- 
culosis; it indicates tiiat the patient 1ms, or Jms had in the past, a coccidioidal 
infection, either clinical or suhclinical, and does not necessarily imply that a 
positive reactor’s present illness is due to infection witli C. immitis. A negative 
coccidioidin sldn test generally excludes the possibility of a coccidioidal infection, 
with only two possible exceptions, namely, the theoretic ]) 0 .ssibility that a patient 
with an active coccidioidal infection due to a strain not present in the antigen 
might react negatively to the tost and the actual, but rare, possibility of negative 
reaction in a patient with severe disseminated coccidioidomycosis in a late 
anergic phase. 

Emmons and AshInmP® have demonstrated tliat thei’c is some cross sensi- 
tivity between C. immHis and a fungus isolated by tliem from rodents in Arizona 
which they have named JIaplosporangium i)arvtnn. It may be that this cross 
sensitivitj' is responsible for the borderline positive reactions to coccidioidin com- 
monly encountered in persons living in some areas in the Jliddle ^Yest, as pointed 
out by Smith."’ In any case, the test may Icgitiniatel.v' be considered liighly 
specific in the overwhelming majority of cases, indicating coccidioidal infection, 
past or present. 

REPORT OF A SF.RIES IN DALEAS, TEXAS 

There is no report in the literature of any series of coccidioidin skin tests 
performed in Texas; .vet from other series the impression lias been gained that 
Texas possiblj^ represents an endemic focus of coccidioidal infection. The present 
paper presents the results of an investigation undertaken in Dallas, Texas, with 
the purpose of determining the incidence of positive coccidioidin tests in an 
nnselected series as far as probable or possible coccidioidin reactivity was con- 
cerned. In this study, 413 persons were tested. The subjects comprised 98 medi- 
cal students, 102 student nurses, 202 patients on the wards of Parldand Hospital, 
and a miscellaneous group of 11 additional individuals. The following personal 
data were obtained from each subject before the test was pei’formed: age, 
previous occupations, history of erythema nodosum, previous coccidioidin test 
with, result, results, if known, of previous x-ray examination of the chest, home 
state, other places of residence, and places of travel. 
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The eoecidioidin wliich was used in the perfoiinance of all tJie tests in the 
series was obtained from Di', C. B. Smitli of the Department of Public Health at 
Leland Stanford Junior University. The antigen, as supplied, was prepared by 
growing ten strains of fungus coceidioides in tlie Bureau of Animal Industry- 
medium, tlie formula used for making tuberculin modified only in the use of 
2.5 per eent glj’cerine rather than stronger concentrations. After the fungus 
had been gro\ra for two months, it was Berkefeld filtered and merthiolate was 
added to a final concentration of 1 :10,000. This material was subjected to 
sterility tests, animal inoculation, and tests on human beings of knoAvn sensi- 
tivity. The dilution used was 1 :100 in sterile physiologic saline, and the 
tuberculin syringes used had never been used for any other procedure. Each 
needle used was employed for several consecutive tests without resterilization. 

Each test consisted of the intradennal injection of approximately 0.1 e.e. of 
the diluted antigen into the skin on the volar aspect of the right foreann. Spe- 
cial care was taken that a wheal was raised at the site of injection in everj- mem- 
ber of the series, that is, that a true intradermal test was done. Each test was 
read in twenty-four and forty-eight hours. Any test showing a palpable in- 
duration at the injection site was considered to be a positive test,- all others were 
recorded as negative. Grading of the tests was not attempted on the basis of 
standards any more minutely defined than those described. 

On nine and eight, respectively, of the positive reactors to eoecidioidin, 
simultaneous tuberculin and histoplasmin tests were done by !McGolrick and 
lloore®'* as a part of an investigation undertaken to correlate skin tests with 
tuberculin and histoplasmin with thoracic roentgenogram evidence of pulmonarj* 
calcific nodules; the results are mentioned in the next section. 

RESULTS OF THE TESTS 

Of the 413 subjects, eleven (or 2.66 per cent) were positive reactoi-s by 
the criteria which have been defined. This incidence of positivity is somewhat 
higher than that found by Shelton, whose group was, as noted, a homogeneous 
one taken chiefly from the Jliddle West, indicating that the incidence of sensi- 
tnnty to eoecidioidin is slightly greater than that encountered in Camp Roberts, 
California, prior to the establishment of endemicity there. No significant cor- 
I'clation between vocation and skin test positivity was obtained in the positive 
react oi-s ; in fact, all but two of the reactoi’s were persons whose occupations kept 
them indoors and hence were not especially liable to inhalation of chlamydospores 
of C. immitis. 

Tuberculin tests were done on nine of the positive reactors as part of a series 
run simultaneously with the present one by lIcGolrick and lIoore^° on the nui-sc 
and medical student groups. To a 1:1000 dilution of tuberculin (O.T.), one 
subject reacted positively and one gave a doubtful reaction, aU the remainder 
being negative ; whereas in the case of a dilution of 1 :100, there were one positive 
and three doubtful reactors. In histoplasmin tests done by the same workei-s 
on eight of tlie positive coecidiodin reactoi-s. three were found to be positive 
Only one of these simultaneously tested subjects showed a positive reaction to 
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both dilutions of Uibercnlin, to histoplsismin, and to coccidioidiii, although an- 
other su]),icet wlio f!:avc a clearly positive reaction to coccidioidin and histo- 
plasinin also reacted to tnberenlin in both dilutions, tliomrli doubtfully aceordin" 
to the criteria adopted by jMeflolriek and itloore. In summary, the majority oi 
of the eoceidioidin-positive subjects in this series vore found to be nonsensitivc 
to anti"ens of tuberculosis and histoplasmosis, two common causes of pulmonary 
calcification. 

Of the positive reactoi-s. only two had been ])reviou.s'ly tested witli the 
antisten, and their reactions bad been positive, corroborating the ^s•ork ])revionsiy 
quoted that sensitivity to coccidioidin, once acquired, tends to persist. 

The states of residence of the coccidioidin ])ositive reactors were investigated, 
and in cases in -which the pei-son in question had been a resident at various timc.s 
of several states, each of those states was recorded. It was found that Texas ■'vas 
at one time, past or present, the .state of residence of SI .8 imr cent of the in- 
dividuals studied: California was the next most frequently encountered state 
of residence (-15.4 per cent), and ^Arizona was the third in frequency with 36.3 
per cent. Some significance can thus be aflaehed to the fact tliat most of the 
positive coccidioidin reactors had at one time lived in one of several wcH-hnoun 
endemic areas. The fact that the overwhelming majority had lived in Texas is, 
of course, a factor of the locale in which the survey was undertaken. Territories 
in which the members of the positive reactor group had traveled were ahso sur- 
veyed, and only periods of travel were included in wliich the individuals had 
remained in the various locales for at least two weeks. Tliat three had traveled 
in Hlexieo is of intei’est in the light of (ho suggestive evidence that there exists 
liu'king endcmicity in that country,^® but a definitive surve.v of lilexieo has not 
appeared in the indexed literature to date. 

Most of the positive reactors were white, although approximatel.v as many 
Negroes as Caucasians were tested. Tin's finding may be partially explained 
by the fact that the Negro population in the area surveyed have a tendency not 
to ti’avcl outside of their site of origin. It is of significance to note that all but 
three of the positive I'oactors bad traveled aii-ay from tlic place of study, some 
quite widely. 

The ages of the positii’c reactors ranged between IS and 40, and most of the 
subjects fell in the age group of 18 to 20. This cannot, however, be said to 
demonstrate any significant relationsliii) betiveen age and incidence of 
coccidioidin po.sitivify for this serie.s. 

SUMMARY 

1. The literature pertinent to the cutaneous test with coccidioidin is re- 
viewed. 

2. A report is made of a group of 413 subjects in Dallas, Texas, comprising 
nurses, medical students, and general hospital patients who were subjected to 
intracutaneous coccidioidin tests. In this group, an incidence of 2.66 per cent 
positive reactors was encountered. 
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METHOD OF ASSAYING STEROIDS AND ADRENAL EXTRACTS FOR 
PROTECTIVE ACTION AGAINST TOXIC JIATERIAL 
(TYPHOID VACCINE) 

Lexa A. Lewis, Ph.D., and Ikuxe H. Page, jM.D. 

Cgei'elan'd, Ohio 

T he protective action of adrenal extract against the acute toxic effects of 
tj-phoid vaccine and the chronic toxic effects of Staphylococcus aureus vac- 
cine in adrenal deficient rats was reported by Hartman and ScotH in 1932. The 
results of Ettelson- confirmed their protective power against tj-phoid vaccine 
intoxication and demonstrated the relative ineffectiveness of desoxj'eorticosterone 
acetate. The possibility of using these observations as an assay method for de- 
termining what factor or factors in adrenal extract are responsible for protec- 
tion against toxic materials was evident. The following method has been evolved 
and appears to give constant and reproducible results. 

XIETHOD 

Male rats (Sprague-Dawley strain) weighing between 80 and 120 grams each were 
adrenalectomized under ether anesthesia, and after an interval of at least five days the 
ammals were ready for the test. The diet consisted of Purina dog chow. Nine-tenth per cent 
sodium chloride was offered for drinking. Room temperature was maintained between 80 
and 85° Fahrenheit. 

The minimum lethal dose (M. L. D.) of typhoid vaccine (Lederle combined TAB vac- 
cine), which would cause 100 per cent mortality within twenty-four hours when administered 
intraperitoneally, was determined on some of the adrenalectomized rats maintained on 0.9 
per Cent sodium cMoride. The test dose adopted was 1.33 M. L. D. The adrenalectomized 
animals not used for estimation of the M. L. D. were used for testing the protective power 
of the material to be assayed. Extracts were administered subcutaneously at 9:00 -t.il. and 
o:00 p.M. if in. aqueous or alcobol-aqueous solution, once a day at 9:00 A.it. if in oil. They 
Were given for three days. Immediately after the last morning injection of extract, 1.33 
M, L. D. of tj-phoid vaccine were administered intraperitoneally. The percentage of ani- 
mals surviving twenty-four hours later was recorded. The surviving animals were then 
placed on plain drinking water. Those alive after twenty-one days were sacrificed and 
searched for remnants of adrenal tissue. If any adrenal tissue was found, the observation 
on the animal was not used in calculating the protective power of the extract. 

One toxic protection unit is defined as the amount of material, in terms of anv con- 
'cment unit, per twenty-four hours which will protect 90 per cent of adrenalectomized rats 
against 1.33 31, L. D. of typhoid vaccine, equivalent in protective power to 0.2S mg. 11- 
dehj-drocorticosterone acetate, 

RESELT.S 

The percentage of rats surviving twenty-four hours after 1.33 yi. L. D. 
typlioid vaccine intraperitoneally, when treated with various amounts of adrenal 
extract, is shown in Pig. 1. Wlien 1 c.c. per twenty-four hours of whole adrenal 
extract (Upjohn) was given, 90 per cent of the animals were protected; this 
sliowed that the extract, according to the foregoing definition, contained 1 toxic 
protect ion unit per cubic centimeter. 

^om the Research Division of the Cleveland Clinic Foundation 
Received for publication. Sept, 30. ISMG. 
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Tlio protect i VO ])o\vcr of tlie extract wos nciirly (•oiiij)le1cly destroyed when 
the extract was alkalinizod to pll 11.0, boiled for ten iiiimitos, and the pH 
readjusted to pII 7.0. TJie c(iuivalent of 2 e.c. of extract after this treatment 
showed no protective effect. One cul)ic centimeter of untreated extract pro- 
tected 90 ])cr cent of the animals. 

Tlie potencies of four extracts were determined i)y tlie toxic protection test 
and compared with assay values estimated by the Inprle musele-work test. They 
showed 1.0, 2.5, 2.2, and 10.0 toxic protection units ])«• cubic centimeter, re- 
spectively, as compared with 1.0, 2.8, 5.0, and 11.5 units by the muscle-work 
test. One unit by the Ingle muscle-work test is cciuivalent to the effect produced 
by 0.2 mg. ll-dehydro-17 hydroxyeorlicostcrone. 



When the rats were injected -with bctxvcen 3 and 10 mg. of desoxycorti- 
costerone acetate per day, 75 to 85 per cent survived. Summarized in Fig. 2 
are the results obtained xvhen desoxycorticostcrone acetate was administered once 
a day in peanut oil. When it was dissolved in propylene glycol and injected 
twice daily, the protective action at the lower dose levels was essentially the same 
as that when dissolved in oil. When 5.0 mg. or more, involving the injection 
of 0.5 c.c. or more of propylene glycol, wei’e given, less protection was observed 
than when the material wms in oil solution. 

Free desoxycorticostcrone when administered in oil show’ed a protective 
power of 1 toxic protection unit per 2 milligrams. The protection of 90 per cent 
of the animals with 2 mg. of free desoxycorticostcrone per day and 100 per cent 
of the animals with 3 mg. wms interesting, since not more than 85 per cent of 
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Fjp. 2, — Protective power of desoxycortlcosterone acetate in peanut oil against 3.33 Ij. D, 
typhoid vaccine in adrenalectomizea rats. 



O Compound A acetate (Natural) oil solution 
X Compound A acetate (Synthertic) oil solution 
• Compound A (Natural) ayueous solution 

He. 3 —Protective power of compound A and compound A .acct.-jfo .against 1 33 7 n 

vaccine in adrenalectomlzed rats. ‘ U. Uphoid 
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the animals were protected wlien the acetate was employed in doses from 2.5 
to 10 mg. per twenty-four houns. The .slightly greater .soluhilify of deso.yv- 
corticosterone over desoxyeortieo-sterono acetate may account for the greater 
protective action. 

Corticonebenzoatc protected 100 per cent of the test animals when admin- 
istered in amounts of 0.75 mg. per day, indicating slightly more than 1.3 toxic 
protection units per milligram. 

A series of experiments rvas carried out using 11-dehydrocortieosterone 
and 11-dehydroeorticosforonc acetate prepared from adrenal ti.ssuc and 11- 
dehydrocorlicostcronc acetate synthetically prcj)ared. The protective power of 
natural and syntlietie compound A acetate in oil was cs.sentially the .same (Fig. 
3), being 3.6 units per milligram. Compound A in aqueous solution admin- 
istered twice daily showed a protective power of 3.1 units per milligram. The 
more constant level of the compound in the blood obtained when the hormone 
was given in oil probably accounts for the ap))a7‘ently greater potency of the 
compound A acetate. When administered iJi doses of 3.0 mg. per day, 11- 
ketoprogesterone protected 100 jicr cent of the animals treated; wliilc 0.3 mg. 
per day protected 54 per cent. Progesterone in the same amounts gave no 
protection. 

TAm,E I 


coiipovmi 

ll-dehj’dro-17 liydro.vj-corticostcronc 

ll-dehydrocorticostcrone ncotatc (natural) 

ll-deliydrocorticosterono acetate (syntlicfic) 

ll-dehydrocorticostcrone (natural) 

Oorticonebenzoatc 

11-ketoprogesterone 

Desoxj’corticosterone 

Desoxj’corticosterone acetate 

Acetoxypregnenolonc 

Methyl androstenediol 

Progesterone 


TO.XIO rnOTECTIO.S 

(Umr-S TEIt .MO.) 

.1.5 

3.0 
.3.0 

3.1 
1.3 

More than 0.5, less than S.O 
0.5 

Less than 0.1 
Loss than 0.1 
Less than 0.1 
Loss than 0.3 


Acetoxypregnenolonc and methyl androstenediol in doses as large as 10 
mg. per daj' failed to show any protection. 

Compound E, ll-dehydro-17 hydroxycorticosterone, showed 5.5 toxic pro- 
tection units per milligi’am. This was a little moi'e potent than an.v other com- 
pound tested. 

In an attempt to detei’mine whether the maintenance of a noimal blood 
glucose level was the effective mechanism of protection against the typhoid 
toxin, some of the adrenalectomized animals snitahle for testing were injected 
subcutaneously with 2 c.c. of 5 per cent glucose a lialf hour before the admin- 
istration of 1.33 M. L. D. of typlioid toxin. Tliey were injected with a similar 
amount of glucose solution every two houi-s or each hour thereafter. Half of 
the animals, when they began to become moribund, were bled for blood glucose 
determination. The remainder were kept for the lethal studies. All animals 
were dead within eight hours following the administration of toxin. The blood 
glucose levels determined on animals receiving injections each two hours were 
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70, 95, 65, 105, and 88 mg. per 100 c.c., respectively; the blood glucose levels 
of those receiving hourly injections were 65, 105, 80, 120, (0 mg. per 100 cubic 
centimeters; respectively. 

DISCUSSIOX 

The protective imwer of adrenal extract, ll-dehA'droeortieosterone, 11-de- 
hydroeorticosterone acetate (natural) 11 -dehydrocorticosterone acetate synthetic, 
corticonebenzoate, ll-dehydro-17 hydroxy corticosterone, and desoxycorticos- 
terone against the toxic effects of typhoid vaccine when administered to adre- 
nalectomized rate closely paralleled tlieir relative potencies as judged by their 
effects on carbohydrate metabolism. The fact that 11-ketoprogesterone showed 
toxic protective power was interesting. Data on its effect on carbohydrate metab- 
olism will be published later. All of the compounds with an oxygen at C-11 
showed high toxic protection power. The maintenance of normal or near normal 
blood glucose levels by injection at frequent intervals of 5 per cent glucose in 
saline was not, however, effective alone in px’olonging the life of the typhoid 
vaecine injected animals. It appears that some other factors besides normal 
blood glucose must be active in protecting against the tyiihoid vaccine. 

These results suggest the possible usefulness of adrenal extract and certain 
crystalline preparations of adrenal origin in combating acute toxic I'eaetions, 
It is possible that the administration of large amounts of these substances would 
protect patients during the most acute phases of a toxic disease, as in typhoid 
or typhus fever, especially until the amount of hormone produced by the pa- 
tient’s own adrenal would be adequate for protection. 

Further animal experiments are being carried out to determine whether 
the compounds that have been found effective agamst typhoid toxin are also 
able to protect agamst other types of bacterial toxin. 


SUMMARY 

A method has been described for determining the relative protective power 
of adrenal extracts and steroids against the toxic effects of typhoid vaccine on 
adrenalectomized rats. Of eleven crystalline compounds studied ll-dehydro-17 
hydroxycorticosterone was the most potent. All of those componnds having an 
oxygen at C-11 exhibited marked power to protect against typhoid vaccine. The 
natural and synthetically prepared 11-dehydroeoi'ticosterone acetate (compound 
A acetate) showed identical potency. 

We vrish to thank Dr. M. H. Kuizenga of the Upjohn Company, for generous supplies 
of various adrenal extracts; Dr. E. C. Kendall of the Alayo Clinic, for the natural and 
srathefic compound A acetate, the compound E, and compound A; Dr. Invin Schtvenk of 
the Sehcring Corporation, for the desoxvcorticosterone acetate; and Dr. B. E. Lowenstein 
of our own laboratory, for the corticonebenzoate and the 11 -ketoprogesterone used in the^e 
'tudics. 
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TRIDIONE: A NEW ANTICONVULSANT DRUG 


R. K. Richards, JI.D., and 0. IM. Evkrett, Pu.D. 
Chicago, III. 


T RIDIONE (3,5,5-tvimcthyloxazoliclinc-2,4-diono) was fn-st synthesized by 
SpiclmaiU in <a systematic search for new anal<resic drugs. Pliarniacologic 
studies indicated that the compound possessed analgesic properties," and this 
was later substantiated by clinical investigation. During further studies in 
animals it was found that Tridione suiipre.ssed convulsions caused by other drugs 
in doses which produced little or no neurologic deficits. This led to a more e.x- 
tensive study^ of the anticonvulsant properties of the drug by Richards and 
Everett"’ ^ who suggested its possible use in epilep.sy. Subsequently, Goodman 
and associates*’ confirmed and extended the experimental work. Thome' 
found this drug effective against grand mal, and Richards and Perlstein" wore 
the first to report its particular u.sefulne.ss in petit mal. Lennox’*’ “ has reported 
extensive clinical studies with tridione. 

Clinical e.xperience thus far indicates that tridione is an important addi- 
tion in the treatment of the petit mal triad, while its possible u.sefHlne.ss in 
other forms of cpileps.v is still controversial and in need of further clarification. 
However, 'the marked effectiveness of tridione by intravenous iipjection is of 
interest in the management of status ciiilepticus and convulsions due to various 
causes. These considerations, as well as the unusual combination of both anal- 
gesic and anticonvulsant properties in one drug, .iustify a desci’iption of its 
pharmacology with special reference to therapeutic applications. 

Tridione is a colorless solid with a Ioav melting point (approximately 46° C.). 
It is soluble in water to 5 per cent and forms a neutral solution. In Table I 
are given the structural formulas of three s.vnthetic organic drugs used in the 
treatment of epilepsy^ namely, phenobarliital, Dilantin (diphenjdhj’dantoin so- 
dium), and tridione. While each compound is derived from a different cyclic 

I 

.structure, a common feature is the group — C — C — — C — . 

I II I II 

0 0 
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Phenobarbital 
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GKNKRAU IMT ARMACODOGY 

Oue of the outstaiuling properties of tridione is its low toxicitj'. The 
general symptomatology and toxicology is presented in a condensed form in 
Table n.' 

Sleep occurs only with very high doses, approaching lethal levels, unless 
the drug is injected intravenously. With lower doses the animals behave 
either normally or show various degrees of ataxia. If extremely high doses 
are given, death occurs as a result of acute respiratory and ch’culatory de- 
pression or after one or two days in coma. A comparison of the action in 
different species of animals shows qualitatively similar effects and also a 
rather uniform quantitative sensitivity to the drug. The lethal dose is ap- 
proximately 1.5 to 2.0 Gm. per kilogram by intravenous, intraperitoneal, or 
subcutaneous administration, and there is also relatively little difference in 
the amounts necessary to induce ataxia by A'arious routes of administration. 
An ataxia-producing dose given orally to mice shows its effects in two or three 
minutes; tying of the pylorus delays the action for about twenty -five minutes, 
but the drug is slowly absorbed from the stomach. Only intravenous injection 
produces short sleep at a dose level which was not soporific by other routes. 
These observations suggest that tridione is readily absorbed. 

fiats fed a diet containing 0.25 per cent tridione showed no effect upon 
their growth rate, while concentrations of 0.5 or 1.0 per cent retarded weight 
gain by 15 and 40 per cent, respectively. These feeding experiments were 
continued for more than nine months. The red blood count of the group fed 
the highest concentration of the drug was found to he at the lower limit of 

Table H. Effect of Tbipioxe ix Expefumextai. AxI^tAI.s 
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normal, wiiile in the other frroups no indication of an effect upon tlie hema- 
topoietic system was noted. ITrinalyscs disclosed no abnormalities. Histologic 
sections of organs of animals that died or were killed showed some cloudy 
swelling of the kidney and liver and occasionally some fat in the latter organ. 
None of the findings was indicative of any serious organ damage. 

The elfect upon blood pressure and respiration was studied in dogs and 
cats under pentobarbital anesthesia. The rapid intravenous injection of 25 
mg. of tridione per kilogram produced no effect, but 50 mg. per kilogram 
produced transitory depression of the blood jire.ssurc (30 to 50 mm. Hg). No 
significant change in respiration was seen. Etherized rabbits tolerated the 
slow intravenous injection of as much as 50 mg. per kilogram without respira- 
tory depression, while 75 mg. pci- kilogram produced a marked depression of 
blood pressure and respiration. Both functions, liowever, gradually returned 
to normal. 



Fisr. 1. — Intravenous injection of tridione In a dos uolgliing 1C klloBrnnis. Upper tracings, 
blood pressure: lower tracing, EGG Lead II. Left before and riglit after a total of 3 Cm. oi 
tridione. See text. 


Tlie action on the cardiovascular system in nnanesthetized dogs was studied 
by simultaneous recording of the blood pressure and electrocardiograpli. Blood 
pressuie was recorded by means of a llamilton membrane manometer. In Fig. 1 
are shown tracings of a dog weighing 16 kilograms taken before the adminis- 
tration of the drug and after three intravenous injections, each of 1.0 Gm. of 
tridione given at intervals of about four minutes. Two minutes after the last 
dose the systolic blood pressure was transitorily reduced by approximately 
15 mm., while the diastolic reading remained unchanged. No significant change 
in pulse rate, electrocardiogram, or respiration occurred. Observation failed 
to detect any sedation, and there was but slight ataxia of the hind legs. Other 
studies on the blood pressure and on the intestine failed to show any specific 
effect of tridione upon the reaction to parasympathetic stimulation by acetyl- 
choline. Nor did the drug exhibit any significant antispasmodic action. Effects 
upon temperature regulation and metabolism have not yet been adequately 
studied. 
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The analgesic action of tridione was first reported bj' Richards and 
Everett," and a more detailed account of the findings in experimental animals 
together with clinical data was given by Richards, Everett, and Piekrelld'* 
The question of its practical usefulness in the clinic has not yet been settled. 
Certain side effects which will be discussed later appear to limit its adminis- 
tration as a routine analgesic to the ambulatory patient. Scrutiny of avail- 
able reports and our own experience indicate that further stud}' of the use 
of this drug, particularly in dysmenorrhea and for postoperative pain, is 
worth while, especially in view of the absence of undesirable effects upon blood 
pressure, respiration, and the digestive tract. 


ANTICONWULSAKT ACTION 


The anticonvulsive action of tridione in experimental animals has been 
demonstrated against pentamethylenetetrazol (Metrazol) and other eon^ulsant 
drugs." Recently we have made use of the observation by Walker and co- 
workers'* that intracortical administration of penicillin produces violent and 
prolonged concisions. We found tridione effective in suppressing these 
seizures in rabbits and dogs. Goodman and associates'^ have reported care- 
fully controlled experiments in which they investigated the effect of tridione 
and other anticommlsant drugs upon electrically induced eonmilsions. Tri- 
dione was formd to modify and decrease the response to electric .shock and had 
a moderate effect upon the electroshock threshold. It was particularly effec- 
tive against metrazol convulsions. Of special interest is the observation that 
“spike and dome” waves resembling a petit mal electroencephalogram can 
be produced experimentally in rabbits by subconvulsant intravenous doses of 
metrazol. Tridione was found to be the most effective drug in inhibiting this 
phenomenon; phenobarbital was le.ss active, and dilantin was ineffective. 


The duration of the anticonvulsant action was studied in rabbits. The 
intravenous injection of 17.5 mg. of metrazol per kilogram produced violent 
convulsions in each of sixteen animals so treated. If 100 mg. of tridione 
per kilogram were injected intravenously, ten minutes prior to the metrazol, 
only 30 per cent of the rabbits convulsed. In another series a forty-five minute 
interval was allowed between the administration of the tridione and the 
metrazol; convulsions occurred in 80 per cent of the animals. With a dose 
of 200 mg. of tr-idione per kilogram, only 20 per cent of the animals had con- 
vul.sions when metrazol was given one hour later. These findings are in fairly 
good agreement with results in mice reported earlier by ns.' Tt must be kept 
•n mind that the dose of the eonmdsant agent was very high. Goodman and 


nssooiates'- found tridione to be proteetive again.st three to five times the 
conndsant dose of metrazol. depending on the speeies of animal, Goodman 
and WanucR noted a residual anticonvulsive effect again.st the .standard con- 
mlsive dose of metrazol. fort> -eight bour.s after the intraperitoncal injeetion 
of high doses of tridione. 

Tniormation on the rate of urinaty excretion of tridione was obtained in 
throe, adult men. each of whom took 2.0 Gm. of the dnig in a single dose 
I rmc was collected at two-hour intervals dnring an eicht-honr period. The 
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urine was extracted witJi ether, and the residue obtained after evaporation 
of the ether fraction was titrated with NaOII. The total amount of the dnig 
recovered after eiglil liours was 47.2, 53.4, and 46.7 mg., respectively. The 
greater part was excreted witliin two to six liours after ingestion. This fiml- 
ing shows that oidy traces of therapeutic doses appear in the urine, and we 
must assume that the major portion of thi.s drug is metabolized. 

The role of the kidneys and liver in the metabolism of tridionc was studied 
in nephrectomizod animals and al.so after liver function was damaged by in- 
jection of carbon tetrachloride. If mice subjected to one or the other of these 
procedures were given 500 mg. of tridionc per kilogram orally, no prolonged 
protection against the convulsive effect of 125 mg. of mctrazol per kilogram 
was noticed in animals with damaged livers and only a slight prolongation 
was noticed in the nephreetomized mice. From a similar experiment in rats, 
it was observed tbat the hypnotic effect of a sublcthal dose was prolonged in 
nephreetomized animals for twenty-four to fortj'-eight hours. Ataxic dosages 
gave more variable results but also indicated a .slower disappearance of the 
drug. These observations indicate that therapeutic doses can apparently he 
destroyed in the body, even in the presence of impairment of the functions 
of the liver and kidney. With large doses of the drug, however, the impor- 
tance of these organs becomes moi-c prominent. Further studies arc necessary 
to assay quantitatively the role of liver and kidneys. 

As mentioned previously, the clinical usefulness of tridionc in the treat- 
ment of petit mal epilepsy has been establi.shed by Bichards and Perlstein,' 
by Lennox,®’ ^ and by Perlstein and Andelman,” and many other investigators 
are in general agreement. DeJong’® found tridionc effective in combination 
w’ith other drugs in the treatment of p.sychomotor attacks. While favorable 
results in this disorder were also observed by Perlstein and Andelman,’^ more 
extensive investigation in this condition is clearh' indicated. The same ap- 
plies to its application in the management of disturbances of behavior in 
children. The need for further study with respect to the usefulness of tridionc 
against grand mal epilepsy has been pointed out. Lennox® indicated that in 
certain patients suffering from grand and petit mal epilepsy tridione tends 
to increase grand mal attacks. Perlstein and Andelman” prefer a combina- 
tion with phenobarbital, rather than dilantin, for such patients. Dramatic 
results in the treatment of a few cases of status epileptieus b.v intravenous 
injection of tridione have been 7’eported by Thorne® and by Erickson and 
Masten.’® The anticonvulsant action in patients with tetanus is reported by 
Perlstein and Andelman.^^ 

The effect of tridione upon the electroencephalogram in petit mal does 
not appear to be an immediate one in all instances. Gibbs^' has observed that 
several houi’S elapsed before an effect upon the electroencephalogram in cer- 
tain cases is noted, even after intravenous adrainisti’ation. 

SIDE EFFECTS 

Jlinor side effects, such as drowsiness, nausea, and slight skin rashes, have 
been reported. Of interest is the attempt to overcome the droivsiness which 
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occurs iu certain patients Avith largo doses of tridione by the simultaneous 
administration of desoxyephedi'ine, a central stimulant rvitli an action similar 
to that of amphetamine. Further experiments in mice'haA'e shoAvn that it is 
possible to reduce the sedative effect of tridione with desoxyephedrine with- 
out significantly interfering rvith the protection against coimilsive doses of 
metrazol. 

Serious skin rashes in symptomatology and course, resembling those oc- 
eiuTing after barbiturates and other dings, haA'C been reported in a few cases. 
One of us (K. K. R.) observed an adult male patient who had taken pheno- 
barbital for a considerable time for the ti*eatment of grand mal attacks. About 
ten days after tridione had been added to control petit mal seizures, the pa- 
tient developed eonjunetmtis quickly followed by a maeulopapular rash over 
the whole body and by a high fever. The exanthema was particularly pro- 
nounced on the flexor, palmar, and plantar surfaces of the limbs and became 
exfoliative in certain areas, hlacerations on the mucous membrane of the lips 
and mouth rvere present. Treatment consisted of withdrawal of both pheno- 
barbital and tridione and administration of intravenous sodium thiosulfate 
and intramuscular penicillin. The fever abated after about one iveek, the rash 
faded slowly, and the patient recovered. Fortunately, severe reactions of this 
type are rare. 

Recently tivo eases of blood dyscrasias terminating fatally have been re- 
ported.^®’ Both presented aplastic anemia and agranulocytosis. In one of 
these patients another neiv drug Avith potentially toxic action Avas adminis- 
tered simultaneously Avith tridione. In spite of the rare occurrence of such 
reactions, frequent blood counts should be made on all patients receiving 
tridione. 

A peculiar side effect of tridione Avhich Ave encountered early in the clin- 
ical study of this drug is the occurrence of an increased sensitiAuty to light. 
The subjective description of this sensation is referred to by some patients 
as “glare” and by others as a more or less marked loss of color A'ision Avhich 
sometimes makes the objects appear yelloAv or covered Avith .snow. This phe- 
uomeuon is noticed particularly in bright daylight. Adults are more likely 
to experience this condition than children. Various degi-ees of visual disturb- 
ances occur in up to 75 per cent of adults in some clinical studies. This side 
effect appears usually Avithin the first feiv weeks of the medication. AVearing 
of dark glasses helps considerably, and in some patients this phenomenon 
becomes less pronounced during continued medication. AVithdrawal of the 
drug because of this side effect has been foimd necessary only in 10 to 20 per 
cent of adult patients (almost never in children) and was always folloAved 
by a return of normal color perception and light sensitivity. Sections of the 
optic nerve and retina of rats fed high doses of tridione for several weeks 
failed to show any organic damage. In accord AA'ith this are the negatii-e find- 
ings of ophthalmologists on patients Avith marked Ausual symptoms. Similar 
.NAinptoms sometimes occur A\ith other drugs, for example, digitalis (Carroll='°). 
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CONCLUSIONS 

From the experiences oi' llie clinical investigators, it appears that tridione 
ivill be an ell’eclivc drug for the majority of patients suffering from petit mal 
epilepsy. Children arc most benefited, since they show the greatest percent- 
age of favorable responses with a minimum of side effects. 

In this earl}' stage in the investigation of tridione, it is not possible to 
make statements regarding its site of action. The origin of petit mal seizures 
is still obscure, but it is iiossible that tliey arise from subcortical centers. Con- 
sidering the analgesic action of tridione and the role of the thalamus in pain 
sensation, one is induced to speculate regarding an at least partially subcorti- 
cal action of tridione. It appears quite likely that further study of the drug 
may make it a useful tool for research in various neurophysiologic and path- 
ologic problems. 

Tridione is now being investigated clinically in various nervous disorders 
unrelated to epilepsy, but no statements in this respect can be made as yet. 
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ACUTE AND CHRONIC TOXICITY STUDIES ON THEOPHYLLINE 
AJHNOISOBUTANOL AND THEOPHYLLINE 
ETHYLBNEDIAMINE 

Charles R. Thompson' and ^Iarshall R. Warren 
Cincinnati, Ohio 

T heophylline derivatives have been used clinically for a number of 
years -with favorable results.*'^ In spite of this, the literature contains 
relatively few data on acute and chronic toxicity in animals, Luduena® found 
that the repeated administration of doses equivalent to those used clinically 
produced no systemic effects in rabbits. He reported, however, that a single 
dose of theophyUine ethylenediamine, approximately thirty times the clinical 
dose on a basis of bodj' weight, produced irritation in the meninges and kid- 
neys of rabbits. 

Since Luduena has reported this irritant action for one theophyUine deriv- 
ative, it is important that possible toxic effects of any new theophylline de- 
rivative be determined before the substance is tried clinically. 

It is the purpose of this paper to present results of toxicity studies on Hvo 
theophylline derivatives, theophylline aminoisobutanol and theophylline ethj'l- 
enediamine which contain approximately 67 per cent and 75 to 82 per cent, 
respectively, of theophylline. Theophylline aminoisobutanol has recently been 
introduced into clinical medicine®'® under the trade name of ButaphyUamine, 
and its pharmacologic actions have been summarized by Hansel.® Data on 
theophylline ethylenediamine (AminophyUine) are included for comparative 
purposes and because Luduena ’s report makes information on effects of pro- 
longed administration in several species desirable. 

Aciite Toxicity . — The acute intravenous and oral toxieities were determined 
for theophylline aminoisobutanol and theophylline ethj’lenediamine. Intrave- 
nous toxicity determinations were conducted in rabbits. The drugs were in- 
.lected into the marginal ear veins as 25 per cent aqueous solutions. Oral 
toxieities were determined in mice. The theophylline derivatives were admin- 
istered, as 5 per cent solutions, directly into the stomach through a rigid tube. 

Animals were observed for a period of one week following both intrave- 
nous and oral administrations, and all deaths occurring within this period were 
included in mortality curves. LDr,n values and standard errors were deter- 
mined by the method of Miller and Tainter.’® 

Results of the investigations in rabbits and mice indicate that the two 
compounds have similar acute toxieities. Death folloinng administration of 
eiHier compound was generally preceded by con\'ulsions and usually occurred 
within ninety minutes, although in a few in.stances it was delaved for sev- 
ernl d ays. 

PharmacoloKj- Department. Research laboratories. The Wm. S. Merrell Com- 
Rocpived for publlc.'itlon. Scpt. 9. 1946. 
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Intravenously, tlic LD.,„ of iheophylJine aniinoisol)u(ano] was found to be 
163 ± 5.65 mg. per kilogram and that of lhco])liyllino efliylenccliainine 150 ±7.65. 
Orally, the LD.^.o values of theophylline aminoisobutanol and theophylline 
ethylcnediamine were 600 ± 34.7 and 540 ± 12.9 jng. per kilogram, respectively. 

Chronic Toxicitn . — The effects of repeated administration of theophylline 
aminoisobutanol and theoi)h.vlline ethylcnediamine were investigated in dogs 
and rats. 

Dogs; Eighteen mongrel dogs were fed a diet of Purina Dog Chow and 
conditioned to the laboratory for a ])eriod of two months before .starting the 
experiment. They were then divided into six groups of three dogs each. Two 
of the groups served as controls, one for intravenous work and one for oral 
work. One group was administered theophylline aminoisobutanol orally and 
another theopliylline aminoisobutanol intravenously. The other two groups 
leceived theophylline ethydenediamine, one by the oral and one by the intra- 
venous route. Both compounds were administered in doses of 20 mg. per kilo- 
gram per day, six days a week, for twelve weeks. These doses are equivalent 
to 1.2 Gm. per day for a man iveighing 60 kilogram.s, and they are about two 
or three times the usual clinical dose. The drug solutions for parenteral use 
were prepared fresh daily in pyrogen-free sterile normal saliJie. Oral dose.s 
were administered in hard gelatin capsules. 

Hematologic evaluations were conducted on experi!ncntal and control ani- 
mals at weekly intervals throughout the course of the ex])eriment. The evalu- 
ations included erythrocyte, reticulocyte, leucocyte, and differential cell counts 
and hemoglobin determinations. The hemoglobin determinations were made 
with a Fisher electrohemometer, and hematocrit determinations were con- 
ducted according to the Wintrobe technique” excepting that minimal amounts 
of a 10 per cent solution of potassium oxalate were added as an anticoagulant. 

'< All dogs were sacrificed at the termination of drug administration. Speci- 
mens from the aorta, heart, lung, liver, kidney, spleen, adrenal, stomach, and 
small intestine were fixed in Bonin’s lluid, and paraffin sections were prepared 
and stained with Delafield’s hematoxylin and eosin. The brain meninges Avere 
fixed in formaldehyde, and sections Avere stained by Slallory’s connectiA'e tis- 
'sue method. ' 

At the termination of drug administration, seventeen of the eighteen dogs 
were in excellent physical condition. They either gained in body Aveight, re- 
mained constant, or lost an insignificant amount. One animal developed a 
severe case of mange one AA^eek after starting the daily administration of theo- 
phylline aminoisobutanol orally. This dog had lost an equiA-alent of 20 per 
cent of its pre-experimental body AAmight by the end of the experiment,- but 
considerable weight AA-as lost during the predrug period, and its Aveight changes 
eandot be attributed to drug administi-ation. It is concluded, therefore, that 
the daily administration of the tAAm theophylline derivatiA-es did not pi’ove 
toxic, as measured by changes in body AAmight and general condition of the 
experimental animals. 

The two theophylline derivatives did not alter the blood pictures of the 
dogs. Initial and final average values (Table I), Avhich are typical of the 
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Aveekly A-alucs, fall Avilliin a normal range, and there is no significant differ- 
ence in data for the experimental and control groups. 

^Microscopic examination of ti.ssue sections from sacrificed animals re- 
vealed only minimal pathologic changes and these Avere not significant. Some 
abnormalities Avere found in both control and experimental animals, and the 
changes Averc of a type frequently encountered in laboratory animals. They 
included pneumonia in one dog, thinning of the cytoplasm of liver colls in one, 



TIME IN DAYS 

■Pip. 1 —AveraKe food consumption, drug: dose, and body weight for experimental and control 
- • - female rats. 
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nuclear pylmosis in a few .scaiterccl parcncliyniatous liver cells in two, and 
minimal amounts of nuclea)- pyknosis iji cells of the neplironie tubules in two 
animals. 

Rais: Five groups of six male and five groups of six female rats of the 
Wistar strain wore employed in evaluating effects of repeated administration 
of the two derivatives to rats. One group of male and one group of female 
animals sei'vecl as controls. The cxpenincnfnl groups received cither theo- 
phylline aminoisobutanol or theophylline ethylencdinmine in do.scs of approxi- 
mately 9 and 34 mg., respectively, per kilogram per day by the drug-diet 
method. 

Dinig administration was eontimicd for forty days in the female and sLxty 
days in the male animals. One-half of the rats from each group were sacrificed 
at the termination of drug administration, and the remaining animals were 
sacrificed three weeks later. Tissues from all experimental and control ani- 
mals Avere fixed in Bonin’s fiuid, and paraffin sections of the aorta, heart, lung, 
liver, kidney, spleen, adrenal, stomach, and small and large intestines Avere 
prepared. 

Data in Fig. 1 indicate that the tAvo theophylline dcriA’atiA'cs did not alter 
food consumption or body Avcighl of female animals. Similar results Avere 
obtained Avith male animals; therefore, data for these rats are not presented. 

Neither compound caused blood dyscrasia. Erythrocyte, reticulocyte, total 
and dififerential leucocyte count.s, and hemoglobin concentrations remained in 
the normal range (Table II), and Amines for experimental groups did not differ 
significantly from those of controls. 

Jficroscopic examination of tis.suc sections revealed no pathologic changes 
Avhieh could be attributed to the theophylline deiuA-atiA'cs, either in animals 
sacrificed at the termination of drug administration or in animals sacrificed 
three Aveeks later. The histologic alterations observed Avere of types commonly 
found in rats, and they occurred as frequently in control as in e.xperimental 
groups. 

summauy 

Theophylline aminoisobutanol and theophylline ethylenediamine Avere found 
to have similar LDjo Amlues for the oral route in mice and the intravenous route 
in rabbits, and both compounds produced similar signs of acute toxicity. 

The tAvo compounds produced no cAudence of toxicity in dogs folloAving 
the daily administration of 20 mg. per kilogram, either intravenously or orally, 
and no toxic effects Avere observed in rats fed amounts of the drvigs up to 
34 mg. per kilogram daily for as long as sixty days. 
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STUDIES ON THE I’J.ASJIA CONCENTEATJON AND TISSUE 
DISTEIBUTION OP SODimi PENTOTHAL (SODIlDt 
ETHYL (l-I\rETHYLBUUH 7 H THIOBAEPJTUEATE) 

Captaix Josi:i’h AV. Jailki!, AIkdical Coki'S, and Oaptaix Li;o E. Goi-wiaum, 
Sanitaijy Coim'S, Akmy op tiik Unitkd States 

INTRODUCTION 

I N EECENT years sodium peiilolhaH has become important in anesthesia, 
especially in the Armed Forces. HoAvever, very little is kiioivn about its 
physiologic distribution in the bod3' and its concentration in biologic fluids. 
The greatest difficull3’’ has been the lack of a .spcijific method for the determi- 
nation of the drug. 

The method commonl3' cmplo3'od in the detennination of various barbitu- 
rates has been the Ivoppan3’i reaction^ and its modifications.-’® Tliis is a color- 
imetric method based on the reaction beliveen a barbiturate, cobalt acetate, 
and isoprop3'l amine. The reaction is admittedly nonspecific and lacks the 
sensitivit3’^ and accurac3’ needed for repeated blood level measurements on the 
same animal. 

Anderson and Essex, ° cmplo3'ing the Koppanyi reaction, studied the 
plasma levels of peutolhal under various conditions and claimed that the drug 
undei’Avent a' cyclic appearance and disappearance in the blood, and there Avas 
no correlation betAvecn the depth of anesthesia and the blood concentration. 
This is an unusual phenomenon, for rarely does a di-ug act in such a cyclic 
manner. 

The purpose of this stud3' Avas to determine the behaAuor of pentothal in 
the blood and tissues after intrcTA'cnous administration and, if possible, to cor- 
relate the depth of anesthesia Avith the blood level. Por such a study a iieAv 
method of determination aa’os dcA’ised A\dnch is more specific and more accurate 
than the Koppan3d reaction. 


5IETHODS AND SIATERIAUS 


HeUman and associates® and Brodie' have studied the ullraAuolet absorption 
curves of pentothal in both organic and aqueous solvents. ' This is the basis for 
the present method of determination. 

Procedure. — Plasma (0.5 to 1.0 c.c.) and 0.2 M secondary sodium phosphate 
and 0.1 M citric acid buffer of pH 5 (2 c.c.) are added to redistilled chloroform 
(7 c.c.) in a small sepai’atory funnel and shaken for three minutes. The tAA’o 
phases are alloAved to separate and the chloroform layer is filtered to remoAm the 
Avater droplets. This clear chloroform solution is read in a Beckman quartz 
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Received for publication, Sept. 19, 194G. 
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cumbersome that use of the pronrietary deslgrnatlon has been permitted throuehout this paper. 
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spectropholoraetcv at 285 millitiiicroiis. It Ihc clvlorofovni layer is extracted 
witli 0.2 N NaOII and the latter rend at 305 ni/i, the sensitivitj' is somewhat 
increased. Tlic order of magnitude of sensitivity is 0.5 ;ig ])er cul)ic centimeter 
of the final solution of chloroform or NaOII. rcntothal was prepared by 
acidifying pentothal sodium and extracting willi ether. This was further 
purified by sublimation under reduced prc.ssurc. The resultant pure crystals 
were used for standards. 

The absorption curve of pentothal in chloroform and in 0.2 NaOH is 
presented in Fig. 1, and the maximal absorption at 285 and 305 ui/t, respec- 
tively. is shown. At these wave lengths there is a linear relationship l)etwcen 
the concentration and the optical density. Experiments were performed with 
known amounts of pcntotlial added to plasma, whole blood, and tissue homoge- 
nates, and the recoveries averaged over 90 per cent. In all experiments con- 
trol plasma was u.sed as a blank (wliich is small), and known amounts of drug 
were added to the control in order to determine the percentage recoveiy 
(Table I). The specificity of the method is shown in Fig. 2, where the absorp- 
tion curve of pentothal added to control plasma and extracted with chloroform 
is compared with that extracted from the plasma of a rabbit which had re- 
ceived the drug intravenously. It is apparent that the materials extracted ore 
identical spectrophotomctrically. 

In the pharmacologic experiments, five rabbits were slowly in,iected intra- 
venously with 50 to 100 mg. of sodium pentothal, and blood samples v'cre 
taken at various intervals by cardiac puncture. In the study of the physio- 
logic disposition of the drug, three rabbits were given ISO ing. and were killed 
by an air embolus twenty minutes later. The tissue was homogenized in phos- 
phate buffer of pH 5 (0.2 M secondary sodium phosidiate and 0.1 51 citric 
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SUBSTANCE 

pentothai. added 

rKNTOTHAI. 

KKCOVKRnn 

PEnCENTAGE 

recovery 

Plasma (c.c.) 

. l.Q 

12.5 

12.0 

95 

1.0 

20.0 

22.0 

108 

1.0 

20.0 

19,0 

93 

1.0 

25.0 

23.0 

92 

Whole Blood (c.c.) 

1.0 

10.0 

9.9 

99 

1.0 

20.0 

19.0 

95 

1.0 

20.0 

19.5 

98 

Liver (Gm.) 

0.5 

00.0 

5S.0 

95 

1.0 

20.0 

19.4 

90 

1.0 

20.0 

19.0 

98 

1.5 

60.0 

56.0 

92 

Kidney (Gm.) 

1.0 

20.0 

18.5 

92 

1.0 

20.0 

19.0 

95 

Muscle (Gm.) 

1.0 

20.0 

19.0 

95 

1.0 

20.0 

18.5 

92 

Brain (Gm.) 

0.5 

20.0 

19.0 

95 

1.0 

20.0 

18.0 

90 
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acid), and tlie procedure for plasma previously described was folloAved. Tuo 
patients at Walter Eeed General Hospital, with only 0,3 mg. of atropine sulfate 
as preoperative medication, Avere given pentothal in the usual manner by inter- 
mittent intravenous injection in the arm. Blood for plasma levels was taken 
from the other arm.® 



Fig. 3 —Plasma concentration after administration of sodium pentothal intravenously. Pvabbits 
1 and 2 received 100 mg. . Rabbit 3. 50 milligrams, 

MG -A 


J75 455 250 75 



1 — -PI i--mi concentration', in c hum <n iiiticnt durini: .ind after .'Klmmistratinn nf 
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Ih' ' ‘"’P''"' I"- C-'- '‘"'1 'I minutes following 

fourth do.'"-) "lOutr-iun Ju-t prior to adniini«tration of the st-coml. third and 

r?rcr‘\o nne=thcsia: ••I" and 


. . "'“h to e\pr> 

of .\ni «th<''la. for .inlnr- 


■< our upprcci ition to MnJor Emanuel Papper. Chief of the T). oartment 
the clinical a«pect« of thia experiment. P^rtraent 
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RESULTS 

In Fig. 3 is illustrated the coui’se of the plasma level of pentothal after 
intravenous injection of sodium pentothal in rabbits. The plasma level reaches 
a peak and falls oiT rapidl}". There is no evidence of any cyclic rise and fall. 
There seems to be a correlation between the plasma level and the depth of 
anesthesia. As the anesthesia wears off the plasma level falls. In all cases 
the concentration of the drug in the plasma was helow 1..') mg. per 100 c.c. 
when the animal was awake. 

Since it is difTicult to a.scerljiin the depth of anesthesia in the rabbit, two 
patients undergoing surgery with pentothal as an anesthetic were .studied. 
In Fig. 4 the stage of anesthesia with the plasma level is correlated. This is 
merely a preliminary studj' and more clinical studies arc necessary to establish 
a relationship between concentration and action. 

Phlisiolofiic Disposition . — The amount of pentothal found in the urine of 
both rabbits and patients after the administration of pentothal is negligible. 
Thus, urinary excretion plays a very minor role in the rapid decline of the 
plasma level. For example, after 1.5 Gm. were given to a patient, only 1.4 mg. 
were recovered in the urine within a period of two lionrs. 

AVhole blood contains approximatelj" the stnne concentration of pentothal 
as the plasma, so that it appears that there is no storage of the drug in either 
the red or the white colls. 


Table II. Tissue Levels T\\T..\Ty Jlixuxn.s An’Eu 1 nti:avexou.s Adsiinistbatiox or 150 
Mq. of Sodium Pentothal in Rabbits ■Weioiiino 3 ICilooram.? Each 
(Values ix JriLLiop.AMS per 100 c.c. or 100 Gn.) 


NO. 

PLASMA 

Vi'UOhT, 

BLOOD 


kidney 

BBAIK 

MU.SCLE 

1 

4.1 

3.7 

c.!) 

8.4 

2.1 

1.9 

o 

4.6 


c.o 

12.0 

3.1 

2.4 

3 

2.6 

2.4 

4.3 

9.4 

1.3 



The distribution of the drug, tiventy minutes after the intravenous ad- 
ministration of 150 mg. to a rabbit, is illustrated in Table II. The drug is not 
stored to any appreciable degree. The kidney.s contain more than any other 
organ, in spite of the fact that so little is excreted in the urine. 

DISCUSSION 

Ultraviolet spectrophotometry offers a simple, sensitive, specific, and ac- 
curate method for the estimation of pentothal in biologic fluids. The substance 
extracted from the blood after the administration of the drug is identical 
spectrophotometrically with the crystalline material. Another promising 
method for the determination of pentothal depends on its fluorescence in 
strongly alkaline solutions. However, the emitted light has too short a wave 
length for great sensitivity with the filters at onr disposal. 

From the data presented, it appears that after the intravenous adminis- 
tration of pentothal the plasma concentration reaches a peak in a short time 
and falls off rapidly. This decrease is similar to that found with many other 
drugs, for example, sulfonamides and atabrine. There is no evidence of any 
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cj-clic behavior of disappearance and appearance of the drug in the blood, as 
has been claimed. There appears to be some correlation between the depth of 
anesthesia and the concentration of drug in the plasma. Further study of 
clinical material is necessary to permit an accurate expression of this rela- 
tionship. 

Sodium pentothal is a short-acting barbiturate. Its short action is accom- 
panied by a rapid fall in its plasma concentration after the cessation of the 
injection of the drug. Negligible amounts are excreted in the urine, and there 
is vei'y little storage of the drug in the organs of the body. For example, by 
calculation from Table II twenty minutes after the administration of the drug, 
only about 20 per cent of the drug administered can be accounted for in the 
tissues. Therefore, degradation must proceed very rapidly. 

SXFMMAKT 

1. A speetrophotometric method for the determination of pentothal has 
l)een devised which is simple, accurate, sensitive, and specific. 

2. The plasma concentration quickly reaches a maximum level soon after 
intravenous administration and then falls off rapidly. There seems to be a 
correlation between the depth of anesthesia and the plasma level. 

3. Pentothal is degraded rapidly in the body, since very little is excreted 
in the urine and there is but a small amount of storage in the organs. 

We wish to express our appreciation to Dr. S. G. Hersher for suggesting this problem. 
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PYIUBENZA]\IINE IN HAY FEVER AND OTHER 

at.IjERGic disorders 


Al,i;x S. J'’ifii:i)^Ai:NDi;i!, jM.D., and Sidxkv Fkiki)lai;xi),i:h. JI.D. 

Detroit, llicii. 

P YIilBENZAMINE is one oi' Ji new "i-onp of synllielie .sulwliinc-cs whieli exert 
cT palliative action on certain allergic manifestations. Experiment all}’ tlie.se 
eoinpouncls po.sse.s.s the ability of antagonizing Hie pharniacologic effects of his- 
tamine, which is thought to play sonu* role in the allergic reaction. In com- 
parison to other related coinjionnds the activity of Pyribcnzamine is relatively 
high. Anaphylaxis in laboratory aniinals is also modified and in .some in.staiices 
prevented by the prior administration of this drug.’"® 

Pyribenzaminc” was administered to over 200 patients manifesting one or 
more allergic disorders. The drug was .sni)])lied by the manufacturer in the 
form of bO mg. scored tablets for oral administration. Tlie usual dosage in 
adults consisted of bO to 300 mg. four times daily, after meals and at bedtime. 
In children, 2") to 50 mg. doses were usually employed. Drowsiness, nau.sea, and 
vertigo were the most frcciucnt side efl’ecis and limited the admini.strntion of 
the drug in many instances. 


roi.mxosr.s 

The etfect of pyribenzaminc in ninoty-eiglit cases of hay fever was studied. 
Twenty-eight were due to grass jiollcn and the remainder to ragweed. Tlie 
majority of patients had no desensifization treatment to' the specific pollen 
or had received so little that ctrcclivc results could not be expected from that 
form of therapy. Some had received adequate pollen treatment but still had 
symptoms which required attention. For the mo.st part, jiatients in this group 
who received no previous desensitization treatment had the severest symptoms. 

The evaluation of any therapeutic measure in hay fever must take into ac- 
count the variation of the daily pollen concentration of the air as well as chang- 
ing atmospheric conditions. These factom frequently account for increase and 
decrease in symptoms which can erroneously be attributed to the treatment being 
administered at those pai’tieular times. In addition, patients A’ary widely in 
their response to similar amounts of pollen exposure. Some will have minimal 
symptoms consisting of sniffling and an occasional sneeze, while others will have 
very marked symptoms such as rhinitis, nasal blocking, ei^isodes of sneezing and 
conjunctivitis, and in-itation of the throat, one or all of which ma}’ be present 
tliroughout the twenty-four-hour period. The symptoms of man}' lie between 
these two extremes. We have classified patients into minimal, mild, and severe, 
according to the severity of symptoms, in order to better evaluate the effect of 
pyribcnzamine in hay fever. 

Received for publication, Oct. 21, lOlB. 

•The Pyribcnzamine was supplied by CIba Pharmaceutical Products, Inc., Summit, X. J- 
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■Wliere the action of the drug was favorable, its effect usually became ap- 
parent witliin thirty minutes and lasted several hours. Ehinori’hea and sneez- 
ing were more readily alleviated than nasal blocking. 

In twenty-eight patients with grass pollinosis (Table I), nineteen received 
symptomatic relief, while nine showed no satisfactory change. Six of these pa- 
tients were considered to have had severe symiptoras, while twenty-two had mild 
or minimal difficulty. An appreciable amount of benefit was obtained in the 
majority of patients in each group. 


Table I. Grass Hay F£A'EK 


Improved 
Xot improved 


Total 


MIXIMAL 

MILD 

SEVERE 


SYMPTOMS 

SY'MPTOMS 

SYilPTOMS 

TOTAL. 

s 

7 

4 

19 

1 

6 

2 

9 

9 

13 

6 

28 


T^vble II. E-vgweed Hay Pevee 


IIIKIM-AL mild severe 

SYMPTOMS SYMPTOMS SYMPTOMS TOT.AL 

Improved on high and low pollen day.« IS 7 1 26 

Improved on low pollen davs only 2 7 11 20 

Xot improved ’ 5 10 9 24- 

TStai 25 24 21 W~ 


Seventy cases of ragweed hay fever received pyribenzamine (Table II). 
Attention to pollen counts and comparison with control patients were used in 
evaluating these results. In many cases symptoms were not completely relieved 
by the drag ; however, where an appreciable improvement was noted, the patient 
was considered benefited. Twenty-one cases were classified as severe hay fevei-, 
twenty-four as mdld, and twenty-five as minimal. Since it was found that in 
the same patient the drug frequently helped on some days, and failed to do so on 
others, its efficiency was further analyzed according to the atmospheric pollen 
concentration of that date. Of twenty-one patients with sevei'e hay fever, eleven 
obtained satisfactory^ sjTnptomatie relief during periods of low pollen concentra- 
tion. Only one of the total group, however, obtained discernible benefit w'hen 
the pollen count was high. In twenty-four patients with mild hay fever, seven 
were benefited during periods of both high and low pollen counts, while seven 
others obtained relief on low pollen days only. Eighteen of twenty-five patients 
'rith minimal symptoms obtained excellent results during periods of botli higli 
and low pollen concentrations. Two other patients in this group noted ap- 
preciable benefit only when the pollen count Avas low. Seven patients with 
seasonal asthma associated Avith seA'ere hay fcA-er AA-ere encountered during the 
ragweed season. Pyribenzamine AA*as helpful in relieving astluna in one instance. 


OTHER allergic COXDITIOXS (TABLE Ul) 

Komcasonal Asthma and Allergic Wiinit is. —-Thirty patients with non- 
seasonal as hma received pyribenzamine. Two of these received .sATnptomatie 
relief a\ lencAor the drug was administered. The remainder of the patients did 
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Taiiia: hi. Otiihr Ai,u:iiGic Con’uition.s 


COXDITIOX 

TOTAI. CASKS 

nr.Li’Ki) 

XOT 

Vasomotor rhinitis 

lOS 

09 

39 

Asthma, nonsonsonul 

Urticaria and angioneurotic edcniu 

30 

2 

28 

Acuto 

9 

8 

1 

Chronic 

Eczema 

15 

11 

4 

Atopic 

G 

5 

1 

Contact 

G 

2 

4 

Pruritis, generalized 

Dermatitis, iinclnssiticd 

.s 

G 

2 

-1 

1 

3 

Headache allergic 

12 

0 

12 

ConjunctivitiSj vernal 

4 

0 

4 

O 

1 

1 

■ ■ 

2 

1 

1 


not experience relief of asthma, althougli in many cases where allergic rhinitis 
was also present, a beneficial effect on the nasal symptoms was evident. Of 108 
patients with allergic rhinitis, with and without asthma, s 3 Tnptoms were alien- 
ated to some extent bj’’ the drag in sixtj'-ninc. The degree of relief in each pa- 
tient was exlremclj'^ variable, and .inst as in seasonal liaj’- fever the s.vmptoms of 
rhinorrhea and sneezing were more amenable to control than nasal stnlfincss. 
Pyribenzamine appears to be more elTeclive than oral doses of ephedrine in con- 
trolling allergic nasal sj'inptoms. In the presence of complicating nasal infec- 
tion, evidenced by a purulent nasal secretion, the efficacy of pyribenzamine seems 
diminished. In asthma, ephedrine is still the drug of choice in most cases. 

Allergic Shin Disorders. — Pj’-ribenzaminc was found very effective in con- 
trolling certain cases of urticaria and angioneurotic edema. Blevcn patients 
with chronic urticaria were completely relieved duiing its administration, while 
four othci-s failed to attain any ap]>rcciablc Ijenefit. It was found extremely 
helpful in controlling sjTnptoins ^rhen allergic studies ivere being carried out 
in these patients to detcnninc the specific ctiologic agent. Eight of nine pa- 
tients with acute urticaria obtained striking relief of s.vmptoms following the 
first or second dose of pj'riljcnzaminc. . TJic drug was found to exert a rather 
marked antipruritic action. This property together with the sedative effect 
frequently accompanjdng its use were of considerable value in controlling the 
itching incident to such allergic skin disordei-s as atopic dermatitis. Pruritis 
associated with other conditions was also frequentlj* i-elieved bj^ the drug. 

Miscellaneous Allergies . — Twelve patients with headache in whom allergj^ 
was considered to play a major role were not helped by pyu’ibenzamine. No 
Ijenefit was apparent in four cases of vernal conjunctivitis. One of two cases of 
blepharitis was improved by its use. A patient noth gastrointestinal allergy 
claimed relief of abdominal cramps a short time after a dose of 50 mg. was taken. 
Another similar case was unaffected by maximum doses. 

TOXICITY 

Pharmacologic studies in laboratoi'y animals indicate that the toxieit 3 '^ of 
pyribenzamine is relativel. 3 ' low.'^ Side effects attending its clinical use in this 
study occurred in 27.2 per cent of the patients. Veiy often the same patient 
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SFMPTOil . NUMBER OF PATIEN'TS 


Gastrointestinal sjTnptoms 

19 

Drowsiness 

18 

Vertigo 

16 

Fatigue 

9 

Insomnia 

6 

Nen'ousness 

4 

Drmess of mucous membranes 

4 

Increased nasal congestion 

3 

Palpitation 


Headache 

- 

Numbness of oral mucous membranes 

1 

Numbness of hands and feet 

1 

Feeling of tightness in chest 

1 

Estrasystole 

1 

Disorientation 

1 

Dysuria 

1 

Urticaria 

1 


experienced more than one undesirable symptom from the drug. The types of 
symptoms and the frequency with which they occurred are listed in the ac- 
companying chart (Table IV). "Wliile gastrointestinal upsets, drowsiness, and 
vertigo were the most common symptoms, totally different effects such as in- 
somnia, palpitation, and nervousness were occasionally eneountered. Three 
patients experienced increased nasal stuffiness following the use of the drug. 
Another complained of asthma following each dose, and one patient, who was 
taking pyribenzamine for symptomatic relief in vasomotor rhinitis with good 
results, developed urticaria which was found definitely related to the ingestion 
of the drug. No evidence of chronic toxicity was observed in any of the patients 
treated. 

DISCUSSION 


The favorable effect of pjTibenzamine in many cases of allergy is in sup- 
port of the theory that histamine is a factor in these conditions. If histamine 
IS considered to play the principal role in allergic reactions, the ability of 
pyribenzamine to more readily control certain types of allergy than others must 
be explained. Factors other than histamine may of course he held accountable. 
On the other hand, a quantitative difference in histamine release could be respon- 
sible for this variability in action. The observations made in cases of hay fever 
suggest such a possibility. Although approximately 66 per cent of these cases 
obtained some benefit fi-om the drug, a closer analysis reveals that its effectiveness 
was most apparent in sufferei's with less than severe symptoms, and almost half of 
these patients obtained relief only during days of low poUen concentration. It 
is possible that in severe types of hay fever, and in many eases of asthma, the 
histamine release is excessive and not adequately antagonized by usual doses of 
pyribenzamine. Larger doses might produce the desired effect in these instances. 
In the present study, however, the average patient tolerated doses of more than 
100 mg. rather poorly. 


The action of pj-ribenzamine is palliative and of relatively brief duration. 
There is as yet no proof of lasting benefit or permanent cure from its use. It 
t iiM-e oic oes not eliminate the need for a thorough allergic investination of 
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the individual case and for lliorapy based on immunologic principles where in- 
dicated. It is a valuable adjunct to the specific treatment of hay fever, perennial 
allergic rhinitis, and urticaria. 


.SU.AJMARV 

1. Pyribenzamino, a drug with .specific antihistamine action, was used in 
various types of allergic disorders. It alTordcd symptomatic relief in many 
cases of seasonal hay fever, perennial allergic rhfnitis, and urticaria. Its action 
in asthma was negligible in most instancc.s. 

2. Side effects occurred in 27.2 per cent of tliosc patients treated. Drow.si- 
ness, gastrointe.stinal U])sets, and vertigo were tlie most frequent complaints. 

3. The action of the drug is only palliative and does not cure the allergic 
condition. It is a valuable symptomatic drug and is rceominmcncled as a helpful 
adjunct to the speeifie treatment of allergic di.sorders. 
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LABORATORY METHODS 


STUDIES ON STREPTOMYCIN^ 

III. jMicbotechxiques for Assay 

JosKPii Forgacs, Ph.D., and J, L. Kuct^ia 
Frederick, Md. 

With the Techkicae Assistanxk of W. L, Paxxier, HAlc, and L. L. Chaxey 


V ARIOUS methods of assaying streptomycin and streptothricin described 
in the literature are, for the most part, modifications of penicillin assay 
techniques. Using a sensitive strain of Bacillus suhtilis as a test organism for 
streptothricin determinations, Foster and 'WoodiniP'^ employed a modified 
cylinder-plate method as described by Abraham and associates'* for penicillin 
determinations. Similarly, Denkehvater, Cook, and Tishler^ employed the cup 
method for assay to determine the degree of inactivation of streptomycin and 
streptothricin by cysteine. The turbidimetric method, the serial dilution pro- 
cedure vith Escherichia coli as the test organism, and the cylinder-plate tech- 
nique using B. subtilis cells or spores ivere suggested by "Waksman, Bugie, and 
Sehatz.“ Stebbins and Robinson® proposed a modified agar cup-plate method 
for assaying streptomycin in body fluids, using a special strain of Staphylo- 
coccus aureus as a test organism. For estimating the concentration of strep- 
tomycin in body fluids, Heilman' employed a technique similar to Fleming’s®’ * 
slide-cell method; Bacillus megatherium was used as the tes-t organism instead 
of Streptococcus pyogenes. Fleming found it necessary to heat blood for thirty 
minutes at 50° C. to kill leucocytes when assaying whole blood. Donovick and 
co-workers'® recommended a broth dilution method, using a sensitive strain of 
lUehsiella pneumoniae as a test organism. It was found that fluids to be as- 
sayed had to be sterile and had to be diluted to contain from 1.0 to 3.0 units 
of .streptomycin per cubic centimeter. Price, Nielsen, and "Welch" suggested 
a turbidimetric serial dilution method, using Bacillus circulans as the test or- 
ganism. which tliey found sensitive to 0.15 microgram of streptomycin base 
per cubic centimeter of fluid. A method for the quantitative determination 
of streptomycin in aqueous solutions and in various organic solutions bv the 
filter paper disk technique using B. subtilis as a te.st organism was described 
liy Loo and associates.’® By rigid standardization. Levy Schwed, and Sackett’® 
obtained a polarographic method for assaying solutions of partly purified 
streptomycin containing 200 units per cubic centimeter or more of the dru". 
Using a gram-negative rod for a test organism and a modification of the assay 
method of .Stcbt)ins and Robinson,® Smith" detected as little as 0.1 per cent 
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of sli'cplolhricin presoiit as a conlainiiianl in s(i'ej)loniycin. While the oigan- 
isin was inhibitetl by 1,000 or more units of strei)tomycin, it was inhibited by 
only 7.5 units of streptotbricin. 

In a recent publication, Foi-ffacs, Kornegay, and Jlcnley''’ described a pad 
metbod of streptomycin assay to be n.scd primarily foi- oxalatcci whole blood 
and other body fluids. iMtbongb the nictbod ])rovcd to be accurate to 0.5 unit 
of the drug i)er cubic centimeter of body fluid, it required 20 c.c. for a com- 
plete standard curve and 1 c.c, fora blood level de(erminalio 2 i when a.ssaying 
in quintuplet. This made it diffieull to follow drug level deterniinations in 
infants or in individual .small laboratory animals. 

Two methods, described in this publication and designated as the micro- 
method and inicrofilm metbod, circumvent this difficulty’. Using the micro- 
method, 1.5 c.c. of blood are required for a eom])lctc standard curve (0.5 
through 40 units) ajid 0.06 c.c. for a drug level determination in quintuplet. 
For a low unitage .standard curve (0.5 through 15 units), oidy’ 1 c.c. is required. 
When using the microfdm method of assay, 1 c.c. of body’ fluid is required for 
a standard curve (0.1 through 1.0 unit) and the same amount for a drug level 
determination ns j’equircd by the niicromethod. 

K.XrKRIJIKNTAL AlE'ri lODS 

Preparation of Spore Svspension . — 

Strain: A variant strain of 7i. siihiilis Colm emend. Prasmowski, designated 
in this laboratory’ as the I strain, was chosen as the standard assay organism 
for reasons stated in a previous publication.’® The techniques described there- 
in were used for preparing spoi-cs. Since difficulty’ was experienced by various 
M’orkers in sporulating this organism when using the medium previously’ rec- 
ommcirdcd, a further study of the medium is in progress and results will be 
reported at a later date. Spores used in this investigatioji, however, were 
prepared on the medium previously’ recommended. 

Assay Technique for Micromcihod . — 

Preparation of Seeded Plates: For assay'ing, 200 c.c. of Difeo E-2 Strepto- 
thricin Assay Agar were melted, cooled, and maintained at 50° C. in a water 
bath. Prior to assay, the agar was seeded with B. suhtilis spores (approxi- 
mately 400,000 spores per cubic centimeter of agar) and maintained at 50° C. 
until all air bubbles emerged to the surface. Twenty’ cubic centimeter por- 
tions of inoculated agar were transferred to largo flat-bottomed Petri plates 
(150 by 20 mm.), using a 30 c.c. glass sy’ringe equipped with an automatic 
syringe filler to facilitate rapid pouring. (For 100 by’ 10 mm. Petri plates, 
10 c.c. of seeded agar were poured per plate.) Seeded plates were allowed to 
cool and harden for ten minutes at room temperature. They’ were then dried 
uncovered at 50° C. for ten minutes to remove condensed moisture and allowed 
to return to room temperature for ten minutes Avith covers partly open. 

It Avas found essential that plating be performed on a level table to obtain 
a lAniform depth of agar and that air bubbles disappear from the agar before 
it hardened. All timing was carefully checked. 
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Plates prepared for assay could be stored at 2° C. for futui’e use ; hoM e\ ei , 
there ivas a loss of aeciu’acy proportional to length of storage time. Such 
plates were again dried at 50° C. and alloM'ed to attain room temperature 
before use. 

Addition of Assay Material: Each plate selected for assay was superimposed 
over an area marked on a level table so that assay drops could be placed in 
the same relative position on each consecutive plate. Following adjustment 
of the plunger in a 0.25 c.c. tuberculin syringe to the 0.05 c.e. graduation mark, 
0.06 c.e. of fluid to be assayed was drawn up into the sju-inge. The air space 
between the plunger and assay material established complete visibility of the 
plunger tip relative to the 0.01 c.e. graduations on the barrel of the syringe 
and also facilitated complete removal of assay material from the syringe. A 
27 gauge, inch needle was placed firmly on the shank of the syringe with 
the needle’s beveled opening down and opposite the graduations on the barrel 
of the syringe. Precisely 0.01 c.c. of fluid was slowly ejected from the syringe 
to form a hanging drop on the end of the needle. This drop was touched 
to the surface of the seeded agar and thus deposited in the appropriate posi- 
tion on the plate. (When the drop was first ejected from the syringe, the 
instrument had to be held in a horizontal position in order to facilitate adhe- 
sion of the drop to the needle.) This procedure was carried out in quintuplet 
for all samples assayed, one drop on each of five plates. Using this procedure, 
samples of assay material sufficient to assay in quintuplet could be completed 
in from ten to fifteen minutes. One individual can successfully complete the 
operation. 

Incnhation and Reading of Assay Plates: Assay plates were incubated over- 
night (approximately seventeen hours) at a temperature ranging from 28 to 
30° C., removed from the incubator, and the diameter of the zone of inhibition 
of growth measured. If desired, results of the assay could be read in eight 
hours after the material had been added to the plates.* Readings were re- 
corded to the nearest 0.1 millimeter. Values used were within plus or minus 
1.0 mm. of one another. For instance, if five readings for any hypothetic 
value were 21.0, 21.G, 20.9, 21.4, and 22.7, the last value (22.7) was discarded. 
The average diameter of the zone of inhibition for each level of the standard 
was plotted on graph paper against units per cubic centimeter for the respec- 
tive dilutions of the standard to constitute a standard curve (see Figs. 1 
and 2). The diameter of the inhibition zone for any unknown assay sample 
was compared with the standard curve to give results in units of streptomycin 
per cubic centimeter of fluid. 


Any plate-counting apparatus could be used for reading inhibition zones, 
provided it was equipped with a transparent, graduated film ruled in 1 mm. 
areas. The diameter could also be read with a millimeter rule. It was found 
conven ient to use a glass plate covered with a positive exposed negative of 


Imiir-. ’rwh"' oiS',. J ‘'1’“ ‘ncubatlnc the .«rvded platfs for three to «i 5 c 

rend to nve oVd Uo hour? i** ‘J’'' ■'•'Idition or the material. n«ay.>= cou?db^ 
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1 mm. graph paper on lithographic film.'^- The diameter of the inhibition zone 
was superimposed over the plate against a background of light, and the zone 
thus was read. 

^ne millimeter graph paper was photographed onto .a contrast photographic plate. 
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Preparation of Standard Curves: Prior to treatment, a 1.5 c.c. sample of 
body fluid was obtained from the patient for preparing a complete (0 through 
40 units) streptomycin standard curve. (Only 1 c.c. need be drawn for a low 
unitage standard curve, 0.5 through 15 units.) To 0.09 c.c. aliquots of selected 
fluid, varying concentrations of streptomycin were added and assayed as pre- 
viously described. (It is imperative that chemically clean 0.1 c.c. serologic 
pipettes be used for making dilutions and that glassware be thoroughly cleaned 
each time after use.) The diameter of the resulting zone of inhibition was 
plotted on graph paper against the corresponding unitage (see Figs. 1 and 2) . 
For example, in following the blood level of streptomycin in a patient, a sample 
of blood was taken before administration of the drug for constructing a stand- 
ard curve on blood of that particular person. Blood was collected in lithium 
oxalate (0.06 c.c. of a 3.3 per cent lithium oxalate solution per 1 c.c. of blood) 
and mixed. Then 0.09 c.c. of Idood was accurately pipetted into each test tube 
{y -2 inch in diameter and 1 inch in height). To each of these, 0.01 c.c. of the 
respective streptomycin solutions of knomi variable unitage was added. In 
pipetting blood and standard solutions, the outer surface of the pipette was 
wiped to remove excess fluid after it was filled and before delivery to the. test 
tube. Blood was allowed to flow slowly fi-om the pipette into the test tube 
from the 0.01 c.c. mark to its maximiun gravitational level: the remainder 
was gently blown out and the tip of the pipette touched to the side wall of 
the test tube. Blood without added streptomycin was assayed to determine 
possible inhibition of B. suhtUis by the blood itself. "Water standards of 
streptomycin were prepared so that when 0.01 c.c. was added to 0.09 c.c. of 
blood or other fluid, concentrations of 0.5, 1.0, 2.0, 3.0, 5.0, 7.0, 10.0, and 15.0 
units of streptomycin per cubic centimeter resulted for the low unitage curve, 
and thereafter up through 40 imits per cubic centimeter in steps of 5 units for 
the high unitage curve. (Higher unitages can be approximated.) 

Streptomycin standard dilutions of 0.5, 1, 2, 3, 5, 7, 10, and 15 units 
were placed on one series of five plates and those of 20, 25, 30, 35, and 40 
units on another series when using large Petri plates (150 by 20 mm.). "When 
using small Petri plates (100 by 10 mm.) standards from 0 through 10 tmits 
were placed on one plate series and standard dilutions from 15 through 30 
units on another series of five plates. A third series was used for determining 
35 and 40 unit standard dilutions. It is recommended that a complete stand- 
ard curve be made on each individual prior to initiation of drug therapy. 

Manipulation of Body Fl\iids for Drug-Level Determination . — 

Blood: The following technique is recommended to be used in drawing 
blood for a drug-level determination. Lithium oxalate solution is drawn up 
into a 0.25 c.c. tuberculin syringe to the 0.15 c.c. mark; the .syringe is then 
inverted (needle end up), and air and remainder of oxalate are extruded, with 
the exception of that remaining in the shank of the sjuinge. The residual 
oxalate solution forms an airtight seal between the plunger and cylinder wall, 
flic plunger is drami up to the 0.05 c.c. mark. This air space sciwes as a marker 
between the blood and plunger, since it leaves the tip of the plunger clearly 
visible, and also makes it possible to remove all of the blood when assa-vdnr^. 
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The finger or oilier cxfroinily is pimclured niul 0.06 e.c. of blood immcdiatcbj 
drawn into fho .syringe. In drawing blood if is neco.ssary (hat no air hcincor- 
poraled into llic blood cohinin. This may nece.ssilalc .squeezing the finger 
.several times until 0.06 e.c. of blood is obtained with no break in the blood 
column in the .syringe. Blood is drawn up into the .syringe to the point where 
the barrel and shank join, being careful that no air is incorporated into the 
blood now in the syringe. Wifli the shank of the .syringe pointing downward, 
the contents are agitated by gently fajiping the side of flic cylinder wall 
Avith the back of the finger. If the procedure is carefully operated, no air is 
incorporated into the blood and the oxalate adhering to the .syringe Avail is 
adequately mixed with the blood. A 27 garige, inch needle is tightly placed 
onto the .shank of the .syringe Avitb the beveled edge of the needle opposite 
the graduation marks on the eylindcr Avail. With the .syringe in a horizontal 
position, the plunger is pushed forAA-ard until blood begins to extrude from 
the needle, and the tip of the plunger is calibrated on a 0.0] e.c. mark. The 
tip of the needle is then Aviped to remoA'e the trace of blood. Then 0.01 c.e. 
of blood is extruded from the .syringe and the tip of the drop touched to the 
surface of the agar, thus depo.siting a drop of blood. It has been found that 
blood thus draAvn can be stored in a refrigerator OA’ornight and a.ssayed the 
folIoAving day. This is eonvenient for determining di'ug Ica’cIs over a period 
of tAventy-four hours or longer, in order that blood may be collected at apijro- 
pviate intervals and assayed at a later time. 


Tadia: T. V.MtiATo.vs i.v iKeiA’inuAi. Bi.ooii .Arirao.STAxn.VKi) Ctoa'K.s 
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.1.0 

17.4 

10.1 
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17.2 

15.4 

13.0 

7.0 

18.8 

17.3 

19.1 

19.5 

10.0 

14.0 

10.0 

lO.G 

18.1 

20.9 

20.5 

18.5 

17.0 

15.0 

20.9 

19.9 

22.4 

21.5 

20.0 

18.1 


Data for blood standard curves from 0.5 through 15 units in three dogs 
and three human beings are presented in Table I to illustrate the assay method 
and to demonstrate the necessity for individual standard curves. A typical 
lAiicromethod blood standard curve in human beings is shoAvu in Pig. 1. In 
Pig. 3 are illustrated inhibition zones on a tj'pical plate AA-hen assaying blood 
by the micrometbod. 

Urine; Streptomycin levels in Aunne Avero determined using, for the most 
part, the same technique as for blood. IIoAA^eAmr, AAdien assaying urine of high 
unitage (above 40 units), the speeimeu A\ms diluted Avitb normal urine to the 
recommended range of 0.5 to 40 units per cubic centimeter for greater ac- 
curacy. In preparing a standard ciuwe, 0.1 e.c. of a sample of streptomycin 
of knoAvn unitage Avas added to O.f) e.c. of urine for each respective standard 
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to minimize errors in pipetting. In addition, it n'ES not necessary to maintain 
a 0.05 e.e. air pocket betn-een the plunger and urine in the SAT-inge Avhen assay- 
ing clear specimens. Any conA'cnient amount of urine can be draAvn up into 
the syi’inge as long as the specimen is assayed in quintuplet. The semilog- 
arithm standard curve on the urine of the patient as presented in Pig. 2 was 
used to estimate better the very high drug levels. 

Assay Technique for Microfilm Method.— This method, developed by the 
co-author (J.L.K.), was designated as the microfilm method because it re- 
quires only a film of seeded agar and is very sensitive for detecting streptomycin 
in quantities as low as 0.1 rmit per cubic centimeter of body fluid. 



Fig. 3. — lUustrating the t>pe of inhibUion zone produced hr streptomvcm. using the micro- 

method of assay. 

Preparation of Seeded Plates: Difeo E-2 Streptothricin Assay Agar Avas 
melted, cooled, and maintained at 50° C. in a Avater bath. It Avas then seeded 
with B. .suhfilis spores (approximately 800,000 .spores per cubic centimeter of 
agar), mixed, and maintained in the Avater bath until tlie air bubbles emerged 
from the medium. Approximately 20 e.e. of inoculated agar Avere added to 
large sterile Petri plates (1.50 l)y 20 mm.). Plate.s containing the agar AA-ere 
then immediately tipped, and the agar Avas alloAvcd to pour from the plates 
into a container for fiA-e seconds. The plates Avere then coA-ered, placed on a 
fiat table, and allowed to harden for ten ininute.s. This procedure re.sulted in 
Ibe formation of a film of agar on the bottom of the plate.s. The plates Avere 
then ready for assaying purposes. Flat-bottomed plates A-.-ere not neeessarv 
Avhen nsing this tcchnimAe. 
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"When iisinp small plalcs (100 by 10 mm.) the same proccclure was fol- 
lowed, willi the exception that 10 c.c. of seeded agar were added per plate and 
allowed to flow into a container for the given time (five seconds). 

Addition of Assa>i Maicried and Incubation and Heading of Assay Plates: 
The same techniques wei'c used as dc.scrihcd for the inicromethod. 

Preparation of Standard Curves: One cubic centimeter samples of various 
body Iluids have been used for preparing standard curves. The following 
unitages were used; 0.1, 0.2, 0.3, 0.5, 0.7, 1.0. Although unitages of 2.0, 3.0, 
and 5.0 could be determined, it Avas more convenient to a.ssay fiuids of such 
potency by the micromethod. A .sample of normal body fluid Avas assayed to 
detect possible B. suhtilis inhibiting factors bj- the body fluid itself. Tech- 
niques and precautions in making standards Averc the same as for the micro- 
method; hoAvever, the prcA-iously de.signntcd unitages (0.0 through 1.0 unit) 
Avere placed on one plate using cither the large (150 by 20 mm.) or small 
(100 by 10 mm.) Petri plates. 



STREPTOMYCIN U/ML OF BLOOD 

Fir 1. 


In Fig. 4 is illustrated a typical standard curve obtained Avlien using the 
inierofilm method of assaying streptomycin. 

Application of Assay Techniques . — ^Application of these methods for de- 
termining streptomycin blood leAmls in man and in various laboratory animals 
Avill be discussed in a succeeding report. The methods are particularly useful 
Avhere only small amounts of blood can be obtained, such as in mice, guinea 
pigs, hamsters, and especially in infants Avhere venous puneture is difficult. 
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In addition, time and material are saved since no pads or cups are required 
for these methods of assay. 

The microfilm assay method was found useful for detecting traces of strep- 
tomycin in blood and tissue extracts from animals used for streptomycin ex- 
cretion studies. 

These methods have also been applied successfully to the assay of other 
antibiotics. 

SUMMARY 

Two methods, the micro and microfilm techniques for the quantitative de- 
termination of streptomycin and other antibiotics in body fluids are described 
in detail. Using these methods, 1.5 and 1-0 c.c., respectively, of body fluid are 
neeessai’y for a standard curve and 0-06 c.c. for a level detei’mination in 
quintuplet. Venous pimcture is necessary only for obtaining blood for a 
standard curve. A drop of blood obtained from a finger or other convenient 
extremity is used for blood level determinations. 

The authors wish to acknowledge their gratitude to Miss Lucy -A. Collins, for sug- 
gesting development of a mieromethod of streptomyciu assay, and to Captain Lewis L. 
Coriell and Dr. Keith H. Lewis, for their suggestions and careful guidance. 
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AN IMPlJOVEJ) PPOCEDUPE FOP THE HJAt.'NOSTJO (JEJ/rUPK OF 
.MAHMAJPAN TUEEJKU.E BACILLI 


II. J. C()Ki*j;u, 31. D., AND P. E. .S'jo.VKi!, S.B. 
l)r.Nvr.K, Coi.o. 

W ITHIN the pii.st low docade-s marked .slride.s Iiavc been made in the i)er- 
fection of tlic diagno.stic culture ])roeedure for di.sclosint? llie ])re.sence of 
small nuinbei’s of mammalian tubercle Inieilli. In thi.s .short span clinical pa- 
thologists and bacteriologists have begun to acknowledge that the culture could 
efficiently displace the guinea pig or other animal te.sts’ for the disclosure of 
the presence of .small numbers of mammalian tubercle bacilli in tuberculous 
materials from human or animal sources. In spite of the fact that the diagnostic 
culture procedure is moie economical and is superior to the animal test in regard 
to disclosing the presence of small numbei's of moderately or low vii'ulent inain- 
malian tubercle bacilli, even though its su])eriority is Jiot especially greater 
for the disclosure of highly virulent human or bovine tnberelc bacilli, there are 
still features of the cultural test which in all ju’obability can bo improved mate- 
rially at present. 

The diagnostic culture tests consist of .several essential feature.s, the success 
of the performance of which are significant both in its simjdicity and perfection. 
The first of these features and the i)arl to be particularly elucidated in this study 
is the preliminary Ircatment of the specimen to destroy contaminating and 
undesired microorganisms; while the second ccpially important feature is the 
choice of a good nutrient ea]iablc of sup])orting particularly the growth from 
small plants of mammalian tubercle bacilli.^' ^ 

Historically, the earliest attempts to destroy the contaminating micro- 
organisms made use of such rapidly acting reagents as sodium hypochlorite 
(Labarraque ’s solution) with which GrifTith experimented in 1914 .'' He found 
that successful uncontaminated cultures of tubercle bacilli would result if 
plants were made at short minute intervals a7id the proper time were hit when 
the reagent would not destroy the tubercle bacilli, but the contaminants were 
satisfactorily eliminated from the specimen. Shortly thereafter. Petrol?’ used 
3 per cent sodium hydroxide for thirty minutes for the same purpose and with 
fair success. Later, 3 per cent hydrochloric and 6 per cent sulfuric acid 
were tried’ also with success for short period exposure up to an hour or so. 
In each case, however, the reagent was prei^ared from liquid materials of un- 
certain composition or from solids, such as sodium hydroxide, not entirely 
easy to handle or weigh and subject to change by absorption of carbon dioxide 
from the air or capable of etching the glass containers in which they were 
stored. The need for a crystalline solid of high purity and stable composition 
was attained with the introduction of 5 per cent oxalic acid in 1930 .' Tins 
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reagent ivas easily prepared and kept well, ready for use. It was found fairly 
satisfactory in that 'it could be used in equal volume of 5 per cent solution to 
destroj’ contaminants by exiiosure up to two hours at incubator temperature, 
giving a greater time latitude, and in many respects it proved superior to 
sodium hydroxide. The problem of the nutrient for growing small plants 
of tubercle bacilli resolved itself around two questions ; the choice of a good 
nutrient and essentially the choice of a simply prepared nutrient. 

In Dorset’s whole egg medium and its modifications,® all the prerequisites 
for a good nutrient were present, but the possibilities of supporting the growth 
of small plants remained undisclosed because of lack of adequate test methods 
in those days. Petroif’s gentian violet egg medium contained sufficient re- 
tardant dj-e not only to retard the contaminants but also to retard small 
plants of tubercle bacilli; and Corper’s potato cylinder medium,” though a 
suitable nutrient, was too easily prepared improperly by the technician to 
become generally popular. Thus, also a number of the more complicated 
multiple mixture mediums, like Petragnani’s, Loewenstein's, Evanoff and 
Sweany’s, Sasano and Medlar’s, and other mediums, proved not entirely sat- 
isfying because of complications in preparation. Among the simply prepared 
mediums, the glycerol egg yolk medium’® when properly prepared appeared 
to offer simplicity, ease of preparation, and a good nutrient to recommend it ; 
however, it is still open to improvement of certain features such as overcoming 
the seasonal variation of eggs or the use of improperly stored fresh eggs u*ith 
the consequent detrimental effect of spoilage products on the growth of the 
bacilli. All in all, however, the egg yolk medium properly prepared and from 
fresh eggs proved the simplest and most efficient of nutrient mediums thus 
far recommended for the growth from small plants of mammalian tubercle 
bacilli. The matter of coloring the medium for contrast discernment of early 
colonies was left to the individual choice of the technician, since the retardant 
effect on contaminants was found to be unimportant and the color was merely 
added as an inert stain for contrast. As a matter of fact, experienced tech- 
nicians preferred to use the egg yolk without color and were able to note early 
colonies just as easily. However, for those desiring a color background, the 
color became a matter of indimdual choice covering a vide range from red 
through green, blue, and even black. The only drawback to dark colors was 
that a deeply colored egg medium coated the inside of the tube at the obser- 
vation zone many times and thus defeated the very purpose for which it was 
added. It was for this reason probably that many technicians chose malachite 
green or Congo red. dyes without intense colors. liVhcn analyzed, however, the 
color matter is not of great significance in the method or efficiency of the nu- 
trient so long as it possesses no retarding action on the growth of small plant- 
ings of mammalian tubercle bacilli.” 

Destroying contaminants or preventing their multiplication during sfor.age 
of the .specimen before adding the reagent for dc.stroying them, however, is 
of most impnrt.ance to the ultimate sneecss of the enltur.al procedure, since it 
becomes more difficult to clean out contaminations the more beavilv tlic soM-i 
men is seeded with them. 
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Witli the hope of hnclinf' a less active or potent crystalline material ob- 
tainable in pnre form, Avhich iniKhl allow more time for preparation of the 
specimen and which might even be added to the s])eeimcn immediately on 
collection, a mnnber of chemicals wore given consideration for the purpose 
of replacing the commonly used sodium hydroxide (3 per cent) and oxalic 
acid (5 per cent) reagents. After consideration of a large number of chem- 
icals in the past, a chemically pure tri.sodiiim phosphate used in crude form 
in laboratories for glassware cleaning pnri)oscs was given serious considera- 
tion. In preliminary tests it was found that a 10 per cent concentration 
(equivalent to 23 per cent of the chemically pure hydrated salt Na 3 P 04 !l 2 n 20 ) 
added to equal volumes of tine .suspensions of mammalian tubercle bacilli 
proved not only innocuous to the bacilli but was more protective than sus- 
pension of the bacilli in 0.9 per cent .saline .solution for long periods of time. 
The effects of 3 per cent sodium hydroxide, 5 ])er cent oxalic acid, and 10 per 
cent trisodium phosphate on suspensions of tubercle bacilli compared with 
saline .suspensions for intervals up to two weeks of contact are recorded in 
Tabic I. 


Tabue I. Effect or 3 Tee Cent Somuit IlYmioxinE, .'3 Pee Cent Oxalic Acid, and 10 Pee 
Cent Teisodium rno.spiiATn on Geowth of Tubeecle Bacilli 
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Aioie: A.I one wcck. lu per cent ii 
mally takes place in saline suspensions. 


•To 1.0, 0.001, and 0.000,001 mp. per cubic centimeter of tubercle bacilli in fine suspensi^ 
Tias added an equal volume of tlic reneont. After the incubation period indicated, the NaOH 
and NasPOi solutions were neutralized with 5 ptr cent HO, and the o.vallc acid was neiitralizco 
with 3 per cent NaOH before planting. Tbe plantings are necessarily onc-half of those m- 
dicated. 


tThc time of contact for killing contaminants in sputum and other specimens with 3 per 
cent NaOH and 5 per cent oxalic acid is thirty minuted to one hour at 37° Centigrade. 

IThe numeral indicates the number of weeks after which growth first appeared; the 
exponent indicates the number of tubes positive when all tliree tubes planted did not reveal 
growth. 


It is noted from the dat;i recorded in Ikable I that the addition of the 
10 per cent trisodiuin phosphate in equal volume to suspensions of tubercle 
bacilli is less detrimental over a period of two weeks at 37° C. than control 
saline suspension. Equal volumes of both 3 per cent sodium hydroxide and 
5 per cent oxalic acid show detrimental effects which become evident after 
two hours of contact at 37° C. -, this effect is more pronounced for oxalic acid 
after one day than for sodium hydroxide, although the latter is equally haim- 
ful to small numbers of bacilli after as eai-ly as two hours’ exposure. 
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To note further tJie effect of au equal volume of the 10 per cent trisodium 
phosphate at room temperature (20 to 25° C.) as compared vrith incubator 
temperature (37° C.) on tubercle bacilli and the contaminants in positive 
sputums,-six of these sputums were tested following contact with the reagent 
at intervals up to one week’s time. The results of these findings are recorded 
briefly in Table II. 

The data recorded in Table II indicate that the trisodium phosphate in 
equal volumes of a 10 per cent solution (23 per cent of the hydrated salt 
Na 3 P 04 . 12 Il 20 ) destroys the contaminants in these positive sputums on ex- 
posure for one or two days at room temperature and within about one day 
at incubator temperature (37° C.) ; whereas, e%-en one week’s exposure at 
incubator temperature (37° C.) was not particularly detrimental to the via- 
bility of the tubercle bacilli, although the longer interval of one week’s con- 
tact retards their growth. 

In order to note further the advantages or disadvantages of neutralizing 
or washing the treated suspensions, the experiment recorded in Table III on 
positive sputums was performed. 

From the results recorded in Table III it is to be noted that either neu- 
tralization or washing out the phosphate produces more satisfactory results 
when compared with the planting in the phosphate as such. When the phos- 
phate is neutralized or washed out, neither the room temperature nor the 
incubator temperature appear to be especially detrimental, although the incu- 
bator temperature is slightly more so. However, it is significant that the 
bacilli in sputum can be kept in the phosphate mixture for up to one week 
without preventing subsequent recovery of the tubercle bacilli planted on a 
good nutrient medium such as the glycerol egg yolk medium. 

The superiority of the one-day treatment at 37° C. %vith an equal volume 
of 10 per cent trisodium phosphate compared with the standard one-hour treat- 
ment at 37° C. with an equal volume of 5 per cent oxalic acid is illustrated 
from the examination of eighteen microscopically negative smear and guinea 
pig test negative specimens of sputiun from custodial cases. These disclosed 
three positive findings for one liiglily virulent and two moderately virulent 
strains of human tubercle bacilli as presented with the data recorded in 
Table IV. 

Human feces are difScult to prepare satisfactorily for cultural purposes, 
and Table V presents a comparison of oxalic acid (5 per cent) and sodium hv- 
droxide (3 per cent), with different time exposures from one day to one week 
at 37° C., to the trisodium phosphate (10 per cent). 

It is noted from the data recorded in Table V that while both oxalic acid 
and trisodium phosphate are more efficient in clearing up the contaminants 
in feces than is the sodium hydroxide, the trisodium pho.sphate proved superior 
to both the oxalic acid and sodium hydroxide in that a one-week exposure at 
37° C. sucff cdfd in a number of cascs-in removing the contaminants from the 
human fccc‘!. However, no satisfactory method has been found for recovering- 
tubercle bacilli from fcee.s. and this phase will he reported on fullv in a sub" 
.sequent detailed paper. ' ' 
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Table IV. Isolation' of Maaim.llian Tubercle Bacilli From Microscopic Siie-vr and 

Guine-v Pig Keg-vtive SpuTCiis 


PATIEXT 

results OF CL 
59c OX^VLIC ACID 
TREsVTMENT 
(1 HOUR 
-VT 37° C.) 

rLTtJRE TEST 

109c TRISODIUM 
PHOSPHATE 
TRE.VTMENT (1 
DAY AT 37° C.) 

YIEULENCE TEST WITH BACILLI 
ISOLATED'^ 

IV. E. 

0 

0 


S. H. 

0 

0 


-A.B. 

0 

0 


G.H. 

0 

4 . 

Moderately virulent 

G. R. 

0 

0 


H.A. 

0 

0 


C. 0. 

0 

4 . 

Highly virulent 

R.I. 

0 

0 


T. 0. 

0 

0 


E. K. 

0 

0 


K.E. 

0 

-t. 

Moderately virulent 

B. 0. 

0 

0 


H.A. 

0 

. 0 


8. E. 

0 

0 


B. A. 

0 

0 


R.O. 

0 

0 


M. I. 

0 

0 


O.Y. 

0 

0 



Note: TVe are indebted to Dr. Fritz Rosenberg. Medical Director of the Ex- Patients’ TU' 
ercular Home of Denver, for these sputums which were obtained from old custodial cases. 


Table V. Effect of Diffepxnt Ppja>APA.TiON Reagents on Cont.aiiin^lnt Microop.ganisjis 
IN Huhan Feces Obtained From Patients ITith Positive Sputeiis 



reagents USED TO DESTROY JIICP.OOP.GANISMS 


2 VOL. 0 % 1 

2 VOL. 39h 

2.5 VOL. 107e 

1 2.5 vol. 1091; 

2.5 TOL. 109c 


OXALIC 

SODIUM 

TRISODIUM 

TRISODIUM 

TRISODIUM 


-\crD 

HYDROXIDE 

PHOSPHATE 

PHOSPHATE 

PHOSPHATE 


TO 1 VOL. 

TO 1 VOL. 

TO 1 VOL. 

TO 1 VOL. 

TO 1 VOL. 


FECES FOP. 

FECES FOR 

FECES FOR 

FECES FOP. 

FECES FOR 


HL HE. 

1% HE. 

1 D.VT 

3 DAYS 

1 TTE. 

FECES number 

•AT 37° C. 

AT 37° C. 

AT 37° C. 

1 -AT 37° c. 

.VT 37° c. 

9646 

4* 

4 

3 

2 

0 

9391 

1 

4 

4 

4 

o 

9590 

2 

4 

4 

4 

0 

9537 

I 

4 

4 

4 

I 

9507 

4 

4 

4 

4 

9 

9529 

3 

4 

4 

4 

1 


•The number of contaminated tubes of 4 planted with neutralized treated fece.e. 


T.ible VI. Effect of Sodiujc Hydroxide, Oxalic Acid, .vnd Tp.isoDtCii Phosphate 
Tre.vt.ment Upon Molds and Acid-Fast Saprophyte 




TIME OF 

TEMPERATURE OF 



COXTACT 

cultupa: test 



.VT 37° c. 

FOP. AT.VBILITY 

MICROORGAN'ISM 

EEAGEXT 

(nr..) 

ROOM 1 37° C. 

39c sodium hvdroxide 

1 



PenicilUum notatum 

.Actinomyces jiriscus 

Acid-fast sanroplivto 
(Dav) 

— ^ 'J- 1 risotnum piios 

<,rov\Hi of tl„. mold or acid-fast saprophvtc, 
I Absence of growOi ' 


5% Oxalic acid 
109c Trisodium phosphate 

39'c >'aOH 
59c Oxalic acid 
I09c Trisodium phosphate 

I09<: Trisodium phosphat e \\ 


i 

1 

24 

0 

1 
24 
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In Ol'der to note the cll’cct of sodium iiydroxide, oxalic acid, and Irisodhira 
phosphate on FcnicilUum iiofafnin and Ac(tnovi!/ccs grtscus, as well as on an 
acid-fast saprophyte, the experiment recorded in Table VI nnis performed. 

The findings recorded in Table VI indicate that the trisodiiim phosphate 
(10 per cent) is capable of destroying 7\ oioiaium within one hour at 37° C. 
and twenty-four hours at room temperatni’c, and sodium hydroxide (3 per 
cent) does this within one hour at 37° C. and two liotirs at room temperature; 
however, oxalic acid (5 per cent) applied for four hours at 37° C. is unable 
to destroy this organism. ^Yith A. griscus just the reverse is true in that 
oxalic acid (5 per cent) is capable of destroying thi.s organism in one liour 
at room temperature. Sodium hydroxide (3 per cent) for two hours at 37° C. 
and trisodium pho.sphatc (10 per cent) for one day at 37° C. are inactive. 
Acid-fast saprophyte (Day) is destroj’cd by 07)c and one-half hours’ con- 
tact with 10 per cent trisodium pliosphatc. Tliese findings suggest that it may 
be necessary at times to use both alkali (trisodium phosphate) and acid (oxalic 
acid) ti'eatment to destroy certain mold cojitaminant.s, if we can draw con- 
clusions from the tests witli P. notutum and A. griscus. 

SUMMARY and conclusions 

1. A new reagent, trisodium phosphate, has been tested to determine its 
value in comiiarison with the standard rcagent.s, including oxalic acid and 
sodium hydroxide, for destroying contaminants in tuberculous materials in 
preparation for the cultural diagnoses of tuberculosis and for isolating mam- 
malian tubercle bacilli. 

2. Ti’isodinm phosphate is a reagent which is a pure crystalline chemical 
material of standard composition. In 10 per cent solution (23 per cent of the 
Na 3 P 04 . 12 H- 0 ), it can remain in contact with tubercle bacilli for up to a 
week at room temperature without destroying small numbers of tubercle 
bacilli, but it destroys the undesirable contaminants in sputum within twenty- 
four hours at 37° C. or within several days to a w'eek at room temperature. 

3. Trisodium phosphate as a reagent for destroying contaminations found 
in tuberculous materials can also be placed in the receptacles used for col- 
lecting the tuberculous specimen and thus immediately prevents the develop- 
ment of molds and undesired contaminants. This procedure assures better 
materials for culturing mammalian tubercle bacilli and therefore the loss of 
valuable specimens. 

4. The time required for destrojdng contaminants by tlie trisodium phos- 
phate is one day at 37° Centigrade. This also adds to the convenience with 
which the technician can prepare his specimens for culture, since there is no 
necessity for haste in the preparations such as is required with the previously 
used reagents sodium hydroxide and oxalic acid. 
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JIODIFICATJON 0]-’ TJIE FAUST IMETIIOD IX TIIF. DETECTION 

01-' CYSTS AND OVA 


Baiii.7 J. Bakoody 
TisnioNsviMAC, S. C. 

T he Faust method for the couecnlralion ajid liolalion of cysts and ova has 
proved valuable as a diagnostic aid in certain infections of the gastrointes- 
tinal tract, particularly ainol)iasis.’ During tlio suinnicr and fall of 1945, ever- 
increasing troops with amebiasis were arriving from the Pacific Theatre of 
Operations. The diagnosis on some of llie.se cases was confirmed immediately by 
the direct smear method alone duo to the great number of Endamocha hislohjiica 
cysts present. Neverthelcs.s, some clinically diagnosed ca.scs continued to exist 
in which negative results were consistently obtained both by the direct smear 
and the Faust zinc sulfate flotation method.s. Ex])eriencc had taught us that 
the latter is the belter method in the search for cysts, so we began to suspect 
that our negative results occurred beeau.se cysts were inconsistently present in 
the stools or because the clinical diagno.sis was incorrect. As recommended by 
Faust and othei-s,' patients were purged with a saline cathartic and subsequent 
stools were examined.^ Both vegetative and c^’st forms were recovered in some 
of the cases, the latter forms being found mostly by the zinc sulfate method. In 
spite of the purgation, only a few cysts were found. The remaining negatives 
were examined daily for a week and remained negative even after purgation. 
Thinking that in the routine method of Faust the stool sample might be too 
small, we decided to modify the method by cojnbining it with my method for 
detecting schistosoma which had given excellent I'csulls in over 25,000 examina- 
tions of 800 patients with schi.stosomia.sis japonica.^ The modified method is as 
follows. 

THE jMOminCATION 

1. Place about 10 Gm. of feces in a 125 e.c. Erlenmcyer flask containing 
about 75 c.c. of warm water (about 40° C.) ; stopper-tlie flask and shake until 
emulsified. 

2. Strain through 1 layer of wet gauze into a 50 c.c. centrifuge tube (teated 
bottom) . 

3. Centrifuge for one minute at 2,500 r.p.m. and pour off supernatant fluid. 
Add warm water to the sediment from a regulated faucet (force of the water 
will disperse the fecal particles and cleanse them) and centrifuge again at the 
same time and speed. Decant supernatant fluid; repeat one more washing and 
centrifugation; again decant supernatant fluid. 

Beceived for publication. Sept. 12, 1946. 

1372 



MOMFlCATIOX OF FAUST METHOD IX DETECTION OF CYSTS AND OVA 1373 


4. Add about 10 c.c. of warm water and agitate sediment by shaking ; then 
pour quickly all of contents into a 15 c.c. centrifuge tube. Centrifuge for one 
roinute at 2,500 r.p.m. and decant supernatant fluid. 

5. Add about 10 c.c. of zinc sulfate solution (33 per cent, specific gravity 
1.180) to the sediment and stir with applicator sticks. Add zinc sulfate nearly 
to top of tube. Centrifuge for one minute at 2,500 r.p.m. Ova and cysts will 
float to the surface. 

6. Take se%'eral loopfuls (bacteriologic loop) from surface and place on 
slide; add 1 drop of D ’Antoni's or Lugol’s iodine and cover with a cover slip. 
Examine for ova of helminths and cysts of protozoa imder low-power objective 
of microscope. 

DISCUSSION OF METHOD 


This method varies from the original method (Faust’s) as follows: 

1. A much larger sample of feees is utilized, thereby increasing possibility 
of detection in lightly infested eases or when cysts and ova are rare in the stool. 
Cysts and ova quite often are not evenly distributed and a large sample is de- 
sirable. Cysts, particularly, may exist in “packets” and can be missed from 
a remote small section. If only one cyst or ovum is present on a slide (this quite 
often occurs), the average technician may experience great difSeulty in find- 
ing it. 

2. The use of warm water (about 40° C.) certainly has advantages over the 
use of regular or so-called cold water. If cold water is used, washing of the 
•sediment can be accomplished and most of the bile coloring matter is removed; 
yet, this tj-pe of washing is not complete because a loose scum remains m'th the 
•sediment and has a tendencj* to float when the zinc sulfate is added, thereby 
impairing the clear field which should exist for the microscopic examination, 

'The so-called fatty tj-pe of stool offers practically the same difficulty, and the 
use of cold water is not of too much value. On the other hand, the use of warm 
water eliminates a high percentage of the scum or fats. After the water is added 
the scum rises to the surface within one minute, remains floating after the 
centrifugation, and eventually is discarded with the supernatant fluid. Each 
additional washing brings up less scum until it is practically all discarded. "Wlien 
the zinc sulfate now is added, the surface of the liquid is fairly clean and makes 
a good field for microscopic examination. Some workers have suggested the 
ii-se of cold physiologic saline for the washing, but this is also inferior to plain 
warm water. 


3. The initial use of the large 50 c.c. tube instead of the .smaller test tube 
IS fii-st of all important because it is neeessarj- to receive a large sample from 
the original 10 Gm. of stool. Our purpose would be defeated if 10 Gm. of stool 
were originally emulsified and only 5 to 10 c.c. of the emulsified fluid examined. 
^Yith the tcated bottom of the 50 c.c. tube there is loss tendency for cysts or ova 
to be lost in the decanting process. With the larger tube the proportion of 
sediment to the size of the tube decreases the number of washinns and oentrifimn. 
t ions in arriving at a clear supernatant fluid; three or fourVa.shings usuaflv 
give this desired result and a clean zinc sulfate preparation. ' ’ 
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nAIlOODY 


CONCLUSIONS 

A modification of the Faust melliod is described, wiiich increases the yield 
of cysts and ova as ivcll as Slrongyloidcs hnuic. It is of particular value ivlien 
cysts, ova, and larvae arc rare in the fecal specimens. 
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A RAPID PYRIDINE SILVER STAIN FOR NERVOUS TISSUE 
AND RETICULAR FIBERS 


Lieutenant Coiiji^andee Samuel P. Hicks 
jMedical Corps, United States Navy 

T he explosive nature of ammoniacal silver solutions^*^ and the technical diffi- 
culties attendant upon their use for staining nervous tissue elements and 
reticular fibers have led to the development of a simple and rapid silver stain 
for these purposes. PjTidme is employed instead of ammonium hydroxide in 
the preparation of the silver stain, rendering the solution easy to prepare and 
obnating the danger of explosions. For routine purposes the method is useful 
for demonstrating axons and dendrites of neurons, Alzheimer's neurofibrillary 
change, fibrillary astroej'tes, and reticular fibers. 

/. To Demonstrate Axons, Dendrites, and Alzheimer's K eurofibrUlary 
Change . — 

1. Collect formalin-fixed frozen sections about 25 g. each in distilled water 
containing a trace of ammonium hydroxide. 

2, Transfer sections to silver pyridine solution for about six to ten min- 
utes. Solution is prepared by mixing the following together until clear: 


Silver nitrate, 1 per cent 2 c.c. 

Potassium carbonate (anhydrous), 1 per cent 1.5 c.c. 
Pyridine (pure) 0.16 c.c. 


3. Transfer sections directly to excess 10 per cent formalin neutralized 
'rith calcium carbonate for about one minute. 

4. Float sections onto slides, dehydrate through alcohols and xylols in 
usual manner, and mount in balsam. Axons, dendrites, Alzheimer’s pathologic 
neurofibrils, and nuclei stain black against yellow background. 

11. To Demonstrate Fibrillary Astrocytes. — ^The method is exactly the same 
as for nerve cell fibers, except that fixation is carried out in formalin bromide 
(2 Gm. of ammonium bromide in 100 c.c. of 10 per cent formalin). Processes of 
fibrillary astroej'tes stain black, while axons and dendrites are usually poorly 
stained. 

in. To Demonstrate Reticular Fibers . — 

1. Hydrate routine formalin-fixed paraffin sections in usual manner. 

2. Transfer slides to potassium permanganate per cent solution for five 
minutes. Rinse in tap or distilled water. 

3. Transfer to oxalic acid 5 per cent solution for five minutes. Rinse well 
in distilled water. 


n'^ nco-«f.-vnU^ 1’’’® paper are tho«e ot the author and 

i me of the Navy Department, 

necelvrd for publlcaUon. Sept. 16. 1546. 
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4. Transfer lo silver pyridine solution, prepared by mixing the folloi\ing 
together sueccssively until elear, and stain for seven minutes: 

Silver nitrate, 1 per eent 20 ce. 

Potassium carbonate (anhydrous), 1 per cent 15 c.c. 
Pyridine (pure) 1.6 c.c. 



Fig. 1. — Alzheimer's neuronbrlllary change In cerebral cortex. Pyridine siher stain (section 

2S m), seven minutes x200. 



Fig. 2. — Fibrillary astrocjtes. Focal level on cential .astiocyte (section 25/j) X'lOO. Pyridine 

silver stain, nine minutes. 

5. Transfer directly to excess of 10 per cent formalin (neutralized with 
calcium carbonate) for about one minute. 

6. Dehydrate in alcohols and xylols in usual manner and mount in balsam. 
Eeticular fibers stain black. Nuclei are not stained black by silver. 

The silver pyridine solution is prepared fresh just liefore staining and maj’’ 

be used for one to three hours. Merck’s and Eastman Kodak’s chemically pure 
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pyridine have been found satisfactory. Toning with gold chloride and the ap- 
plication of countei-stains may be employed in the manner described in texts 
on staining methods. For routine purposes this is not usually necessary. 
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THE QUANTITATIVE lOillN TEST : KESULTS AVITII 2.5 PEK CENT 
AND 0.9 PER CENT SALT SOLUTION COiAIPARED WITH 
THE DEGREE OP REACTIONS OF THE 
STANDARD KAHN TEST 

Cooi'KK BKOUGiinn, B.S., Georgi: i\r. C.\jii:rox, Pii.D., Rurus 
Buchanan, B.S., and Kent Roark, B.A. 

Nashville, Tr.xN, 

S INCE 1940 tlie routine laboratory tests for .sy]jliilis in tlic Division o£ Lab- 
oratories of tlie Tennessee Department of Public Health have been the i)re- 
sumptive and standard Ivahn te.sts for blood specimens and the Kobner com- 
plement fixation test for spinal fluid. All tests arc perfomied in exact accord 
■with outlines of methods by author serolo^ists.’’ " Antigen for the Kobner com- 
plement fixation test is ])urchased from commercial sources. Antigen for the 
Kahn standard test is purchased from the University Hospital, Ann Arbor, 
^Michigan. Both tests have been included in annual national evaluation studies. 

"With the advent of rajiid treatment centers in the state, the need became 
acute for quantitative tests to determine the serologic status of ])aticnts with 
syphilis before and after treatment. At first these quantitative tests were sent 
to Dr. Reuben L. Kahn at Ann Arbor. Ijatcr the Central Laboratory of the 
Division of Laboratories was able to .start making (piantitative Kahn tests fol- 
lowing the method given by Kahn-’’ in Supplement 11, Venereal Disease Informa- 
tion. For a while duplicate .specimens were sent by the treatment eentors to 
Kahn’s Laboratory and to the Central Laboratory. Titers on these duplicate 
specimens were quite different, with Kahn's Laboratory obtaining consistently 
higher titers than the Central Laboratory. Investigation revealed that Kahn’s 
Laboratory was using 2.5 per cent salt .solution in dilutions and in the per- 
formance of the test, wdiilc the Central Laboratory was using 0.9 per cent salt 
solution. The Central Laboratory changed to 2.5 per cent salt solution, using 
a 6:1 serum antigen ratio, and no further significant diffei-ences were noted in 
the titers obtained in the two laboratories. The Central Laboi-atory took over 
the examination of rapid treatment center specimens for quantitative tests in 
1944, as a special procedure. 

The numbers of specimens handled as s])ecial procedures for the treatment 
centers have increased steadily, and at present the Central Laboratory is making 
over 4,000 such quantitative tests each month. Tliis increasing load, in addition 
to increases in routine serologic work in a serologic section of limited space and 
personnel, has been of considerable concern. To cut down to some extent on 
the work involved, thought was given to the elimination of the standard Kahn 
test as a preliminary to the quantitative Kahn test. The standard test seemed 
a very poor screen for the quantitative test on specimens from previously diag- 
nosed patients with syphilis when the work involved in the standard test was 
considered in r-elation to the numbei-s of such specimens eliminated from the 
quantitative test. As all specimens for the quantitative Kahn test were from 

From the Division of Laboratories, Tennessee Department of Pubiio Health. 
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previously diagnosed untreated patients, or from previously diagnosed treated 
patients, it was decided that tlie standai’d Kalin test could be safelj' eliminated 
as a preliminaiy to the ciuantitative Kahn test if the first tube of the quanti- 
tative test contained undiluted serum with the usual dilutions of serum in the 
remaining tubes. When this was tried in practice, it was found that certain 
sera gave negative or doubtful reactions in the undiluted state but gave posi- 
tive reactions in one or more of the dilutions. The standard Kahn test applied 
to these sera gave negative or doubtful reactions. 

We liave considered the standard Kalm test as quantitative in its differen- 
tiation of negative and weakly positive sera with the quantitative Kahn test 
in direct correlation and of value in determining the potency of strongly positive 
sera imdifferentiated by the standard test. This conception is apparently in 
error when 2.5 per cent salt solution is used in the quantitative test, as it is not 
reasonable to consider the number of specimens we encountered that ga%’e titers 
as due to prozones. 

The fact that titers were obtained on negative or doubtful standard Kahn 
tests was disturbing, as patients are returned to rapid treatment centers one 
year after initial treatment if they show 10 or more Kahn reacting units (2 plus 
reaction in 1:2.5 dilution or higher). Before retreatment at medical centers, 
the serologic record of the individual is reviewed: if the serologic titer has 
leveled off at 10 rmits or more retreatment is given; if the record shows a con- 
sistent, continued falling titer the patient is re-evaluated at monthly intervals 
for two months; if further drops occur the patient is not retreated and is fol- 
lowed for additional periods. 

The plan of eliminating the standard Kahn test as a preliminarj- to the 
quantitative Kalm test was abandoned as was the use of 2.5 per cent salt solu- 
tion in the quantitative Kahn test. The quantitative Kalm test employing 
2.5 per cent salt solution (6:1 sei-um antigen ratio) was applied experimentally 
to specimens received for routine diagnostic test. The specimens titrated were 
unselected other than that those chosen were specimens with sufScient serum 


giving normal tj*pes of reaction in the folloAving groups: (1) negative standard 
Kahn; (2) doubtful standard Kahn; (3) 2 plus standard Kahn; (4) 3 plus 
standard Kalm; and (5) 4 plus standard Kahn. No specimens giving atj-pical 
or revei-se reactions were included, as such abnormal reactions are usually given 
by highly potent sera which are likely to yield prozone reactions, Kesults ob- 
tained with the quantitative Kahn test, employing 2.5 per cent salt solution 
on these five groups of specimens, are given in Table I. 


For comparative purposes the quantitative Kahn test emplojing 0.9 per 
cent salt solution (6;1 serum antigen ratio) was made on appro.vimatelr the 
same numbers of routine specimens giving normal types of 3 plus and 4* plus 
reactions. No specimens giving atypical or reverse reactions were included 
Results obtained with the quantitative Kahn test emplovinn 0.9 per cent saline 
on these two groups of specimens are given in Table II. “ 


UlSCUiSSIOX 

It IS understood that the quantitative Kahn test is intended ontv -r 
With sera trivin" ^ ^ iJULiiuea oniv for 115? 

gi m, strongli positive reactions with the standard Kahn le^t. 
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ever, it is felt that this restriction has been imposed because it was considered 
that sera giving negative or Aveakly positive reactions ^th the standard Kahn 
test would invariably give negative results with the quantitative Kahn test 
and not because it was thought that confusion would result fi'oni the titration 
of such specimens. 

lYlieu the quantitative Kahn test emploj-ing 2.5 per cent saline (Table I) 
was applied to sei’a giving negative standard Kahn reactions, 19 per cent of 
these specimens gave a titer of 10 or more Kalm reacting units. Titers of 10 
or more Kahn reacting units were obtained uith 76 per cent of specimens giving 
doubtful standard Kahn reactions. Titers of 10 or- more Kahn units were ob- 
tained with 89 per cent of 2 plus specimens, 93 per cent of 3 plus specimens, 
and over 99 per cent of 4 plus specimens. 

■When the quantitative Kahn test employing 0.9 per cent saline (Table II) 
was applied to approximately the same numbers of 3 plus and 4 plus specimens, 
it was found that less than 2 per cent of 3 plus specimens and only 71 per cent 
of 4 plus specimens gave titers of 10 or more Kahn imits. 

It seems logical to expect that a certain number of specimens giving a 4 
plus reaction are only potent enough to pi’oduce this 4 plus reaction. The value 
of the quantitative test is in the differentiating or grading of these 4 plus or 
strongly positive specimens into those that are 4 plus, 40 plus, or 400 plus. 


COXCLUSIOXS 

The results of this study indicate that the quantitative Kahn test employ- 
ing 2.5 per cent salt solution is on a different sensitivity level than the standard 
Kahn test. There appears to be little correlation between the degree of reaction 
obtained with the standard Kahn test and the titer obtained with the quanti- 
tative Kahn test emplojdng 2.5 per cent salt solution. The standard Kahn test 
and the quantitative Kahn test employing 0.9 per cent salt solution (6:1 serum 
antigen ratio) seem to be on the same sensitivity level. There appears to be a 
direct relation between the reaction obtained with the standard Kahn test and 
the titer obtained -with the quantitative Kahn test employing 0.9 per cent salt 
solution. From our observations it seems that the exaggeration of the potencA- 
of syphilitic serum through the use of an overly sensitive quantitative test 
is of doubtful value and can be justified with difficulty where patients are re- 
treated on the basis of an arbitrarj- low titer after one year. 


SUililAKY 

Titei-s obtained in quantitative Kahn tests employing 2.5 per cent and 0.9 
per cent salt solution are each compared with results obtained in the standard 
Kahn test on sera giving normal typical r-cactions. Tables are presented sbow- 
ina diffcvencos. 


REKEKEXCES 




A NOTE ON QUANTITATIVE KAHN TESTS EiMPLOYING 0.9 AND 2.5 
PER CENT SALT SOLUTION SYSTEMS 

' Reubex L.- IfAirN, Sc.D. 

Akx Akbok, Mich. 

I NQUIRIES are oeeasioually received hi tliis lahoralory regarding the technique 
of the quantitative Kahi? test.® This test is not iierformed identically by 
different workers. Some employ serial dilutions of serum with 0.9 per cent 
NaCl solution and others emploj' serial dilutions of serum with 2.5 per cent 
NaCl solution. The quantitative test with 2.5 pev cent salt solution is generally 
more sensitive than that with 0.9 per cent salt solution to the extent of approxi- 
mately one or two additional serum dilutions. Thus, a serum that gives an 
end point in a 1:20 dilution with 0.9 per cent salt solution may give an end 
point in 1 ;30 or 1 :40 dilution with 2.5 per cent salt solution. 

In the reading of the results of the quantitative test with 2.5 per cent 
salt solution, emphasis has been given to the fact that the negative reactions 
tend to show clouding and precipitation on standing. This occurs even when 
they stand for relatively short periods, such as five to ten minutes. For this 
reason the results should be read without delay after the addition of the 0.5 
c.c. amounts of 2.5 per cent salt solution, following the three-minute shaking 
period. Apparently it is this concentration of salt solution w’hieh causes the 
clouding and precipitation on standing. Shaking by hand for a few seconds 
disperses such precipitates and renders the tests clear again. Those workers 
who have not paid strict attention to this shalting of the tubes just before 
reading soon found themselves reading particles due to standing of the tests 
in the presence of the 2.5 per cent salt solution. 

Some years ago we recommended the quantitative technique with the 2.5 
per cent salt solution, because studies in this laboratory indicated that tlie salt 
concentration favors syphilitic reactions and renders them more sensitive than 
0.9 per cent salt solution. The increased seJisitivitj' seezned desirable because 
the quantitative test was then used largely in known cases of syphilis in the 
follow-up of therapy. 

There are, however, points in favor of the use of quantitative Kahn tests 
with 0.9 per cent salt solution. During recent years quantitative tests have 
been used as an aid in diagnosis; hence, the high sensitivity of the 2.5 per cent 
system may also introduce an element of nonspecificity in certain cases. The 
tests with the 0.9 per cent system do not show a tendency toward clouding on 
standing and, therefore, do not require agitation immediately before reading. 
Furthermore, quantitative results with the 0.9 per cent system show closer 
correlation with the results of the standard Kahn test than quantitative results 

From the Serology Laboratory, University Hospital, University of Michigan. 
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mth the 2.5 per cent system. Thus, in order to avoid confusion between the 
1 to 4 plus terminologj'- of the standard Kalm test and the unit terminologj' 
of the quantitative test, we arbitrarilj' correlated the two terminologies as fol- 
lows: One plus, 2 plus, and 3 plus in the standard test were arbitrarily con- 
sidered as 1 unit, 2 units, and 3 units in the quantitative test. Sera giving 1, 2, 
or 3 plus reactions with the standard Kahn test generally give negative reac- 
tions on serial dilution of serum. Occasionally it will be found that a serum 
giving a 2 plus reaction, and partieularl 3 ' a 3 plus reaction in the standard 
test, will give a titer of 10 or 20 or higher in the quantitative test. The results 
are then reported to phj^sicians with the explanation of this exceptional behavior 
of the serum. However, when performing quantitative tests with the 2.5 per 
cent NaCl sj’stem with weakly ])ositive sera, greater numbers -will be found to 
give quantitative titers. Hence, 1, 2, or 3 plus reaetions with the standard 
test cannot, strietly speaking, be considered as equivalent to 1, 2, or 3 units 
in the quantitative test. 

In this laboratory quantitative tests with both the 0.9 per cent and 2.5 
per cent NaCl systems are emploj'ed in most cases. This scheme is obviously 
not feasible for general application. As to the choice between the two quan- 
titative techniques, we believe that in view of the fact that quantitative Kahns 
are no longer used almost exelusivelj" as serologic checks on therapy in syphUis, 
but are used increasingly as an aid in the establishment of a diagnosis, the 
0-9 per cent NaCl system should be preferred. 



A SIMPLE AND SAFE METHOD FOP THE GASTRIC INSTILLATION 

OF FLUIDS IN THE RAT 

Hakuy Siiay, M.D., and JVIakgot Ghuexstkin 
Philadelphia, Pa. 

""Tp _ ^ used <i.s an exjierimeiital animal in the field of nutrition 

1 reeently it ha.s gained an important place for the 

study of problems in digestion. Both of ti.e.se fields of application have made 

I'upid and safe method for introducing measured 
amounts of fluid into the stomaeli be devised. 

early ns 1908 *Afarks> emiiloyed a silk-rubber catheter for the stomach 
u e eeding of mice. His method required two operators. In 1943 FerrilP 
described Lie use of a metal cannula made from an injection needle carrying a 
sma perforated brass knob. He claims safety and .speed for the method. 
fi u lubber catheter ahva 3 ’s involve the problem of preventing 

he rat from biting die tube. .Mo.st operatons^. ‘ employed a wooden mouth gag 

1 ^ pa.ssage of the catheter. We have tried this method 

iin t time consuming. The wooden mouth gag often 

urts the animal causes it to struggle, and not infrequently injures the mouth 

Pv'ffifi ° suspension method described bv Machella and 

Li ffith too time consuming to be ased for large groups of animals. We liave 
no e-\perieuce with the procedure recently reported by Lehr,'* but from its 
description it involves many more steps than the very simple and .safe method 

from After a little e.xperienee the kiss of animals 

fiom intubation by this method is ail but eliminated. 

-AIETIIOl) 

® lubber catheter with a depressed e\'e is used as the 

s omac tu e. M ith the rat resting on the table and its iiead facing toward 
he operator .s right, the left hand of the operator is spread aciuss the animal; 

e thumb and index finger are so placed that the middle of the distal phalanx 
o t le former is at the angle of the mouth, while the latter straddles the base of 
le sm 0 tie animal (Pig. 1). This arrangement gives these two fingers 
control of the head. The palm of the left hand fixes the animal to the table by 
gentle pre.s.sure on its back, tii this way all four feet of the animal are im- 
mobilized. Ihe thumb is then slid upward and backward, a procedure which 
draws the tissues back, opens the jaws, and at the same time slightly turns 
the head of the animal toward the operator (Fig. 2). This position must be 
maintained until the end of the procedure. The tip of the rubber catheter is 
moisten ed with normal saline (not oil) and is inserted over the tongue and 

From the Fels Research Institute. Temple University School of Medicine 
Received for publication. Sept. 19, 1946. 
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passed either along the right or the left side of the mouth, keeping the tube as 
close to the cheek as possible. By this maneuver the tube moves readily down 
the esophagus into the stomach (Fig. 3). If any resistance to the passage of 



Fig. 1. 



the tube is met, the tube should be removed and reiutrodueed Th. 1 * 
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stoniacli wall is readily reeogni/ed. AVlieii measured amounts of fluids are to 
be injected, the catheter is attached to a Luer syringe and the fluid is drawn 
through the catheter before being introduced into the stomach. This permits 
one to ignore the fluid which remains in the catheter at the end of the injec- 
tion. After <the fluid is slowly injected into the stomach, the catheter, with 
syringe attached, is quickly withdrawn. 



Fig. 3. 

We have intubated several thousand rats bj’ this method. In some the 
catheter was inserted three times a day for several months without apparently 
causing any discomfort to the animal. The technique may be learned quieklyi 
and after a little experience one operator can handle sixty animals an hour. 
We have used the method successfully on animals w'eigh'ing as little as GO 
grams each, 

SUMMARY 

A simple and safe method for gasti'ic intubation and for the gastric in- 
stillation of fluids in the rat is described. 


REFERENCES 

1. Marks, L. H.: Stomach Tube Feeding in Mice, J. Expor. Med. 10: 201, 190S. 

2 Ferrill, H. W. : A Simplified Method for Feeding Eats, J. Lab. and Cun. Med. 28. 
1621, 1943. 

3. Burn, J. H.: Biological Standardization, London, 1937, Oxford University Press, 
pp. 71-72. . , 

4 Machella, T. E., and Grifiith, J. Q., Jr.: The Eat in Laboratory Investigation, editea 
by J. Q. Griffith, Jr., and E. J. Farris, Philadelphia, 1912, J. B. Lippincott Com- 
pany, pp. 161-165. 

5, Lehr D.: Stomach Tube Feeding of Small Laboratory Animals, J. Lab. and Cui'- 
’ Med. 30: 977, 1915. 



BOOK REVIEWS 


Human Embryology. By Bradley If. Patten, Ph.D., Professor of Anatomy, University of 
Alichigan School, Ann Arbor, Michigan. The Blakiston Company, Philadelphia, 1946. 
Price $7.00. Cloth with 776 pages (illustrated). 


The recent publication of the new textbook of Human Embryology by Professor B. AI. 
Patten is an unusually serviceable and timely contribution to the study of the subject. 
For a textbook covering material so full of detail, little of importance has been omitted. 
The volume is, admirable for the clarity with which it is written and is highly recom- 
mended..- Because the book is scholarly and gives a somewhat dogmatic approach to the 
anatomy of the developing human embryo and fetus, it will probably be adopted as a 
standard textbook in many medical schools. The author does not stray from his purpose 
of designing the work- primarily for students of medicine and for physicians. Embryology 
is presented in a practical manner to both student and teacher, on paper that is relatively 
good for these times. The compilation of subject matter is amazingly complete and accu- 
rate, and the writer includes few text references to disrupt the continuity of the discourse. 
However, a list of 939 articles is arranged according to subject matter in the bibliography. 
The index is both complete and easy to use. 

While the aim of the book is both analytical and informative, it presupposes a gen- 
eral knowledge of the subject, particularly that of the development of the chick. Emphasis 
is given to the comprehension of developmental processes rather than to illustration of any 
particular form, other than that of man. Comparative anatomical aspects of the subject, 
therefore, are minimal. It is apparent, however, that the author is well aware that many 
features of human embryonic development are incomprehensible unless viewed in the light 
of development of some lower forms. The section on the phylogenetic development of 
muscles of facial expression, for example, is certainly adequate. The author’s keen in- 
sight into the subject, appreciation of students’ difficulties, and broad experience in inter- 
preting our present knowledge of human developmental processes is apparent in the topics 
selected for detailed discussion. 


Organization of subject matter is such that it provides a direct continuity between 
consecutive subjects, making for a unified discourse on human development rather than 
a series of individual treatises. Following the newer trend, proper names have been re- 
placed largely by names descriptive of the structure; the term ovum is used only in the 
restricted sense. Beginning with a short account of the history of embryologv and the 
purpose of embryology in the medical curriculum, the text passes to a logical consideration 
of male and female reproductive organs. The sexual cycle is discussed adequately in the 
chapter devoted to processes of fertilization and sex determination. Segmentation of the 
zygote and establishment of the germ layers and the early embryonic body are well de- 
scribed, especially the section on formation of mesoderm and the origin of the primitive 
streak. The Hertig-Kock 11- and 12-day-old human embryos are discussed, but the more 
recent 7- and 9-day-old human embryos are not included. Chapter five gives a good in 
sight into the early dilTereutiation of various regions of the body from primitive streak 
material. It is especially serviceable as a guide to the study of the 5 to 15 mm. pig embrvo 
and is a good substitute for a separate section devoted to laboratory instructions Of 
value also is a concise but pertinent account of early differentiation of the or-an systems 
in very young human embryos winch facilitates the comprehension of a complete ffictu“e 
of embryos, as a whole, up to .-,x weeks of age, an age comparing favorably with that nf 
5 to 15 mm. pig embryo.-, hub-eiiuent stages of -rowth of t ’ ^ 

Mderod in detail in later chapters. The se-ctions ^n Sal m!mb 

as well as those concerned with the or-an svstems ar- w- ll P i placenta, 

rr„an sj stems, are well balanced and provide a good 
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eiubryologie foundation for advanced medical study. The cliapter on age and body growth 
and form includes a number of authoritative graphs. Those depicting the growth of the 
body' in stature during prenatal and postnatal life and mean weiglits of organs at different 
periods of fetal growth will bo very useful. The description of twins, double monsters, 
und teratology' letives little to be desired. Causative factors operative in the production 
of developmental anomalies are also di.scussed. Particular stres.s is placed throughout the 
te.xt on the more common developmental anomalies in human embryos. These are well 
described, admirably illustrated, and of value to clinicians. The section on Spina bifida 
is an e.xcellent example, along with others cited, of the author’s belief that it is diflicult 
to try to explain all anomalies on the basis of the theory of developmental ariest.--. 

Advanced stages of organogenesis, as well as histogenesis and fretpient recourse to 
pictorial and descriptive accounts of postnatal development and comparisons between the 
new'born und adult, permeate the text. This highly desirable practice facilitates the cor- 
relation of embryology' with the study' of histology' and gross anatomy. Punetional aspects 
of the work are intimately' associated with developing structures tliroughout the greater 
part of the book. Outstanding sections of the text are those dedicated to the connective 
tissues and skeleton, nervous system, body' cavities and mesenterie.s, urogenital system, ami 
postnatal changes in circulation. Kmphasis is also ascribed to histogenesis of the cerebral 
cortex, retina, general sense organ.s, digestive .system, endocrine organs, and gonad-. Much 
of the illustrative data has been obtained from the tfniversity of Michigan slide collec- 
tions. The numerous illustrations are well chosen und instructive. While they have been 
designed for more than sheer beauty, it would bo dillicult to surpass many of these ilfus- 
^ trations in artistic merit. Illustrated gross dissections tell an accurate story' and serve as 
excellent teaching guides. The figures showing postnatal development of the skeletal, 
muscular, nervous, digestive, and circulatory' sy'stems should be of great value to tho.se 
less expert than the author. 

The author clearly portrays embryology as a basis for understanding other anatomical 
sciences. He points out that it vv'ill lead the student “beyond anatomical memorising to 
a comprehension of anatomy'.’’ It will be recognized that such a textbook, despite the 
advances of experimontal embryology, must contain some degree of dogmatism. The 
author’s experience and contributions, howev'cr, have made his opinions well worth know 
ing and worthy' also of the dignified format chosen. 


.T. H. V.VN' Dyke. 
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Benadryl, influence of, upon normal persons 
and upon tliose suffering from dis- 
turbances of autonomic nervous 
system, 500 

nature of action of; effects upon human 
eye, 114S 

Benediet-Eoth apparatus, assuring accuracy | 
in determination of oxygen con- I 
sumption bv, simple method for, i 
1254 ■ ' 

Beriberi heart disease, study of, at Cincin- 
nati General Hospital, 490 
Beta hemolytic streptococci, resistance of, to 
sulfadiazine, in vitro method for 
determining, 24S 

Bile, dog, concentration of streptomycin in, 
131‘J 

Bilirubin in urine, semiquantitative estima- 
tion of, by means of barium-strip 
modification of Harrison's test, 
914 

Bilirubinuria, methylene blue test for, 924 
Biologic products, application of “lyophile 
technique,” to, 340 

Biuret reaction, applicability of, to deter- 
mination of serum albumin by 
methanol precipitation, 916 
Blood, amylase and lipidase content of, ef- 
fect of ligation of pancreatic 
duets upon, 999 

and bone marrow in infections mononu- 
cleosis, 1079 

atabrine in, distribution of, 742 
capillary and venous, in traumatic shoeh, 
observations on, 381 

clot retraction, effect of glycerophosphate 
on, 1249 

coagulation, effect of glycerophosphate on, 
1249 

concentrations of penicillin, therapeutic, 
maintenance of, for twenty-four 
liours following single injections 
of penicUlin-beeswav-peanut oil 
mixtures, 313 

constituents before and after splenectomy, 
effects of adrenalin and nembutal 
anesthesia on, IS 

donor, universal, reactions from, 472 
donors, screening, use of copper sulfate 
method of hemoglobin estimation 
for, 40 

filtrates, tungstic acid (Folin-lVu), sulfon- 
amides in, determination of, 694 
group O, for use as universal donor blood, 
addition of A. and B group-specific 
substances to, critical analysis of 
value of, 437 

human, alkaline phosphatase activity in 
normal and abnormal, 1 
ketones in diabetic acido=is, simple estima- 
tion of, 11G2 

marrow, cellular elements and coagulation 
timo of, study of, 777 


Blood — Cont'd 

prothrombin of, action of various drugs on, 
46S 

Kh types and Hr factor, application of, in 
disputed parentage, 575 
transfusion studies, 1067, 1074 
transfusions in newborn infants, use of 
heparin when performing ex- 
change, 1016 

Blue fluorescent substance in urine, 1251 
Bone marrow and blood in infectious mononu- 
cleosis, 1079 

cells, alkaline phosphatase activity in, 1 
in hemophilia' during life, 777 
Book reviews, 105, 257, 379, 498, 608, 718, 
828, 936, 1050, 1164, 1278, 1387 
Breast, diseases of, 380 (B. Bev.) 


C 

Cancer, A. A. A, S. Eesearch, conference on, 
718 (B. Bev.) 

Carbon dioxide, arterial, estimation of, from 
samples of cutaneous (capUIary) 
blood, 99 

Cardiac wounds, follow-np studies of patients 
with, 491 

Cellular mechanism of recovery after treat- 
ment with penicillin, 1279 
Central nervous system, stimulation of, by- 
curare (intocostrin), 866 
Society for Clinical Besearch, proceedings 
of eighteenth annual meeting, 
Chicago, HI., November 2 and 3, 
1945, 453 

Cerebrospinal fluid, aibumin-globulin ratio in, 
technique and systematic interpre- 
tation of, 552 

interpretation of findings in, 552 
Chemistry of carbon compounds, 608 (B. 
Bev.) 

organic, physical methods of, 828 (B. Bev.) 
Cholesterol in urine, photoelectric method for 
determination of, 95 

Circulation in congestive heart failure, effect 
of theophylline aminoisobntanol 
on, 857 

time, relation of physiologic variables to, 
584 

Cirrhosis of Uyer, generalized anasarca ap- 
pearing in impounded dog with 
unusual case of, 785 

Citriain, pharmacologic actions of miscel- 
laneous, 72 ' 

Coccidioidin, cutaneous test with, 1317 
Colitis, ulcerative, treatment of, with nisulfa- 
dine and nisulfazole, 219 
Colon, infecHons^ diseases of, snlfathalidine 

; Colorimetric determination of hemoglobin 
! V ™ ^.primary standard for, 5S9 “ 
diagnostic test tor malaria, 677 
1 Complement fixation, studies in, 394 



1402 


SUHJKCT INDEX 


Coppur sulfate method of IioniOKlobiii eati- 
mation, use of, for sercoiiin*' blood 
donors, 40 

Crystalline insulin pullets and solutions, ab- 
sorption from, study of, at various 
aites in rabbits, 11-11 

Cultures, difTerenfiatiup: paraeoloii from Sal- 
monella, presumptive medium for, 
82-1 

Curare (intocostrin), stimulation of central 
nervous system by, SGii 
Cutaneous test with coreidioidin, l.'U7 
Cysteine, inability of, to inactivate penicillin 
in presence of broth and blood, 90 
Cysts and ova, Faust metiiod in detection of, 
modification of, 1372 

D 

Dermatologv and sypliilolo{'y, 1915 vear book 
of, 008 (B. Bev.) 

Dextrose tolerance test, two-dose, in diagno- 
sis of diabetes mellitus, 1121 
Diabetes, alloxan, in rat, production and 
course of, 1004 

mellitus, two-dose dextrose toleranee test 
iu diagnosis of, 1121 

Diabetic acidosis, blood ketones in, simple 
estimation, 1102 

ketosis, severe, treated witli glucose iunl in- 
sulin, observations on, 1214' 
Diarrhea, nonspecific, suifncarboxvthiazole in, 
1305 

Dimethylaminoethyl benzhydryl etlier hydro- 
chloride, influence of, upon normal 
persons and upon those suffering 
from disturbances of autonomic 
nervous system, 500 
nature of action of; effects upon 
human eye, 1148 

Disease, permeability alterations in, 1170 
Doctor’s office, in, 100 (B. Rev.) 

Drug action, oxygen consumption and, 918 
Drugs, antishock action of certain, in burned 
mice, 003 

Drying oxalate solutions, rapid method for, 
717 

Dysentery, bacillary, colitis and enteritis, 105 
(B. Rev.) 

sulfacarboxythiazole in, 1305 
E 

Ehrlich reaction, rate of color development 
of, interpretation of, 1045 
Electrocardiogram, precordial, in. high lateral 
myocardial infarction, 492 
Electrocardiograph contact electrode for use 
with smaller laboratory animal, 
simple, 505 

Electrocardiographic caliper calculator, 1042 
diagnosis of right ventricular lesions, 493 
reading, mechanical device to facilitate, I 
1040 I 


Embryology, liuman, 1387 (B. Rev.) 
Endemic typlius, serologic diagnosis of, 550 
Endocarditis, bacterial, treatment of, with 
penicillin, 291 

subacute bacterial, penicillin and dicumarol 
in treatment of, 487 

Ertron, toxic manife.stations following large 
doses of, 480 

Erytliroblastosis, patliogenesis of, further evi- 
dence of, demonstration of Eh 
antibodies in newborn and, 1053 
Erythrocyte fragility in acute infectious Iiep- 
atitis, 1179 

transfusion, resuspended, effect of, on 
serum protein, 473 

Erythrocytes, transfused, survival of fresh 
and stored, as determined by 
urobilinogen excretion, 1074 
Esophageal liiatus hernia, reflex shortening 
of e.sopliagus in experimental uni- 
m.al witli production of, 499 
Esopliagus, reflex shortening of, effect of 
stimuli originating in upper ab- 
domen in causation of, -457 
in experimental animal with produc- 
tion of esophageal hiatus hernia, 
499 

Ethanol, antisliock action of, in burned mice, 
054 

Eyes, prominence of, in various thyroid 
state.s, changes in, 483 

F 

Faust method in detection of cysts and ova, 
modification of, 1372 

Feces, total solids, fat, and nitrogen in, of 
patients who have undergone par- 
tial gastrectomy with anastomosis 
of entire cut end of stomach to 
jejunum, 490 

Fever and leucocytosis, therapeutic induction 
of, using purified typhoid pyro- 
gen, 072 

Fingers, degenerative joint disease of, asso- 
ciation of hypertension and obe- 
sity to, 087 

Fistula, gastrocolic — experimental study, 457 
5-methyl uracil, antianemic properties of, 
further observations on, 043 
Fluids, gastric instillation of, in rat, simple 
and safe luotliod for, 1384 
Folic acid, conjugated forms of, in treat- 
ment of tropical sprue, 1294 
effect of, in nutritional hematopenia of 
monkeys, 531 

treatment of tropical sprue with, 227 
Food-allergy, familial nonreaginic, 498 (B. 
Rev.) 

G 

Gamma globulin in hypoproteinemia due to 
malnutrition, depression of, 85 
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Gassing chambers, constant ; design and oper- 
tion, 1153 

Gastric instillation of fluids in rat, simple 
and safe method for, 13S4 
Gastrocolic fistula — experimental study, 457 
Gerontology, journal of, 937 (B. Rev.) 

Giemsa stain solutions, effect of metals on, 
in fifty per cent glycerol and 
methanol mixture, 253 
Glass cage for metabolism studies, new type 
of, 59S 

Glomerular filtration and ma.ximal tubular ex- 
cretion, renal functions of, clini- 
cal method of determining specific, 
453 

Glucose and insulin, severe diabetic ketosis 
treated with, observations on, 1244 
Glycerophosphate, effect of, on blood coagu- 
lation and on blood clot retrac- 
tion, 1249 

Glycoeyamine elimination in patients with 
myasthenia gravis, 1174 
Gold chloride, effect of, on plasma ascorbic 
acid in rat, 333 

Grundlagen unserer Emahrung und unseres 
Stoffwechsels, 1164 (B. Rev.) 
Guinea pig jejunum, unsuitability of, for 
study by Magnus method, 372 
Gutman and Gutman method of estimating 
‘ ‘ acid ’ ’ phosphatase activity, 
modification of, 357 

H 


Hair and scalp, clinical study, 259 (B. Rev.) 
Halogenation of pregnancy urine, chromo- 
genic reactions to, 1240 
Harrison’s test, barium-strip modification of, 
semiquantitative estimation of bili- 
rubin in urine by, 914 
Hay fever, pyribenzamine in, 1350 
Heart disease, organic, abnormal T waves 
in patients presenting no evidence 
of, 837 

failure, congestive, effective theophylline 
aniinosobutanol on circulation in, 
857 

experimental, effect of theophylline 
aminoisobutanol in, 850 
perfusion system, isolated, adapted to de- 
termination of nongaseous metab- 
olites, 600 

Heberden’s nodes, 687 


Hematologic survey of repatriated .Ajnerican 
military personnel, 886 
Hematology for students and practitioners, 
257 (B. Rev.) 


Heiiiatopcma, nutritional, of monkeys, effect 
of folic acid in, CiZl 
Hemochromatosis, 1029 
Hemoglobin, colorimetric determination of, 
primary standard for, 5S9 
csi.mat.om copis^r sulfate method of, use 


- 

Ot, lor scrceuinrr Wnmt 


"nors, 40 


Hemoglobin — Cont ’d 

levels in specific race, age, and sex groups 
of normal North Carolina popula- 
tion, 87S 

Hemolytic and nonhemolytic transfusion re- 
actions, differentiation of, 1067 
streptococci, dangerous carriers of, detec- 
tion of, by measurement of their 
•‘streptococcal output,” 460 
streptococcus throat infection, outbreak of, 
controlled by sulfadiazine, 544 

Hemophilia during life, bone marrow in, 777 

Heparin, use of, when performing exchange 
blood transfusions in newborn in- 
fants, 1016 

Hepatitis, acute infectious, erythrocyte fra- 
gility in, 1179 

Histamine, pjwibenzamine (N'-pj-ridyl-N'- 
benzyl-N-dimethylethylenediamine 
HCl), antagonist of, 749 

Homologous and heterologous strains of Plas- 
modium vivax, 400 

Human being, pectin excretion studies in, 30 
reaction-producing material, elimination of, 
from horse-derived antiserums, by 
electrical method, 829 

Hypertension and obesity, association of, to 
degenerative joint disease of 
fingers, 687 

experimental, 1278 (B. Rev.) 

Hyperventilation, syndrome of, 474 

Hypoglycemia, detection of, rapid bedside 
test for, 1267 

Hypoproteinemia due to malnutrition, depres- 
sion of gamma globulin in, 85 

Hypoprothrombinemia, degree of, relation of 
plasma salicylate level to, 428 


Infection, hemolytic streptococcus throat, out- 
break of, controlled by sulfadia- 
zine, 544 

Infections, urinary tract, paracolon bacilli 
and their relation to, 958 

Infectious hepatitis, acute, erythrocvte fra- 
gility in, 1179 

mononucleosis, blood and bone marrow in 
1079 

Influenza virus, effect of superimposed bac- 
terial pneumonia on severitv of 
sublethal infection with 463' 

Inhaled substances, retained dose of, appara- 
tus for mea.suring, 806 

Intocostrin, stimulation of central nervous 
system by, 866 

Intratracheal^^pressures,^^positive, traumatic 

Iron, massiye doses of, intravenouslv to na- 
effem ’ anemia, 

transportation and metabobsm, studies in. 

Isoantibodies, permeability of human pla- 
centa to, 1020 
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J 

Jaunclico, serum lysolccitliiii in, 1223 

Jejunum of guinea pig, unsuitability of, for 
study by Magnus niethoil, 372 

K 

Kahn tests, quantitative, employing 0.0 
and 2.5 per eunt salt solution 
system!--, 1.378, 13S2_ 

' K ' ■ ■ 

L.aboratory animal, smaller, simple electro- 
cardiograph contact electrode for 
-use with, 595 

animals, trap with, holder for handling 
- vicious, ..such as wild rats, 305 
holder for immobilizing e.xpcrimeutal rats, 
309 

methods, 95, 2-12, 351, 589, 091, 800, 914. 
1037, 1153, 1251, 1355 

Lactobacillus casei factor in nutritional hcnia- 
topenia of monkeys, 031 
treatment of macrocytic anemia with, 
1180 

Leuccraia, effect of thiouracil on, 470 

Liver extract, purified, production of anemia 
in pig which responded to, 423 
function- tests, comparative efficiency of 
various, in detecting hepatic dam- 
age produced in dogs bv xylidine, 
1133 

in nourosyphilitic patients with in- 
duced vivax malaria of Pacific 
and Mediterranean origin, 091 
functional impairment in therjipcutic ma- 
laria, unsuccessful use of meth- 
ionine as protective agent, 50 . 

“Lyophile technique,’.’ application of, to 
biologic products, 340 

M 

Macrocytic anemia, treatment of, with Lac- 
tobacillus casei factor (ptcroylglu- 
tamic acid), 1180 

Malaria, colorimetric diagnostic te.st for, 077 
quartan, action of thiobisniol on thera- 
peutic, 735 

strain immunity, cross-inoculation study of, 
400 - _ 

therapeutic, liver functional impairment in, 
unsuccessful use of methionine as 
protective agent, 50 

Malnutrition, hypoproteineraia due to, dcj 
pression of gamma globulin in, 8o 
irreversible and slowly reversible changes 
in severe, 495 

Mammalian tubercle br^cilli, diagnostic cul- 
ture of, improved procedure for, 
1304 

Marrow blood, cellular elements and coagula- 
tion time of, study of, 777 

Medicine and allied sciences, .history of, jour- 
nal of, 828 (B. Eev.) 


Medicine — Cont’d 

clinical, modern management in, 828 (B. 
Rev.) 

preventive, and public health, 930 (B. Eev.) 
tropical, principles and practice of, 828 
(B. Rev.) 

Jleningitis, sccondarj’ bacillus pyocyaneus in- 
fection in, following intrathecal 
penicillin therapy, 1113 
Merciihydrin and mercujnirin, oral and par- 
enteral, comparative study of, 451 
^lerthiolate, preserviitivcs for syphilitic 
serum wiith special reference to, 
1101 ,,, 

Metabolism cage for small rats, simply con- 
structed, 700 

iron trjinsportation and, studies in, 1201 
studies, gln.ss cage for, new type of, 598 
Metabolites, nongaseous, isolated heart per- 
fusion system adapted to deter- 
mination of, 000 

.Methylene blue tost for bilirubinuria, 924 
Mice, burned, antishock action of certain 
drugs in, 003 
of ethanol in, 054 

■Milk, distinguishing human from cow's, 
rapid tost for, b.asod upon differ- 
ence in their xanthine o.xidase con- 
tent, 354 

Mononucleosis, blood and bone marrow in, 
1079 

Myasthenia gravis, glycocyaminc elimination 
in patients with, 1174 

K 

Neurosyphilis, intramuscular administration 
of penicillin in, concentration of, 
in spinal fluid following, 317 
Neurosyphilitic pationt,s with induced vivax 
malaria of Pacific and Mediter- 
ranean origin, liver function tests 
in, 991 

Nisulfadinc and nisulfazolo, treatment of, 
ulcerative colitis with, 219 
N' - pyridyl - N' - benzyl - N-dimethylethylenedia- 
mine (IICI), antagonist of his- 
tamine, 749 

Nutrition and chemical growth in childhood, 
COS (B. Rev.) 

Nutritional survey of starvation .in group of 
young men, 721 

O 

Organic preparations, 200 (B. Eev.) 

Oxalate solutions, drying, rapid method for, 
717 

O.xygen consumption, accuracy in determina- 
tion of, by Benedict-Rotli appara- 
tus, simple method for, 1254 
and drug action, 918 

tension, lowered, effect of, on sicklemia 
and sickle cell anemia among mili- 
tary flying personnel, 709 
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E 

Pancreatic function, studies of, 999 
Paracolon bacilli and their relation to urinarj- 
tract infections, 95S 

cultures, differentiating from Sainionella, 
presumptive medium for, S24 
Pathology, army institute of, and American 
registry of patliologj', 1051 (An- 
nouncement) 

of tropical diseases, 379 (B. Bev.) 

Study Section National Institute of 
Health’s Eesearch, llO-i (An- 
• nouncement) 

Pectin excretion studies in human being, 30 
Penicillin and bacteriophages, conjoined ac- 
tion of, 971: 

and dicumarol in treatment of subacute 
bacterial endocarditis, 1S7 
and sulfonamides, effect of on acetylcholine 
synthesis and on response of mus- 
cle to acetylcholine and potassium, 
650 

beeswax-peanut oil mixtures, maintenance 
of therapeutic blood concentrations 
of penicUlin for twenty-four hours 
following single injections of, 313 
cellular mechanism of recovery after treat- 
ment with, 1279 

concentration of, in spinal fluid following 
intramuseular administration in 
neurosyphilis, 317 

diffusion of, across serous membranes of 
joint cavities, study of, 535 | 

inability of cysteine to inactivate, in pres- < 
ence of broth and blood, 90 
sputum in patients with pneumonoeoccal 
pneumonia treated with, bacterio- 
logie studies of, 109 

subcutaneous vs. intramuscular administra- 
tion of, 1165 

therapeutic blood concentrations of, main- 
tenance of for twenty-four hours 
following single injections of peni- 
cillin-beeswax-peanut oil mixtures, 
313 

therapy, intrathecal, secondary bacillus pyo- 
cyaneus infection in meningitis 
following, 1113 

treatment of bacterial endocarditis with, 
291 

Periarteritis nodosa, experimental production 
of, 939 

Permeability alterations in disease, 1170 
Pliosgene, retained median lethal dose, per- 
centage retention, and respiratory 
response in unanestlietizej, intact 
rabbits and in unanestfietized 
tracheotoniized dogs and rabbits 
exposed to. by the dosimetric 
metlvod, 1227 

Pho.-'pliolipifl.s of liver and blood studies with 
rmlioaetive phosphorus, 47s 
I’ho'phoros.^rodioactive, as tlierapeutic agent. 


Photoelectric method for determination of 
cholesterol in urine, 95 
of serum calcium, direct, 1262 

Photomicrography, short method using nega- 
tive projection prints, 373 

Phthalysulfathiazole and succinylsulfathia- 
zole, activity in vitro of, observa- 
tions on, 757 

Physiologic variables, relation of, to circula- 
tion time, 584 

Physio-pathologie der Hiere, 1164 (B. Bev.) 

Placenta, human, permeability of, to isoanti- 
bodies, 1020 

Plague, treatment of experimental animals 
with streptomycin, sulfadiazine, 
and sulfapyrazine, 323 

Plasma ascorbic acid in rat, effect of gold 
chloride on, 333 

concentration and tissue distribution of so- 
dium pentothal (sodium ethyl 1- 
methylbutyl thiobarbiturate), 1344 
or serum protein, comparison between 
values for, as obtained by specific 
gravity and micro-Kjeldahl meth- 
ods, 307 

protein levels in normal individuals, 285 
prothrombin, determination of, improved 
method for, 703 

salicylate level, relation of, to degree of 
hypoprothrombiaemia, 428 
Plasmodium vivax, homologous and heterol- 
ogous strains of, 400 

Pneumonia, bacterial, effect of superimposed, 
on severity of suhlethal infection 
with influenza vims, 463 


pneumococcal, sputum in patients with, 
treated with penicillin, bacterio- 
logic studies of, 409 
Pregnancy, serum lysolecithin in, 1223 
urine, halogenation of, chromogenie reac- 
tions to, 1240 

Proctology, ambulatory, S2S (B. Bev.) 
Prosthesis, facial and body, 106 (B. Bev.) 
Protein, plasma or serum, comparison be- 
tween values for, as obtained by 
specific gravity and miero-Kjeldahl 
methods, 507 

requirements of adults, 261 
Prothrombin level, effect of synthetic vita- 
min K and of quinine sulfate on 

7.0 ’ 


, uxugs on. 468 

Psycliiatry, everj-day, 1030 (B. Bev.) 
Pteroylglutamic acid, treatment of macroevt- 
anemia with, 11S6 

Pulmonaty edema and inflammation, ‘’53 n 
Rev,) ^ 

P.mbenza^e, antagonist of histamine, 74 

I ^1^0 disorder 


[ Pyridine 


smtr stain lor nervous tissue and 
reticular fibers, rapid, 1375 
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Q 

Quantitative Kahn tests employing 0.9 ami 
2.5 per cent salt solution systems, 
I37S, 1.382 

Quartan malaria, therapeutic action of thio- 
bismol on, 735 

Quinine sulfate, cft'eet of, on prothrombin 
level, 79 

It 

Kabbit .shock, elimination of, antisheep am- 
boceptor production with, 71-1 

Babbits, unanesthetized, intact, retained me- 
dian lethal dose, perecntugc re- 
tention, and respiratory response 
in, to phosgene by do.simetric 
method, 1227 

Badioactive iron, intravenou.sly injected, for 
hemoglobin synthesis, utilization 
of, 1201 

phosphorus as thera|)cntic agent, 107 
phospho1i|iids of liver ami blood studies 
with, -178 

Bat, alloxan diabetes in, production and 
course of, 1004 

gastric instillation of duids in, simple and 
safe method for, 1384 

Bats, adrenalectomized, treated with dc.so.\y- 
corticosterone acetate pellets, ef- 
fect of diet on growth and .sur- 
vival of, 482 

experimental, laboratory holder for immo- 
bilizing, 309 

metabolism cage for small, simply con- 
structed, 700 

wild, trap with holder for handling vicious 
laboratory animals such as, 305 

Betlex shortening of esophagus, effect of 
stimuli originating in upper ab- 
domen in causation of, 457 
in experimental animal, 499 

Benal functions of glomerular filtration and 
maximal tubular excretion, or re- 
absorption, clinical method of de- 
termining specific, 453 

Bespiration of aquatic animats, measurement 
of, method for, 918 

Bh antibodies, demonstration of, in newborn 
and further evidence of patho- 
genesis of erythroblastosis, 1053 • 

blood types and Hr factor, application of, 
in disputed parentage, 575 

factor, sensitization of Bh-positive pa- 
tients by, 793 

Kheumatic fever, acute, effect of salicylate 
on sedimentation rate, fever, and 
occurrence of valvular he.art dis- 
ease in, 485 

Eheumatoid arthritis, serum lysolecithin in, 

, 1223 

■ Bichettsiae, cultivation of, in eggs, studies 
on, 45 

Bocky Mountain spotted fever, interpretation 
of Weil-Felix agglutination test 
in, 982 


S 

Salmonella cultures, differentiating from- 
paracolon cultures, presumptive 
medium for, 824 

Schisto.somiasis japonica, stool examination 
for diagnosis of, water centrifugal 
sedimentation and other methods 
of, relative efficiency of, 815 
Scurvy, severe, clinical and hcmatologie 
study, ()09 

Serum albumin, determination of, by meth- 
anol precipitation, applicahility of 
biuret reaction to, 910 
anticomplementary, simple method for per- 
forming a IVa-s.-icrmann test on, 
1037 

calcium, determination of, direct photo- 
electric method for, 1202 
lysolecithin in rheumatoid arthritis, preg- 
nancy, and jaundice, and in nor- 
mal per.sons, 1223 

protein, effect of resuspended erythrocyte 
transfusion on, 473 

sypihilitic, preservatives for, with special 
reference to merthiolate, 1101 
thymol turbiditj’ reaction of, quantitative 
determination of, 910 

Shock, traumatic, capillary and venous blood 
in, observations on, 381 
Sicklemia and sickle cell anemia among mili- 
tary Hying personnel, effect^ of 
lowered’ oxygen tension on, 709 
Skill, atabrine in, distribution of, 742 
Sodium bismuth thioglycollate, action^ of, on 
- , . therapeutic quartan malaria, 735 
estimation of, simplified method for, 1257 
ethyl 1-methylbutyl thiobarbiturate, plasma 
concentration and tissue distribu- 
tion of, 1344 

pentothal, plasma concentration and tissue 
distribution of, 1344 

ricinoleate, fate of, after oral administra- 
tion to white rats, 703 
Spcctrophotoiiictric technique for determin- 
ing optinml concentration of am- 
boceptor, an abbreviated, 1270 
Spinal fluid, concentration of penicillin in, 
following intramuscular adniiiiis- 
trntion in nourosyphilis, 317 
Spleen, accessory, significance of, 404 
Splenectomy, blood constituents before and 
after, effects of adrenalin and 
nembutal anesthesia on, IS 
Sprue, tropical, conjugated' forms of folic 
acid in treatment of, 1294 
Sputum in patients with pneumococcal pneu- 
monia treated with penicillin, b.ac- 
teriologic studies of, 409 
tubercle bacilli in, detection of, 301 
St.ain, pyridine silver, rapid, for nervous tis- 
sue and reticular fibers, 1375 
Starvation, nutritional survey of, in group 
of young men, 721 
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Steroids and adrenal extracts, methods of as- 
saying, for protective action 
against toxic material, 1325 
Stool examination for diagnosis of schisto- 
somiasis japonica, water centrifu- 
gal sedimentation and other meth- 
ods of, relative efficiency of, S15 
Streptococci, beta hemolytic, resistance of, 
to sulfadiazine, in vitro method 
for determining, 218 

hemolytic, dangerous carriers of, detection 
; of, by measurement of their 
• i “streptococcal output,” 400 
Streptomvein in dog bile, concentration of, 

- 1313 

studies on, 514, 523, 1355 
sulfadiazine, and sulfapyrazine, treatment 
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